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Summary

This contribution provides in annex a draft ECC report on “measures to facilitate coexistence between adjacent TDD networks” taking into account information available at this stage within ECC PT1. 
Proposal 

ECC PT1 is invited to consider the draft ECC Report attached.

Background 

When drafting the ECC DEC(11)HH, ECC PT1 identified Work Items (WI) which should be studied to further develop the underlying technical usage conditions associated with this new ECC Decision. In particular, on WI refers to coexistence between adjacent TDD networks
See ECC PT1(11)119_Annex 5:

1. Development of a new ECC Report covering measures to facilitate coexistence between adjacent TDD networks (e.g. synchronisation, additional filtering, site coordination, restricted blocks/guardbands) as well as sharing studies between FDD and TDD at the 3600 MHz boundary
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1 introduction


[Following the approval of ECC DEC(11)HH on … a few open issues were left for study: considering dd

There are several possible techniques for improving coexistence between TDD networks

· synchronisation


· additional filtering


· site coordination


· restricted blocks/guard bands.

The aim of this report is of providing [technical guidance for methods] an evaluation of the techniques that facilitate the coexistence of TDD networks. The use of restricted blocks/guard bands is obviously a method which leads to spectrum wastage and is therefore a last resort method.


The candidate MFCN technologies for the 3.5 GHz bands are LTE and WiMAX.]

2 Synchronisation of networks

["Synchronization" means that the two neighbour operators have to transmit and receive in the same time. Thus, more precisely, this means :


· Synchronizing the beginning of the frame 

· Synchronizing the length of the frame 

· Synchronizing the TDD uplink/downlink ratio

The main advantage of synchronisation of different networks is to minimise inter-operator guard frequencies. 


There are three synchronisation levels: synchronisation within a network, synchronisation of adjacent band networks using the same technology and synchronisation of adjacent band networks using different technologies (i.e. TD-LTE and WiMAX). Synchronisation within a network is fully included within standardisation. The other cases of synchronisation are the object of the analysis below.]

2.1 Same technology network Synchronisation


[Same technology networks synchronisation is within the domain of standardisation.  It appears that for both technology LTE and WiMAX it is possible to synchronise networks in adjacent bands that use the same technology. In the case of WiMAX there is an actual example of synchronisation as described in document ECC PT1(11)103 (see paragraph below, assuming the networks were using WiMAX). In the case of LTE, 3GPP RAN4 gave the following indication in an liaison statement to ECC PT1 (see document ECC PT1(11)077): “for the LTE TDD BS, the 3GPP requirements are defined assuming synchronisation between blocks assigned to operators”. We can infer from this statement that it is technically possible to synchronise network of different operators using TD-LTE.

From ECC PT1(11)103:  “In the Asia Pacific region Malaysian operators in the 2300MHz band operate synchronised TDD systems (frame timing and UL/DL transmission) in unpaired blocks through a voluntarily agreed cooperation agreement. The agreed DL/UL ratio is 29:18 but there is a possibility to agree alternative ratios. Internationally, the 29:18 DL/UL ratio is a very common and popular ratio for the uplink and downlink sub-frames in TDD mode.”

The following sections explain the technical possibilities (current and in development) for synchronising networks.]

2.1.1 Synchronisation of the start of frame


[There are several methods for synchronisation of the start of frame. According to document ECC PT1(11)117, 3GPP has mostly identified three mechanisms: GPS (suitable for macro/microcells), IEEE1588v2 (i.e. over (IP)), and "network listening".

Below three methods for network synchronisation are described.]

