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Introduction
The timing reference for UE to apply the TA had been discussed in previous RAN2 meetings during discussion on Rel-10 carrier aggregation, and following agreements had been reached in RAN2#70 meeting, 
1) Reference for initial RACH timing is Pcell downlink timing (in accordance with Rel89)

2) Reference for UL Timing adjustment MAC CE is the current UL timing (in accordance with Rel89).
But such agreements are based on the assumption that only intra-band carrier aggregation is supported for the uplink (e.g. Scenario #1 indicated in Annex J of 36.300, as well as Scenario #2 and #3 when F1 and F2 are in the same band). Under such assumption, only a single TA is needed, which applies to all the aggregated UL CCs. As a result, the UL transmission timing of a Scell is the same as the Pcell.
As inter-band carrier aggregation would be supported in Rel-11, it should be re-considered whether the agreements made for Rel-10 related to timing reference could also apply to Rel-11 with multiple TA. In this contribution, we shared our views on the issue.  
Discussion
Initial Timing Alignment 
In current RAN2 specification, initial timing alignment is achieved through Random Access procedure. This involves the UE transmitting a Random access preamble and eNB responding with an initial TA command NTA within the random access response. eNB can estimate the uplink timing from the Random access preamble transmitted by the UE. NTA is the absolute offset between the start of a received downlink subframe and a transmitted uplink subframe. The received downlink subframe should be on the DL CC on which the RAR is received. 
For intra-band CA in Rel-10, although it has been clarified in RAN2#70 meeting that DL assignments and UL grants for the same TTI on different CCs may be received at different times at the physical layer, the timing difference among different DL CCs is negligible in most cases, as Scenario #4 and Scenario #5 are de-prioritized with no optimization. So when UE applies the TA command, UE adjusts the UL transmission timing based on the DL reception timing of Pcell.
At the beginning of Rel-11 work, it is assumed that all scenarios will be supported. As a result, the DL reception timing could be different among different DL CCs, especially for the scenarios with RRHs or frequency selective repeaters, due to the difference in antenna locations or processing delays of the repeaters. So it is unclear whether Pcell DL timing can still be used as reference for initial timing alignment. 
The timing advance is controlled by eNB, and the TA value is calculated based on the estimation of propagation delay from each UE. So the reference DL CC for initial timing alignment of an UL CC should be selected based on the principle that the DL CC should have the similar propagation environment as the UL CC. Otherwise timing advance error will occur, which will result in the disturbance of the orthogonality between different UEs as well as interference. 

One example is illustrated in Figure 1. In this specific example, Pcell with f1 experiences a small propagation delay Tp,1, thus a small TA value TA,1 is used to compensate for the propagation delay. Scell 1 with f2 experiences a larger propagation delay Tp,2, due to the processing time in the repeater, thus a larger TA value TA,2 is used. So the DL CC corresponding to Pcell is used as timing reference for TA,1, while the DL CC corresponding to Scell 1 is used as timing reference for TA,2. 
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Figure 1

Observation 1: With the introduction of multiple TA, the agreement that Reference for initial RACH timing is Pcell downlink timing (in accordance with Rel89) needs to be extended to consider the cases that the Scells have different propagation environment from Pcell. 
At the beginning of Rel-11 work, it is assumed that RACH on Scell based solution will be used for obtaining multiple initial TA values. If RACH is performed independently on each serving cell, the RAR for each Scell will be received on its own DL CC, instead of other DL CC such as DL PCC. In other words, RACH with cross carrier transmission is not supported. Base on such assumption, the DL reception timing of the SIB2-linked DL CC can be used for initial timing alignment reference.
Proposal 1: If RACH is performed independently on each serving cell, the DL reception timing of SIB2-linked DL CC can be used as reference for initial timing alignment. 

Maintenance of Uplink Timing Alignment 
In current RAN2 specification, after the timing advance being set for a UE, it needs to be updated from time to time to counteract changes in the arrival time at the eNodeB. The TA value for each UE is calculated based on the measurements on the respective uplink transmission. As only one TA is supported in Rel-10, the UL transmission timing for the Scell is the same as the Pcell. When UE apply the TA command, UE adjusts the UL transmission timing based on the current UL timing.
But with the introduction of multiple TA, it is unclear whether UL timing from all the aggregated UL CCs is the same, as different UL CCs could apply different TA values. If the UL timings from different UL CCs are different, the concept of current UL timing also needs to be clarified. In our understanding, the reference CC for TA adjustment for an UL CC should be itself instead of other UL CC. 
Observation 2: With the introduction of multiple TA, the agreement that Reference for UL Timing adjustment MAC CE is the current UL timing (in accordance with Rel89) needs to be extended to consider the cases that the UL timings from different UL CCs are different.
Proposal 2: The reference for UL TA adjustment for an UL CC should be the current UL timing of itself. 
Conclusion
In this contribution, the problem of DL reference for obtaining initial TA value and UL reference for maintaining uplink timing alignment is discussed for multiple TA. Our understanding is that the original agreement made in Rel-10 is not sufficient any more for Rel-11, especially for the cases that different serving cells have different propagation environment. So RAN2 is kindly asked to reconsider the problem.
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