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1. Introduction

Multiple timing advances, a scenario where a UE configured for carrier aggregation requires extra timing advance for SCell, has been discussed in RAN2. In previous meeting RAN2 sent a LS to RAN4 and ask RAN4’s opinion to several particular aspects regarding multiple timing advance. This contribution provides some feedback to RAN2’s LS.
2. Discussion

In R2-113653 it is mentioned that for multiple timing advance study, besides extending the method similar to what has been used in Rel-10, an alternative method which obtains the timing advance for SCell is also considered by RAN2. Two possible ways are identified and they are copied here for convenience:
a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b. The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.

In order to make progress RAN2 lists the following questions where RAN4’s input is required.
1.
RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values. 
Regarding the usability of uplink-only or downlink-only repeaters, we believe that compared with an downlink-only repeater, an uplink-only repeater is more pragmatic in practice since in general the uplink is more power limited, especially for the scenario where a cell has a very large coverage area and in particular in the carrier aggregation case where a relatively large uplink power back off is required. An uplink-only repeater could provide some coverage benefit for those scenarios. Therefore, our view is that the deployment possibility of the uplink-only repeater, especially under the carrier aggregation scenario 4 and 5 [1] cannot be totally ruled out immediately. 
In scenario 4 F1 provides macro coverage and F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. For SCell using frequency F2 since its coverage is already very limited, the necessity to deploy an uplink-only (downlink-only) repeater is quite low. There maybe a possibility that an uplink-only repeater is deployed on the F1 cell edge, however under this scenario UEs utilizing the uplink-only repeater are unlikely under the coverage of F2 then carrier aggregation will not be configured for those UEs. 
In scenario 5, F1 and F2 cell are co-located, F2 has smaller coverage and frequency selective repeaters are deployed to extend the coverage of one of the carrier frequencies. Similar to former analysis, if there is an uplink-only repeater for F1, UEs using the repeater are more likely to locate at the edge of F1 and out of the coverage of F2 hence CA will not be configured for these UEs. This is one possibility that an uplink-only repeater is deployed for F2 in order to increase F2 cells coverage. It is a corner case since frequency selective repeaters has already been considered for the same purpose in CA scenario 5. However if this really happen in practice, both method (a) and (b) will not work since the assumption that the DL and UL always have the same or very slight different propagation delay is broken. Under this scenario RACH based solution still works and it is also helpful to handle other problems caused by deploying uplink/downlink-only repeaters such as initial power control in SCell.
In summary, we believe the deployment of uplink/downlink-only repeaters under the CA scenario 4 and 5 is unlikely to be a common scenario and a RACH based solution is robust for various deployment scenarios including the one where uplink/downlink-only repeaters is deployed.
2.

RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.  

If method (a) or (b) is deployed, the timing advance of the SCell could be calculated by using PCell timing advance subtracting an offset where the value of the offset is the difference between PCell/SCell arrival time difference and PCell/SCell departure time difference multiplying 2 [3]. The estimation error of this offset, together with the quantization error due to the resolution of UL timing advance command (0.52µs) and the UE transmit timing error defined in [2] (≤ 0.39µs when bandwidth ≥ 3 MHz), determine the final SCell transmit timing accuracy.
There are several contributors to the estimation error of the offset. The first contributor is the estimation error of the PCell and SCell arrival time, especially when the SINR is low the estimation error is not trivial. Secondly the quality or accuracy of the estimation of the PCell/SCell arrival time could be different, i.e., they are estimated under different conditions, for example one is estimated under a good environment (high SINR) and the other is estimated under a relative bad environment. This will increase the estimation error of PCell/SCell arrival time difference. The last contributor is the quantization error of the PCell/SCell departure time difference, since this parameter needs to be signalled from eNB to UE. The amount of quantization error is bounded by the granularity whose value depends on signalling design. 
In summary, compared with accuracy requirement of timing advance in Rel-10, the possible degradation of the SCell timing advance accuracy when using either method (a) or (b) depends on the estimation error of PCell/SCell arrival time, the difference of conditions when estimating PCell/SCell arrival time and the quantization error of the PCell/SCell departure time difference. In tough environment (for example low SINR) the degradation is not trivial and this may make time aligned uplink transmission on SCell difficult.
3.
RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.

The current timing requirements impacted by using method (a) or (b) are UE transmit timing and timing advance requirement. We do not see any problem to reuse the current timing advance requirement for SCell. However further investigation is required to determine whether the current UE transmit timing requirement could be reused for SCell. This results in some extra work for Rel-11.
3. Conclusion

This contribution investigates issues related to the methodology where the timing advance of SCell is derived based on the time difference measurement between PCell and SCell and provides answers for questions in RAN2 LS. A draft LS is also provided based on the analysis in this contribution.
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