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1. Introduction
In [1], RAN2 sent an LS to RAN1 and RAN4 asking some questions about timing advance calculation using time difference measurementRAN2 asks RAN1 the following questions:

1. RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.
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.
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.
2. TA calculation scheme
In this section, the basic method for calculating timing advance(TA) for SCells is outlined, reproduced from [2]
In the multiple TA case, because the UE is connected to the eNB and also has a valid UL TA value for the PCell, it is possible to let the UE get the UL TA for an SCell deployed using e.g. RRH, based on the TA value for the PCell and the DL reception timing difference between PCell and SCell. 

From the analysis above, we assume the propagation delay for the UL direction and DL direction will be same on each carrier. Then the UL TA value is equal to the round trip timing delay or 2*DL transmission delay when using the DL reception timing as the timing reference. Furthermore in the multiple TA case, as long as the UE can measure the DL reception timing difference between PCell and SCell, it can calculate the UL TA on SCell. Figure 1 below shows an example of the timing relationship between the DL transmission, the UL transmission, and the DL reception time for the PCell and the SCell
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Figure 1, example of timing relationship between PCell and SCell

From Figure 1, the TA for the PCell and the SCell are 
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From above we can further derive that the timing advance for the SCell is 
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In order to have only a single unknown in the calculation, the network needs to signal the DL transmission timing difference between the PCell and the SCell at the eNB (TDTP  - TDTS). When considering deployment scenarios captured in TS36.300, we believe that obtaining this information is possible for the eNB, and frequent updates to this value is not needed. As indicated by RAN2 in the LS, there are two variants of the TA calculation scheme
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 will not provide timing advance adjustments for these SCells.

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

3. Discussion
3.1 CoMP
Concerns were raised whether the TDOA based solution will also be compatible with future deployments such as CoMP. Because the TDOA based solution relies on a robust link and the available TA value for the PCell, it clarified that the only target is to get one or more additional TA values (multiple TA) in the carrier aggregation case. 

The key assumption for the TDOA based solution is that the DL transmission will have same propagation delay as the UL transmission. So when CA and CoMP are deployed together, the feasibility of the TDOA based solution depends on whether there the DL transmitter and UL receiver are collocated or not. In the RAN4#59AH meeting, there were several contributions discussing the UL-only and DL-only repeater scenarios[3][4], and the common view was that such repeaters will cause some problems to the power control and mobility control methods and will not be considered/deployed in the near future. Even though CoMP introduces multiple spatially separated transmission and reception points, from the UE perspective there is no difference in the UE timing compared to the non-CoMP case as the UE bases its timing on a single cell per carrier. Hence, we conclude that there should be no issues with compatibility between the introducing the TDOA based solution and CoMP. 
Observation #1: TDOA based solution is compatible with CoMP . 

3.2 Accuracy and robustness
RAN2 also asked about the accuracy and robustness of solutions a) and b). As stated earlier, solution a) uses the TDOA based solution to get the initial TA value for the Scell, but also for tracking the TA; solution b) uses the TDOA based solution to replace RACH, i.e. to get the initial TA value, and lets the eNB to maintain the TA for the Scell using TA commands. 
Solution b) should have the same accuracy and robustness as the current mechanism because it only uses the TDOA based solution to get the initial TA value and use the TA command to adjust the TA on the fly in the same way as done currently LTE. The only possible error will be the initial timing acquired from TDOA or RACH. 

In [4], it was discussed that the maximum error for the TDOA based solution could be somewhat larger than for RACH. The maximum error would come from the time alignment error (TAE) requirement defined in [5], i.e. up to 80Ts, but in [5] it is also defined that the maximum error of RACH based solution is 64Ts in ETU70 channel, meaning that the extra error for TDOA is only 16Ts. Additionally,, the requirement in [5] is quite pessimistic and normally the performance will be better than that, so an even smaller error increase is expected for the TDOA based solution. 
From the efficiency point of view, TDOA will save some signalling overhead and also reduce the delay compared to RACH even if solution b) is used. For an SCell that needs multiple TA, the eNB should not configure SRS in the Scell configuration signalling IE or prevent the UE from transmitting the SRS if RACH based solution is selected. The first UL transmission on the given SCell can then in best case only happen after 10ms after the SCell is activated, but will be more than 10ms in the typical case). With TDOA solution b), the first UL transmission (SRS or PUSCH) can immediately after the SCell is activated, and the first TA command could be sent to the UE 4ms later. Even if the first UL transmission is not correct, the delay will still less than RACH based solution. 
Observation #2: solution b) can achieve the same performance as the current mechanism and still have gain from delay perspective. 
3.3 Workload in RAN1
The TDOA based solution introduces a new requirement for the UE to calculate the timing difference in DL reception timing between the PCell and the SCell. The UE already needs to acquire these values in DL synchronization for the demodulation, so the only new functionality needed is calculating the difference which is is very . Since new physical layer signalling is needed , we think no significant specification work is needed in RAN1 if the TDOA based solution is adopted.
On the other hand, if the RACH based solution is selected, RAN1 may also need to consider the possible simultaneous transmission of PUCCH/PUSCH/SRS on PCell and PRACH on SCell, which requires specification effort on power control, power scaling etc. This depends on the decision whether to allow such simultaneous transmission or not, considering the impact to power efficiency and delay performance. 
3.4 Multiple TA for new carrier type

As agreed in [6], additional carrier types will be part of the Rel-11 studies as described below:

•Study additional carrier types including non-backwards compatible elements for Carrier Aggregation. A way forward for additional carrier types and related details will be decided based on trade-off analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.

Although the discussion of new carrier types has not started in Rel-11, there were discussions already in Rel-10 and the extension carrier would save system information and control channel overhead. During the Rel-10 discussion, it was stated that RACH will be not supported on the extension carrier due to the PRACH the overhead (n*6 PRBs where n is the number of configured PRACH resources). So if the extension carrier is agreed in Rel-11 and multiple TA are needed, the TDOA based solution is a good alternative for getting the TA on an SCell without eating the gains of introducing the extension carrier
4. Conclusions

This contribution provides analysis and consideration of the incoming liaison statement in [1]. We propose to provide the following answers to RAN2’ questions 

2. Even though CoMP introduces multiple spatially separated transmission and reception points, from the UE perspective there is no difference in the UE timing compared to the non-CoMP case as the UE bases its timing on a single cell per carrier. Hence, there should be no issues with compatibility between the introducing the TDOA based solution and CoMP.
3. Solution b) lets the eNB to adjust the UE’s TA value for the SCell after the initial UL transmission. This will result in the same performance for the UL timing accuracy as in Rel-8

4. There is no significant specification work needed in RAN1 from introducing the TDOA based solution. On the other hand, the RACH based solution will require RAN1 to define the procedure/power of simultaneous transmission of preamble on SCell and PUCCH/PUSCH/SRS on PCell.
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