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introduction
The technical conditions for mobile/fixed communications networks (MFCN) operating in the band 3400-3800 MHz are specified in ECC/DEC/(11)06 [1] and the corresponding EC Decision 2019/235 [2].
Base station additional baseline power limits below 3400 MHz are stated in Table 5 of the ECC Decision (see attached in Annex 1) and reflect the need for protection of the military radiolocation systems that are operating below 3400 MHz in some CEPT countries.
As noted in the Explanatory note to Table 5, “The additional baseline power limits given in Table 5 were derived assuming only outdoor cells. Therefore, in the case of Indoor cell, the power limits can be relaxed on a case by case basis”.
Considering the growing interest for indoor small cell deployments in the band in Europe, there is a need for clear and harmonized requirements for indoor base stations in the band. In particular, there is currently an uncertainty regarding the required emission limits for indoor base stations to ensure protection of the military radiolocation systems, and the applicability of the additional baseline power limits that are given in Table 5 to the specific case of indoor small cells.
This Recommendation aims at supporting the development of clear and harmonized technical conditions that would enable small cell deployments and their positive impact on the use of radio spectrum and on the development of wireless communications in Europe, also noting the benefit of harmonized requirements on the eco system development.
Note: this Recommendation complements ECC/DEC/(11)06 and the corresponding EC Decision 2019/235, and is not intended to replace them.
[bookmark: Text4]ECC recommendation of YY(XX) on the application of the least restrictive technical conditions (LRTC) in ECC/DEC/(11)06 to ensure protection of the military radiolocation systems operating below 3400 MHz from indoor small cells operating in the band 3400-3800 MHz
“The European Conference of Postal and Telecommunications Administrations,
considering 
that ECC/DEC/(11)06 provides the harmonised frequency arrangements and least restrictive technical conditions (LRTC) for mobile/fixed communications networks (MFCN) operating in the band 3400-3800 MHz
that EC Decision 2019/235 is the Commission Implementing Decision (EU) 2019/235 of 24 January 2019 on amending Decision 2008/411/EC as regards an update of relevant technical conditions applicable to the 3400-3800 MHz frequency band
that ECC Report 281 [3] provides Analysis of the suitability of the regulatory technical conditions for 5G MFCN operation in the 3400-3800 MHz band
that CEPT Report 067 [4] provides a response to the Mandate to develop harmonised technical conditions for spectrum use in support of the introduction of next-generation (5G) terrestrial wireless systems in the Union and to Review of the harmonised technical conditions applicable to the 3.4-3.8 GHz ('3.6 GHz') frequency band
that there is a growing interest for indoor small cell deployments in the 3400-3800 MHz band in CEPT countries
that the additional baseline power limits given in Table 5 of ECC/DEC/(11)06 were derived assuming only outdoor cells, hence their applicability to the specific case of indoor small cells remains unclear
that indoor small cells are geographically separated from the military radar systems due to their indoor placement
that there is a need for clear and harmonized LRTC for indoor base stations in the band
that harmonised requirements are beneficial for the eco system development
that this recommendation is needed as to complement ECC/DEC/(11)06 and the corresponding EC Decision 2019/235


recommends 
1. [that for indoor dedicated local area base station building exit losses and outdoor clutter losses shall be considered for co-existence with adjacent systems
2. that for non-AAS indoor local area BSs the additional baseline values as specified in Annex 1 (Table 1) shall be used]
3. 
Note: 
Please check the Office documentation database http://www.ecodocdb.dk for the up to date position on the implementation of this and other ECC Recommendations.
[bookmark: _Toc280099658][bookmark: _Ref46240298][Additional baseline limits for local area base stations in indoor installations]

