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1 Introduction
An LS from RAN2 [1] that contains several questions about the feasibility of having multiple timing advance commands or a UE based timing advance computation method was received the previous meeting. Some contributions [2],[3] were discussed during the last meeting but no agreement was reached. In this contribution we provide a brief analysis on the questions from RAN2.

2 Discussion
The questions from the LS are listed below. Methods a) and b) below both are UE based computation methods but the differences are a)UE is solely responsible for maintaining UL timing sync on all carriers and b) UE tries to maintain UL sync based on DL time difference estimation but the network can also send TA commands for correction.
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. 

2. RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

3. 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.  

4. 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.
We will treat the answers to each question separately below.
1. RAN4 requirements up to Rel.10 were not designed having such a deployment in mind. It is hard to believe that such a deployment would work well in practice considering the lack of study and the fact that it was not taken into account until now. From this point of view, it seems very unlikely that such a scenario with UL only or DL only repeaters would exist in practice. However, the fact that a repeater has both downlink and uplink paths, doesn’t necessarily mean that both paths materially contribute to the propagation delay. Since the repeater’s UL and DL gain can be controlled independently satisfying various trade offs, it is quite possible that for a subset of the UEs, the dominant DL path is through the repeater, while the dominant UL path is through the direct link, or vice versa. Since neither the donor eNB nor the UE is aware of whether and when this situation occurs, there is a risk that the UE will not be able to correctly apply autonomous timing advance. Also considering the fact that the UE will most likely not be aware of the existence of such repeaters, it would be rather difficult for a UE based TA computation method to have enough accuracy to ensure good system performance.

2. Question for RAN1, not in the scope of RAN4

3. Based on the current requirements, there are multiple error sources that should be considered when evaluating the robustness of a UE based computation method. The errors could be categorized in BS transmission misalignment, UE Rx timing difference estimation, UE Tx timing uncertainty and propagation delay differences. We will treat each of these error sources below:

a. BS transmission misalignment based on the current requirements in 36.104 is 1.3us (40Ts). This number is already about 1/3 of the CP used in LTE so if not compensated for it would be rather hard to achieve enough robustness for a UE computation method. Signaling the actual Tx time difference between the 2 carriers could be a solution but it would increase the BS complexity and it would be hard to implement in the case where the BS antennas are not collocated (e.g. RRH deployment)

b. UE Rx timing difference estimation is rather hard to evaluate without any in depth simulation study. The timing difference between 2 carriers could be estimated in a similar manner as the measurements for RSTD are performed. It should be noted though that RSTD requirements are based on the use of PRS which has a much higher energy (PRS has more REs than CRS/subframe) than CRS. Hence, it is rather difficult to reference the RSTD requirements and it is expected that the estimation error would be much higher. Furthermore, RAN4 would have to do a simulation campaign to define appropriate requirements if such a method were to be used.

c. UE Tx timing uncertainty comes from the quantification error of the TA commands and the inherent UE Tx uncertainty. Based on the current specifications, these errors could be +/-8Ts (quantization error) +/-4Ts(error for applying the TA) +/-12Ts(UE transmission error) leading to a total of +/- 24Ts. 
d. Propagation delay differences are hard to quantify but until now in RAN4 they have been considered negligible. In [2] a 0.52 us worst case difference for an inter-band scenario is given. Even if there are no propagation delays between the carriers, if the frequency bands are different it is expected that the multipath fading profile would be different so the UE might have to adjust it’s timing differently or the time difference estimation accuracy will be affected. Considering this, an inter-band aggregation scenario will introduce some more uncertainty in a UE based computation scenario and it would have to be further studied if enough robustness could be guaranteed.

Considering the above, only the time uncertainty that can be derived from the current specifications (a&c) is about 2 us. To this figure the other uncertainties (b&d) would have to be added such that the overall uncertainty could be in the range of 3 us. As the normal CP is 4.69 us, it would be very difficult to ensure enough robustness and good system performance with a UE based computation approach. 

4. RAN4 would have to do some additional work if either method (a) or (b) is chosen. If a UE based computation method is defined, RAN4 would have to define minimum requirements for the calculation error, and this implies a simulation campaign that might take a relatively long time. If a multiple RACH solution is chosen, RAN4 would still have to analyze the spectrum emission requirements and possible A-MPRs. However, the A-MPR definition seems to be simpler than a simulation campaign to define the minimum requirements for the timing calculations.
Based on the above analysis, we believe that the UE computation methods cannot provide good enough reliability to ensure acceptable system performance in all possible scenarios. A multiple RACH solution with the network controlling each carrier separately would provide much better robustness and the additional complexity would be very small since RACH procedures are supported on all component carriers. It should also be noted that if a UE based computation method is chosen now and  it turns out in the future that it does not to provide enough robustness, the UEs would have to support multiples RACHs. This would result in an additional UE complexity of  having to support the computation method as a redundant feature.
3 Conclusion
In this paper we presented a brief analysis on the multiple TA questions received from RAN2 in [1]. Based on the analysis presented, the UE based timing difference computation methods seem not to provide enough robustness to ensure good system performance in any scenario and also increase UE complexity. As a method that works in any scenario with minimum additional UE complexity, the multiple RACH solution would be a more appropriate approach.
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