2.1.1.1 Synchronisation by GPS

[Synchronisation by GPS is suitable for base stations that have an outdoor component and therefore can receive a GPS signal. Macro-cell outdoor BS should then be able to be synchronised by GPS. However this method of synchronisation would fail in the case of indoor BS which is often the case for femtocell BS. ]

2.1.1.2 Synchronisation over IP


[ “The Precision Time Protocol (PTP) (IEEE 1588) is a protocol used to synchronize clocks throughout a computer network. On a local area network it achieves clock accuracy in the sub-microsecond range, making it suitable for measurement and control systems. IEEE 1588 is designed to fill a niche not well served by either of the two dominant protocols, NTP and GPS. IEEE 1588 is designed for local systems requiring accuracies beyond those attainable using NTP. It is also designed for applications that cannot bear the cost of a GPS receiver at each node, or for which GPS signals are inaccessible.” [Wikipedia]

3GPP is analysing the possibility to use the IEEE1588 protocol. However the utilisation is not without some limitations as described in 3GPP document 36.922:

“Under good backhaul conditions (e.g. operator controlled fiber / Ethernet), IEEE 1588 v2 can provide sub-microsecond level accuracy. However, such good backhaul conditions may not always be possible. In particular backhauls over cable and DSL modems have significant jitter and delay variations. Note that the upstream packet delay δ1 is often not equal to the downstream delay δ2 creating an error of (δ1 – δ2)/2. This resulting error may be up to many milliseconds, rendering IEEE 1588v2 restricted for the application of TD-LTE synchronization.” [3GPP 36.922]

Limitations were highlighted in document ECC PT1(11)113:  “New protocols like IEEE1588/PTPv2 (Precision Time Protocol) are currently under study by ITU-T in order to provide accurate phase/time synchronisation, but this type of solution is not fully mature today. Moreover, it will require new hardware support from the network (Boundary Clock, Transparent Clock) to fight against Packet Delay Variation and network delay asymmetry in order to meet the stringent phase/time requirements of TDD systems. In particular, standardisation work on a Second ITU-T PTPv2 telecom profile phase/time-oriented (PTP "link-by-link") is only in the preliminary phase and there would be additional hardware costs associated.”

The above elements show that work is ongoing for synchronisation over IP and that there is some uncertainty on the applicability of this synchronisation techniques for TDD networks.]

2.1.1.3 Synchronisation by network listening


[Network listening is presented in 3GPP document 36.922. It is described as a possible solution for synchronisation when other solutions are not available:  “Network listening is one essential practical scheme, as it works when GPS doesn't work (e.g. indoors) and IEEE 1588v2 is not available”. 


The principle of the technique is described in 3GPP 36.922 §6.4.2.1: “The technique in which a HeNB derives its timing from a synchronized eNB or HeNB (which in turn may be GNSS-synchronized) is referred to here as "synchronization using network listening." A HeNB that uses network listening (say HeNB1) may utilize a synchronization or reference signal from another eNB (say sync eNB) to derive its timing. […]The HeNB may periodically track one or more signals from the donor cell (e.g. Primary and Secondary Synchronization Signals, Common Reference Signal, Positioning Reference Signal) to maintain its synchronization.”

For the worst case of a femtocell-only deployment this method would fail, however this can be remedied by adding a receiver that would get the time reference from a macro base station operating in another band (see ECC PT1(11)117). It is also noted in ECC PT1(11)117 that “for that kind of scenario, it is questionable whether synchronization between operators is even necessary, considering the expected average distance, probability of interference (i.e. two femtocells on adjacent channel close to each others), wall penetration loss, etc”. 


One can conclude that the “network listening” scheme enables a whole network, including femtocells BS, to be GNSS synchronised (provided there is a reference macrocell network). This allows for the possibility of networks of different operators to be synchronised to the same time reference source. 

Question: is “network listening” included in WiMAX?

Question: These schemes have been designed for intra network synchronisation, but have they already been included in standardisation dealing with inter network synchronisation (especially the synchronisation by network listening)? ]

2.1.1.4 conclusion

2.1.2 Frame structure synchronisation


[Frame structure synchronisation means full synchronisation of networks. The base stations of adjacent band networks emit at the same time and terminal stations also all emit at the same time. This implies a common uplink downlink ratio. As it is technically clear that once the start of frame are synchronised there is no added technical difficulty for using the same uplink/downlink ratio across different (same technology) networks, the only issue is one of choosing and agreeing upon a common ratio.]

