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1 Introduction
In Rel.10, UE can adjust the timing advance (TA) according to the TA command from the eNB or detected DL timing changes from DL signals. Since only a single point is considered to communicate with a UE, such design can work well. However, in the CoMP scenarios, the DL Tx point for a UE may be different from the UL Rx point. Hence some issues are introduced if Rel.10 design is reused. This contribution investigates the TA issues for CoMP scenarios.
2 TA related design in Rel.10

In Rel.10 as described in 36.213, UE adjusts the TA value according to 6-bit timing advance command from eNB, TA, which indicates adjustment of the current TA value (in sampling time Ts), NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where
NTA,new = NTA,old + (TA (31)(16






(1)
If the received DL timing is changed, UE can track the change of DL timing and take the new DL timing as the DL timing reference. However due to the adjustment restriction at the UE side when without timing advance command, the timing changes may not be fully compensated for.  The UE will use the latest realistic NTA value when a new timing advanced command is received. This procedure can be expressed as

TAnew = TAold + TADL







(2)
where TAold and TAnew are the TA values (in sec) before and after TA adjustment; and TADL denotes DL timing changes detected by the UE. TA reference point is defined as the point on which UE is based to have DL timing. Since only a single point is considered to communicate with a UE in Rel.10, the TA reference point is just the serving point, and the design can work well in Rel.10.
In 36.133, following is described. 

The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements.
3 TA issue analysis and proposal
A typical CoMP scenario (scenario 4) is interpreted in Fig. 1. A macro-cell coverage area includes one macro site and multiple RRHs, which are connected to the BBU. The BBU schedules the UL/DL transmission for the macro site and RRHs. The macro site has larger transmit power than a RRH. Network synchronization is assumed, i.e. the macro site and all RRHs transmit / receive signals at the same time. A single shared cell-ID may be assumed for all sites in Figure 1. The appendix shows some link level simulation results about the performance losses when uplink timing is not synchronized within the scope of CP.
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Figure 1 A typical CoMP scenario where DL Tx point and UL Rx point are different for UEs
When a UE accesses to the network, the point with the best channel quality is usually the DL Tx point, e.g. with largest RSRP. However in UL, because a UE’s transmit power is limited, the Rx point is preferred to be the point(s) with small pathloss, so as to improve UL efficiency and avoid high interference to other points. For example for UE1 in Fig. 1, the macro site is the DL Tx point for UE1 since the DL channel quality of the macro site is the best, while RRH3 is the UL Rx point for UE1 since the link between UE1 and RRH3 has the smallest pathloss. In the following, we discuss the impacts of the different choices for the UE reference timing. 
If the DL timing is based on the first path detected by the UE 1, the DL timing of CRS from RRH 3 will be the downlink timing reference for determination of uplink transmission timing. The transmission power of RRH 3 is normally much lower than the transmission power of macro site. Hence if the detection of DL timing is based on the first path, the UE may still need to detect the CRS from RRH 3 for DL timing reference even though UE has been in an overextended coverage of RRH 3 or not in the coverage of RRH 3. This may incur abrupt changes of the first path timing due to miss detection of the first path from RRH 3 since in scenario 4 all points share the same cell ID and transmit the same DL signals (e.g. CRS) to a UE, and the UE can only distinguish signals from different points by different arrival timing. Generally, compared to non-CoMP case there may be more multiple paths due to different transmission sites with the same transmission signal and the transmission powers from different sites may vary according to whether the site is a Macro site or Pico site in case of CoMP. Hence the UE may follow the abrupt DL timing changes with the autonomous adjustment scheme.
The DL strongest path might be considered for a UE to determine the DL timing reference alternatively, but when the received powers from Macro site and Pico site are similar for a UE, the timing difference between macro and Pico may be large for the UE due to different transmission power between Macro site and Pico site, which also incurs abrupt changes of downlink timing reference.
There could be an issue here for UE to track the DL abrupt timing change and hence to impart the full impact of the DL timing changes to the UL transmission timing. However, this may be mitigated by the slew rate restriction for the autonomous adjustment of the UE. With the slew rate restriction for autonomous adjustment of the UE, which has been defined in Rel-10 specification 36.133, this abrupt changing of DL timing reference may be or may not be an issue since the autonomous adjustment might be slow enough so as to not impact to the uplink timing severely. More investigation on the slew rate restriction and impact to the uplink timing accuracy by abrupt changes of DL timing reference might be needed, particularly in case of small bandwidths such as 1.4MHz or 3MHz, where slew rate restrictions are looser.
Proposal:
· Uplink timing advance scheme may be investigated further considering the new CoMP scenario and slew rate restriction of uplink timing advance.

4 Conclusion
This contribution investigates TA issue for CoMP scenarios. Based on the detailed analysis, it is proposed:
· Uplink timing advance scheme may be investigated further considering the new CoMP scenario and slew rate restriction of uplink timing advance.
Reference
[1] 3GPP TS 36.213 v10.2.0, “Physical layer procedures”.
Appendix: Link-level simulation for the impact of different arriving time
Link-level simulation is carried out for PUSCH and the results are shown in Fig.4, where the block error rate (BLER) performance for different arriving time instances is given. Considering that UL performance is affected by modulation and bandwidth, simulation results for 2 links are given (one with QPSK and 4RBs; the other with 16QAM and 25RBs). Positive time instance denotes that signal arrives at eNB later than the CP start time and negative time instance denotes that signal arrives at eNB earlier than the CP start time. Note that normal CP is considered in the simulation (CP duration=4.7(s).
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(a) QPSK, 4RBs
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(b) 16QAM, 25RBs
Figure 4 Detection performance when signals arrive earlier or later than CP start time
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