Dedicated indoor solutions
In general, for dedicated indoor systems and indoor local area BS the basic regarding deployment and antenna system is:
Local area indoor BSs are used for offices, industrial buildings and/or larger public buildings like e.g. airports or even underground in such places. For homes femto BS products can be used.
The reason for dedicated indoor systems beside to give larger capacity is that outdoor-to-indoor coverage, due to building entry loss, is not good enough
The number of dedicated indoor systems in an area will be small compared to outdoor BS deployment and therefore the aggregated interference from such locations towards radar can be expected to be less to outdoor networks, Indeed such dedicated indoor systems will help to limit the overall interference as less outdoor installations are needed to give indoor coverage 
The BSs are at fixed/known location in the building. Some models for entry loss assume terminals uniform distributed throughout the building. This is not fully true for indoor BSs and makes the model non-reciprocal with respect to entry and exit loss for statistical simulations.
The BSs will be mounted at the ceiling (below the false ceiling) in the building using omni-directional antennas to give indoor coverage with cell-radii typically between 25 to 50 meters. The antenna gain is about 4 to 5 dBi and power at the connector up to 24 dBm 
Indoor BS or antennas are usually not placed at the outer wall of the building or close to window as uniform coverage in the whole building needs to be given. Furthermore indoor-to-outdoor interference should be limited also between the own cellular network
Passive distributed antennas system may be attached to the local area BS which will reduce the output power and unwanted emission 

Background information on additional baseline limits below 3400 MHz for the protection of radar
ECC Decision (11)06: Harmonised frequency arrangements and least restrictive technical conditions (LRTC) for mobile/fixed communications networks (MFCN) operating in the band 3400-3800 MHz
In ECC Decision (11)06 the additional baseline as given in the table below for outdoor macro BS is defined in order to protect radiolocation systems <3400 MHz and limit any needed coordination zone. It is further stated in the decision that:
“Explanatory note to Table 5: The additional baseline power limits given in Table 5 were derived assuming only outdoor cells. Therefore, in the case of an indoor cell, the power limits can be relaxed on a case by case basis.
The additional baseline limit reflects the need for protection for military radiolocation in some countries. CEPT administrations may select the limits from case A or B for non AAS depending on the level of protection required for the radar in the region in question. 
A coordination zone of up to 12 km around fixed terrestrial radars, based on an AAS TRP limit of −52 dBm/MHz per cell, may be required. Such coordination is the responsibility of the relevant administration. Other mitigation measures like geographical separation, in-block power limit or an additional guard band may be necessary.
In case of indoor deployments, administrations may define a relaxed limit applying to specific implementation cases to ensure a more efficient usage of spectrum.”
Table 5: Base station additional baseline power limits below 3400 MHz for country specific cases, for non-AAS and AAS base stations (1) cases
	Case
	BEM element
	Frequency range
	Non AAS e.i.r.p. limit 
dBm/MHz per antenna
	AAS TRP limit
dBm/MHz per cell (2)

	A
	CEPT countries with radiolocation systems below 3400 MHz
	Additional baseline
	Below 3400 MHz (3)
	-59 dBm
	-52

	B
	CEPT countries with radiolocation systems below 3400 MHz
	Additional baseline
	Below 3400 MHz(3)
	-50 dBm
	

	C
	CEPT countries without adjacent band usage or with usage that does not need extra protection
	Additional baseline
	Below 3400 MHz(3)
	Not applicable
	Not applicable

	(1) Alternative measures may be required on a case by case basis for indoor AAS BSs on a national basis.
(2) In a multi-sector base station, the radiated power limit applies to each one of the individual sectors 
(3) In cases where CEPT administrations have already implemented a guard band when issuing licences for MFCN before the adoption of this ECC Decision and in accordance with ECC Decision(11)06 (approved 9th December 2011, amended 14th March 2014), these CEPT administrations may apply the additional baseline only below such guard band, provided it complies with the protection of radars in the adjacent band and with cross-border obligations.