2.1.2.1 Common downlink uplink ratios

[A common uplink downlink ratio can be either agreed by consensus between network operators or chosen by the regulator after consultation of the network operators. This would probably imply the inclusion of some provision in the licences of the different operators in the band which enable the regulator to mandate synchronisation when some conditions (e.g. lack of agreement) are met.

Some operators have argued (see ECC PT1(11)113) that there would be different kind of traffic patterns due to different applications and different usage behaviour of mobile broadband users. This would create difficulties in agreeing on a common UL/DL ratio. Additional difficulties at the border of different countries could be expected if operators are expected to agree on a common uplink downlink ratio.


It should be noted that agreement on a common UL/DL ratio would cancel the flexibility of TDD with respect to the choice of the ratio, maybe leading to some suboptimal ratio. This waste of capacity should be compared with the waste created by resctricted blocks/guard bands in the case of unsynchronised networks. One can expect that the waste due to a suboptimal ratio would be less important? 

Need to explore solutions for the case where there is no consensus among operators.]

2.2 Cross-technology network Synchronisation

[LTE and WiMAX are the two candidate technologies for MFCN networks within the 3.5 GHz bands. There is therefore a possibility that those two technologies be deployed by adjacent band networks. They have different frame structures, however similarities could enable to achieve some level of synchronisation.]

2.2.1 Synchronisation of the start of frame


[Assuming each network is internally synchronised (using one of the techniques described in §2.1.1) then using a common time reference (such as one provided by GNSS) should enable to synchronise both networks. The technical implementation may create some difficulties but in theory it should be feasible.]

2.2.2 Analysis of the frame structure


[Detailed analysis of the overlap of TD-LTE/WiMAX UL and DL frames is needed.

What are the consequences of near alignment (with remaining overlap) of the frame structures: what is the expected capacity reduction? [On the Forum discussion a figure of 10% maximum was provided]]

3 OTHER Mitigation techniques for unsynchronized networks

[Unsynchronised TDD networks will suffer from BS to BS and TS to TS interference scenarios. ]

3.1 Additional filtering

[Additional filtering provides protection for BS in the case of unsynchronised networks.]

3.2 Site coordination


[Site coordination enables to limit BS to BS interference. This is achieved by removing the most stringent scenarios of BS to BS interference where BS face each other and are in close proximity.

Derivation of gain compared to worst scenario needed.]

3.3 Restricted blocks / Guard bands

[In the case of unsynchronised adjacent band networks all kind of interference scenario may occur. The scenarios that are not dealt with by standardisation are the BS to BS interference and the TS to TS interference.]

3.3.1 Case of BS to BS interference


[[ECC PT1(11)113] “Initial studies show that a minimum guard band of 10MHz between neighbouring base stations of two different operators is required at the base station side in case of unsynchronised TDD inter-operators.”

Needs a detailed analysis with derivation of the [10 MHz] figure.]

3.3.2 Case of TS to TS interference


[It was noted on discussion on the ECO Forum that there is a trade of between TS to TS interference and guard bands. Some noted that it is better for global network capacity to accept some TS to TS terminal interference while keeping limited guard bands. It was also pointed out that the probability of terminals to be in close proximity must be taken into account when assessing the loss of service due to TS to TS interference.


As for a quantitative analysis of UE/UE interference, document ECC PT1(11)113 has pointed to a Nokia contribution to 3GPP RAN4 (R4-111854) that analyses coexistence of TDD and FDD networks. ECC PT1(11)113 mentions a 25 MHz guard band. This material could be of interest for TDD/TDD network coexistence.


There is a need for an evaluation of necessary guard band for UE/UE protection and of the trade off of less guard band for more UE/UE interference.]

4 Conclusions


Conclusions…
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