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1
Introduction
In [1] the methods for RN absolute sync are proposed, and there are some concerns on the accuracy of sync via TA command for donor eNB. In this contribution we give further discussion and clarification on the sync accuracy of this method. 
2 Discussion
In [1] it is suggested to just focus on the most simple and feasible method, which obtains synchronization with donor eNB by the timing advanced command defined inTS36.213. The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16Ts.This command has two kinds of formats. In case of random access response, 11-bit timing advance command, TA, is used. In other cases, timing advance command, TA is 6-bit long for adjustment of the current NTA. An amount of the time alignment is given by NTA = TA (16 in case of random access response, and NTA,new = NTA,old + (TA (31)(16 in other cases. 

In case of random access response, when a RN receives a timing advance command from eNB, RN can synchronize its downlink access to eNB downlink with the time TA. If RN synchronizes with eNB in uplink, which means the timing of RN uplink subframe arrival to eNB in backhaul link should align with the receiving beginning timing of donor eNB, the backhaul timing advanced should equal to double of single trip propagation delay. Figure 1 shows that TA represents the eNB-RN round trip delay in backhaul link. As the DL synchronization is defined as the deviation in frame start timing, RN should use the half of NTA to adjust its downlink access to obtain synchronization with eNB downlink in case of random access response. 
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Figure 1: the relationship between propagation delay and TA in case of random access response 
In other cases, as we only research fixed Relay in Rel-10, timing error will exist because of oscillation drift of RN, so timing advance command means a relative timing with eNB uplink. TA can also be used to adjust RN’s downlink access because the same timing error exists in downlink and uplink access links. But the time TA is an absolute error without half relationship, so it can be directly used to adjust downlink access timing. Meanwhile, this NTA can be positive or negative that respectively means advancing or delaying the uplink transmission. For RN downlink access case, adjustment value by a positive or a negative amount indicates advancing or delaying RN downlink access transmission timing. The amount of the time alignment for RN downlink access link is given as NTA,oldRN + (TA (31)(16.
The error in eNB Rx-Tx time difference will have impact on the synchronization accuracy and theoretically it should be set as zero in other case. However if the final resulting RN DL synchronization accuracy can be within the limit as expected, eNB Rx-Tx time difference is still allowed to some extent. It should be clarified that the donor eNB should adjust RN by 6-bits TA when it could estimate the eNB Rx-Tx time different is large than 16Ts. Consequently, the RN DL timing accuracy depends on adjustment step of TA (16Ts), eNB Rx-Tx time difference estimate accuracy and the timing error of RN DL access transmission according to TA command. Reference to the corresponding accuracy defined for UE in TS36.133, the accuracy of RN cell synchronization via timing advance command from donor eNB is better than 2us(60Ts for BW of 1.4MHz as the worst case). So if Relay synchronise by the method of Timing Advance, the synchronization accuracy is fully satisfactory.
3 Text proposal
----------------------------------------------------Start of Text Proposal--------------------------------------------------------
9.4
RRM aspects
<Text will be added>
9.4.X Synchronization methodology
RAN4 have lots of contributions on synchronization requirements for TDD system, among the numerous proposals there are mainly two types of method: synchronization to absolute time reference; synchronization via air-interface. These two types of method could be applied to Relay, probably with some modifications according to character of Relay.

9.4.X.1 Synchronization via absolute time reference

If Relay Node contains a receiver of external reference of standardized synchronization signals, the external system will provide the most accurate synchronization accuracy. The GNSS systems are available for such timing service.

-Advantage 

Obviously the GNSS based method provides reliable synchronization accuracy on the order of 100ns. In this case, the synchronization requirement of Macro eNB could be achievable for Relay.

-Disadvantage 

As the Relay is expected for coverage extension with low cost to allow deployment in large numbers, the cost should also be an important factor for Relay. Though the application of GNSS had been restricted for cost control, with the increasing application of GPS the cost has been controlled as a reasonable level.

The other drawback of standardized reference is that in some extremely conditions, e.g. indoor scenario, the GPS signal may be not available. For Relay the situation may be a little different, as even for indoor Relay the backhaul antenna may be set outside the door, so the absolute time receiver also could be deployed outside. If the backhaul antenna of Relay is also set indoor, where the GPS signal is really faint, it is better to turn to synchronization via air-interface with donor eNB.

Furthermore, GPS is not even a viable option in the case when the eNB is not synchronized to GPS. This is especially the case for FDD relays where the donor eNB could be part of an asynchronous network.
9.4.X.2 Synchronization based on donor eNB

There may be multiple methods for synchronization of RN via air-interface, but we just focus on the most simple and feasible method, which obtains synchronization with donor eNB by the timing advanced command defined in TS36.213. The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16Ts.This command has two kinds of formats. In case of random access response, 11-bit timing advance command, TA, is used. In other cases, timing advance command, TA is 6-bit long for adjustment of the current NTA. An amount of the time alignment is given by NTA = TA (16 in case of random access response, and NTA,new = NTA,old + (TA (31)(16 in other cases. 

In case of random access response, when a RN receives a timing advance command from eNB, RN can synchronize its downlink access to eNB downlink with the time TA. If RN synchronizes with eNB in uplink, which means the timing of RN uplink subframe arrival to eNB in backhaul link should align with the receiving beginning timing of donor eNB, the backhaul timing advanced should equal to double of single trip propagation delay. Figure 1 shows that TA represents the eNB-RN round trip delay in backhaul link. As the DL synchronization is defined as the deviation in frame start timing, RN should use the half of NTA to adjust its downlink access to obtain synchronization with eNB downlink in case of random access response. 
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Figure 1: the relationship between propagation delay and TA in case of random access response 
In other cases, as we only research fixed Relay in Rel-10, timing error will exist because of oscillation drift of RN, so timing advance command means a relative timing with eNB uplink. TA can also be used to adjust RN’s downlink access because the same timing error exists in downlink and uplink access links. But the time TA is an absolute error without half relationship, so it can be directly used to adjust downlink access timing. Meanwhile, this NTA can be positive or negative that respectively means advancing or delaying the uplink transmission. For RN downlink access case, adjustment value by a positive or a negative amount indicates advancing or delaying RN downlink access transmission timing. The amount of the time alignment for RN downlink access link is given as NTA,oldRN + (TA (31)(16.
The existence of eNB Rx-Tx time difference will have impact on the synchronization accuracy and theoretically it should be set as zero in other case. However if the final resulting RN DL synchronization accuracy can be within the limit as expected, eNB Rx-Tx time difference is still allowed to some extent. It should be clarified that the donor eNB should adjust RN by 6-bits TA once it could estimate the eNB Rx-Tx time different is large than the 16Ts. Consequently, the RN DL timing accuracy depends on adjustment step of TA (16Ts), eNB Rx-Tx time difference estimate accuracy and the timing error of RN DL access transmission according to TA command. Reference to the corresponding accuracy defined for UE in TS36.133, the accuracy of RN cell synchronization via timing advance command from donor eNB is better than 2us(60Ts for BW of 1.4MHz as the worst case). So if Relay synchronise by the method of Timing Advance, the synchronization accuracy is fully satisfactory.
---------------------------------------------------End of Text Proposal--------------------------------------------------
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