ECC Report 281: Analysis of the suitability of the regulatory technical conditions for 5G MFCN operation in the 3400-3800 MHz band
In ECC Report 281 these limits were reviewed with respect to the introduction of AAS. In the report in section 5.3 we find the following information on the non-AAS eirp <3400MHz unwanted emission limits:
“Two additional baseline limits have been introduced to reflect the need for protection for military radiolocation in some countries. ECC/DEC/(11)06 (rev. 2014) [3] specifies maximum permitted out-of-band e.i.r.p. levels of –59 and ­50 dBm/MHz below 3400 MHz for FDD and TDD MFCN base stations. Administrations may select one or the other (or no limit) depending on the required level of protection of radar in the region in question. These limits had originally been derived via minimum coupling loss analysis, although the derivation was not formally documented in any CEPT or ECC reports.”
Further scenarios for MFNC and radar including Monte Carlo simulation with AAS statistical beamforming are done. Only CDF values >98% seem to have been considered in most of the conclusions for AAS and statistical beamforming, Section 6.3.5. 
The simulations/calculation in the report consider a minimum distance of 1 and 5 km between BS (outdoor) to radar for urban and suburban area, respectively. For ground radar the height can be between 4 to 30 meter (10m assumed in simulation) and for aeronautical radar the height above ground is ~9 km with minimum horizontal distance of 3 and 91km for urban and suburban area assumed in the simulations. 
For ground radar stations the P.452 propagation model is used, basically only free space loss was considered in the model for outdoor macro BS and possible interference towards radar. Using MCL parameters combined with aggregated interference from surrounding outdoor BSs. No clutter losses for macro BS above rooftop. One finding in Annex 4 Study #1was that for micro AAS BS the TRP <3400MHz could be 18 dB less stringent compared to macro BS as clutter loss can be considered. 
For aeronautical radar the ITU-R P.528 propagation model is used with the time percentage p=50%. MCL parameters combined with aggregated interference analysis is used. 
For non-AAS macro and micro BS the antenna height above ground assumed are:
Macro BS with 20/25m urban/suburban and 6 m for micro BSs

For the limits specified in Table 5 of ECC/Dec 11(06) for outdoor macro base stations a guard band in the order of 20 MHz is needed in order to fulfil the requirements (see section 6.3.5 ECC Report 281)
ITU-R M.2111: Sharing studies between IMT-Advanced and the radiolocation service in the 3 400-3 700 MHz bands
Annex 1 which studied the range separation for IMT unwanted emission <3400MHz used 
P.452 propagation loss model with time percentage of 20% and 
free space propagation loss model with uniformly distributed building/terrain loss. 
Building penetration loss up to 20 dB was assumed.

[bookmark: _Toc280099660]buidling exit losses and clutter losses from surrounding buildings for 3400-3800 Mhz band
From reciprocity, the numerical value of building exit loss will be the same as the building entry loss, [5].
Towards military radiolocation the aggregated interference from surrounding cells (outdoor and indoor) is considered in the additional baseline power limits below 3400 MHz which means the mean value is of main interest.
Local area indoor BSs are used for offices, industrial buildings and/or larger public buildings like e.g. airports or even underground in such places. The local area BSs are at fixed/known location in the building. The BSs will be mounted at the ceiling (below the false ceiling) in the building using omni-directional antennas to give indoor coverage with cell-radii typically between 25 to 50 meters. 
For local are base station class the antenna gain is about 4 to 5 dBi and the power at the connector up to 24 dBm.
In ITU-R P.2109 the building exit mean loss is 16 and 31 dB for traditional and thermally efficient buildings, respectively
In ITU-R P.2108 the clutter loss in urban suburban environment for 50% of locations considering above and below roof top situation is estimated with ~28 dB.
Hence, an additional exit loss of 30 dB has been considered for local area BSs, which includes wall and clutter losses.
ITU-R P.2109 Prediction of building entry loss
Building entry loss will vary depending on building type, location within the building and movement in the building. The figure below gives the median building entry loss for (1) traditional and (2) thermally efficient, for horizontal incidence. 
At 3.4GHz the building entry loss is about 16 dB and 31 dB for the two building classes. Dedicated indoor installation can be therefore expected of higher usage in thermally efficient buildings. 
Clutter losses from surrounding buildings are not included in the building exit loss.
The entry loss considers the random position of UEs in the building and assumes that terminals have an equal probability of location at any point within a building. 
Dedicated indoor systems using non-AAS antennas will be placed in dedicated places e.g. centre of building or floor to give uniform coverage within a cell radius of about 25 to 50 meters
[image: ]
Figure 1: Median building entry loss predicted at horizontal incidence, from ITU-R P.2109
ITU-R P.2346 Compilation of measurement data relating to building entry loss
In chapter 5 to 10 measurement results for 3.5 GHz are reported. For office building in chapter 7 the following table is found regarding wall and window losses:
Table 14: Loss due to coated glass and concrete slab at 0 incident angles
	Frequency
	Concrete slab
(10 cm thickness)
	Concrete slab
(20 cm thickness)
	Coated glass office
(10 mm thickness)

