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1. Introduction
RAN4 has received an incoming LS on performance during network failure from ITU-T Study Group 15 [1]. ITU-T Q13/15 is currently working on the specification of synchronization solutions based on packet-based timing and in particular on the IEEE1588-2008 protocol in order to support the needs of mobile networks. In the LS, it was pointed out that some major failure may happen in the synchronization distribution network. This kind of synchronization failure may cause performance degradation for LTE TDD system and some features. So ITU-T would like to get feedback on the following questions from 3GPP:
· can it be accepted that due to some rare events (e.g. once per year), over a period of a few hours up to a few days, the limit of 3 us specified by 3GPP TS 36.133, is exceeded (e.g. up to 7 us).
· If 7 us are not acceptable, could you please advise on what would be an acceptable limit?
· What are the expected impacts on the mobile service? Would different considerations apply in case the target is to support LTE TDD vs. support of some other features (e.g. CoMP)?

This contribution will discuss the impact of synchronization error on TDD systems and try to give a draft LS response.
2. Discussion
For TDD system design, the most important thing is to avoid the inter-NB interference at TX-RX switching point and RX-TX switching point. Several requirements in LTE specifications are considered to be relevant for fulfilling this purpose.

· GP and TA offset (20.3125) is designed for eNB (UE) transmitter switching between ON (OFF) state to OFF (ON) state [2]. 

· Transmit ON/OFF transient period is defined for BS [3] and UE [4]. For BS, the transient period for transmitter switching is defined as 17us.

· 3us phase synchronization error is defined for eNBs that have overlapping coverage area [5].

eNB RX to TX switching
The guard period at eNB RX-TX switching point is created by TA offset, that is 
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As mentioned above, the transient period is defined as 17us for eNB. It means that eNB will turn on the transmitter 17us ahead of the beginning of the first downlink subframe after RX-TX switching. The current 3us synchronization error in 36.133 is mainly derived by 20.3125us-17us. If the synchronization error is relaxed to 7us, the ramping up signal of eNB 2 will fall in the UL subframe of eNB 1 as shown in figure 1. In the worst cases, performance degradation will happen if eNB1 and eNB2 are deployed closely. 
It should be mentioned that the extent of performance degradation depends on the distance between eNB1 and eNB2 and the ramping power of eNB2. Since ramping power in the transient period is an implementation issue and no requirement is defined in the specification, it’s hard to evaluate the exact impact on eNB2. 
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Figure 1 Illustration of synchronization error between eNBs

eNB TX-RX switching
The GP is used to accommodate the time budge for TA offset, UE round trip time, eNB/UE switching time, signal dispersion and inter-eNB synchronizaiton error. There are multiple configurations for GP in TDD specification [Ref 2]. For macro deployment scenario, one of the important things is to ensure that the Tx signal from one eNB does not cause harmful interference to a faraway eNB receiving at UpPTS. The eNB at distance d will not be affected as long as the interfering signal level at victim eNB is degraded to a specific value. 
P – Pathloss(d) < N0 - xdB
Where, 

P is the output power of eNB;
N0 is the victim receiver noise floor
The distance d will determine the GP configuration by TGP – TA offset (20.3125μs) – ΔT > d/c. The operator should consider this factor on choosing GP configuration. 7us during network failure may increase the interference possibility for a eNB that was not affected before synchronization failure. 
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As is seen from the analysis, 7us synchronization error during network failure may increase the system interference. 
In LTE, features like Comp and eICIC/FeICIC etc also have dependency on system synchronization. Evaluations and standardization for these features were carried out under the current synchronization requirement. Larger synchronization error due to network failure may also cause performance degradation for these features.

There is no synchronizaiton requirement at network synchronizaiton failure. However in real deployment of TDD system, eNBs usually need to implement self maintenance function for synchronization which is required by the operator. If the eNB can be notified when network failure happens, it can switch on synchronizaiton maintenance function.  The 3us synchronization error between eNBs can be maintained for e.g. 6-7 hours after network failure. So no performance degradation will occur if synchronization failure does not last for long time. 
A draft LS response is given in section 3 based on the above information.

3. Draft LS response
ITU-T Q13/15 kindly asks 3GPP to clarify the following:

[ITU-T question]: Can it be accepted that due to some rare events (e.g. once per year), over a period of a few hours up to a few days, the limit of 3 us specified by 3GPP TS 36.133, is exceeded (e.g. up to 7 us).
[3GPP answer]: 3us synchronizaiton error is derived based on several TDD system parameters that have been fixed from Rel-8. Increasing synchronization error to 7us will have impact on performance for TDD system and some LTE features (e.g. COMP). However TDD eNBs in the real network usually have self maintenance function as a backup during network synchronization failure period. The self maintenance function can keep 3us synchronizaiton error up to several hours after network synchronization failure. If the eNB can be notified the failure, it can maintain the synchronization for several hours to avoid performance degradation. If the events last too long (e.g. up to several days) is not acceptable.
[ITU-T question]: If 7 us are not acceptable, could you please advise on what would be an acceptable limit?
[3GPP answer]: There is currently no synchronizaiton requirement during network synchronization failure period. 3GPP cannot give this value at this moment. However 3GPP would like to further investigate this issue.
[ITU-T question]: What are the expected impacts on the mobile service? Would different considerations apply in case the target is to support LTE TDD vs. support of some other features (e.g. CoMP)?
[3GPP answer]: Performance evaluation LTE features that have dependency on synchronization were carried out either assuming that frame (subframe) boundary is strictly aligned in time or assuming that the available 3us synchronization error is reused.
4. Summary
This contribution discussed the impact of synchronization error on TDD systems and some LTE features in according to the question raised by ITU-T. A draft LS response is given in [6] 
5. Reference
[1]
R4-13xxxx, Liaison statement on performance during network failure, ITU-T Study Group 15
[2]
3GPP TS36.211
[3]
3GPP TS 36.104
[4]
3GPP TS 36.101

[5]
3GPP TS36.133
[6]
R4-132653, Response LS on performance during network failure, CATT, RAN4#67
























































































































































































































































































































































































































































































































Page 1

_1429831757.vsd
DL
Tx


ΔT=7μs


UL
Rx


20.3μs


17μs


UL
Rx


20.3μs


DL
Tx


eNB1


 eNB2



_1429966103.vsd
Dw
Tx


17μs


Rx     UpPTS


GP
TGP


NTAoffset = 20.3μs



_1429514933.unknown