	
	Mean (dB)
	Standard deviation (dB)
	Mean (dB)
	Standard deviation (dB)
	Mean (dB)
	Standard deviation (dB)

	3.5 GHz
	16
	2.5
	20
	1.5
	25
	4



In Chapter 9 for the three typical office buildings the entry loss is measured for distinct points in the building at different floor heights and outdoor at heights 2.3m from ground and at height with the 4th floor. The measurements are done at different indoor places with (i) Outer-wall with glass, (ii) outer-wall+1 inner-wall, (iii) outer-wall+2 inner-wall and (iv)outer-wall+ elevator The buildings have different structure and materials and the findings are:
Median losses of 19.4, 32.8 and 42.8 dB with standard deviation of 2.7, 15.3 and 14.3 dB. 
The lower median value is from Building C where the indoor receiving points was selected close to the window and with three different outdoor transit points. It is unlikely that an indoor BS is placed close to a window for reasons as given in Section 1 of this document. 
In Section 10.3.3 with measurements at two retail buildings (supermarkets) and the findings are:
50% CDF with (Building A) 23 to 38 dB and standard deviation of about 5 dB
50% CDF with (Building B) 13 to 20 dB and standard deviation of about 4 dB
ITU-R M.2292 Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses
In the report the outdoor-to-indoor user terminal penetration loss is given with 20 dB for bands between 3 and 6 GHz (see Table 4). Reference is made to 
“It is proposed that the floor loss model of Recommendation ITU-R P.1238 be used to determine building penetration loss in the vertical direction (§ 3.1, Table 3). Building entry loss values in horizontal direction for certain frequency ranges could be found in Recommendation ITU R P.1812 (Table 6).”
“When conducting sharing studies it is also important to account for how the antennas are deployed in relation to the surrounding environment, including the clutter. If the antennas are deployed below the rooftop level it might be necessary to use a different propagation model compared to the scenario when the antennas are installed above the roof top level. Tables 2, 3, and 4 indicate the typical percentage of base station antennas installed below the rooftop level. An alternative approach could be to add clutter loss to propagation loss calculations.”
ITU-R P.1812 makes reference for building entry loss to ITU-R P.2040, see below.  
ITU-R P.1238 Propagation data and prediction methods for the planning of indoor radiocommunication systems and radio local area networks in the frequency range 300 MHz to 450 GHz 
The indoor system / antennas can be expected to be deployed in the centre of the building or at least at a distance from the outer wall with the cell coverage radius typically about 25 to 50 meters. Every second or third floor may just have such local area BS as one BS could cover more than one floor.
The indoor walls and floors will add pathloss horizontally and vertically and the following values are suggested in P.1238 for office and commercial buildings at 3.5 to 4 GHz:
Distance power loss coefficient with 22 to 28 dB. Which for an indoor system with 25 to 50 meters cell radius adds 3 to 14 dB to the free space pathloss
Floor penetration loss of 18 dB (1 floor) and 26 dB (2 floors)
Standard deviation of 8 dB

ITU-R P.2040 Effects of building materials and structures on radiowave propagation above about 100 MHz
P.2040 gives in Annex 1 theory for material electrical properties with measured values in Table 3 and in Annex 2 recommendation on how to measure building entry losses. For building entry and exit losses it can is stated in the report: 
From reciprocity, the numerical value of building exit loss will be the same as the building entry loss.
This is as purely from building material the loss is reciprocal

[bookmark: _Hlk48936551]ITU-R P.2108 Prediction of clutter loss
P.2108 can be used to estimate clutter loss at frequencies between 30 MHz and 100 GHz. For urban and suburban environment, the model can calculate the clutter loss for percentage of location considering above and below roof top situation. For 3 GHz and distances larger 1 km it can be found that the median value is ~28 dB and the standard deviation ~6dB

[image: ]
Figure 2: Median clutter loss for terrestrial paths, from ITU-R P.2108
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