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1 Introduction

In Rel-10, only one single TA is supported. The timing reference for the initial RACH timing and UE timing lock is the PCell DL timing as approved in RAN2#70. All the SCells share the same UL transmission timing of the PCell. However, in Rel-11, an SCell can have a different TA value from the PCell and the timing reference for SCell(s) should be reconsidered. In this contribution, we would like to continue the discussion on timing reference for UL transmission when multi-TA is needed.
2 Discussion
In RAN2#74 meeting, agreement has been reached that TA maintenance mechanism of PCell TA group remains the same as Rel-10. It is quite reasonable that the timing reference for pTAG remains the DL timing of the PCell. So the following discussion only focuses on the timing reference for sTAG.
2.1 Timing reference for PRACH transmission
In Rel-10, the timing reference for PRACH transmission is PCell DL timing, which is also the SIB2-linked DL and the DL of the scheduling cell. Considering the timing reference for PRACH transmission on an SCell in Rel-11, potential options are listed as follows:
· Option 1a: the DL timing of the PCell
· Option 1b: the DL timing of the scheduling cell

· Option 1c: the DL timing of the RA SCell
As evaluated by RAN4, a relative propagation delay difference is up to 30s among the component carriers to be aggregated in inter-band non-contiguous CA [1]. If the DL timing of the PCell or the scheduling cell is used as the timing reference for SCell PRACH transmission, the eNB may have to indicate a negative TA value in the RAR in certain scenarios [2]. However, the TAC in RAR in Rel-10 always indicates a positive TA value. Therefore, the DL timing of the RA SCell is a better choice without the need to change the RAR format.
As analyzed above, we propose that
Proposal 1: Timing reference for PRACH transmission on SCell is the DL timing of the RA SCell.
2.2 Timing reference for PUSCH/SRS transmission
In Rel-10, the UE uses the DL timing of the PCell as the reference for deriving the UL transmit timing [3]. The UL transmission timing for PUSCH/SRS of an SCell is the same as the PCell, which is also applicable to the SCell(s) in pTAG in Rel-11.
When talking about the timing reference for PUSCH/SRS transmission on an SCell in an sTAG, there are several options analyzed and compared as follows:
· Option 2a: the DL timing of the PCell

In Option 2a, the PCell DL timing is used as the reference. For the first PUSCH/SRS transmission of the sTAG after the PRACH transmission, if the DL receiving timing difference between the PCell and the RA SCell is taken into account when deriving the UL transmission timing, then the DL of the PCell can be used as the reference. However, considering the possibility that the propagation delay is quite different from the SCell, the NTA might be adjusted into a negative value, which requires changes to the current specification [4].
· Option 2b: the DL timing of the concerning SCell
In Option 2b, the SCell PUSCH/SRS transmission timing in an sTAG is based on the SIB2 linked DL timing[5]-[6]. However, the DL receiving timing of the SCells in one sTAG generally has little difference, so it seems unnecessary to select multi references in one group, which is not conformed to the principle in Rel-10 and also that of the pTAG in Rel-11. 
· Option 2c: the DL timing of one fixed cell in the same sTAG
In Option 2c, the timing reference for the SCell PUSCH/SRS transmission for sTAG is fixed on a “special” cell of the same sTAG. The special cell can either be the RA SCell or linked to the pathloss reference cell or a new defined cell as specified in [7]-[9]. No matter which cell is selected, it is required to be the last deactivated/removed cell in the group or even always activated, which may cause the UE consuming more energy. Moreover, the activation/ deactivation of an SCell shall more depend on the service requirements and the channel quality of the SCell. So keeping the reference cell activated during the lifetime of sTAG is not recommended.
· Option 2d: the DL timing of any activated SCell in the same sTAG

In Option 2d, the timing reference can be the DL timing of any activated SCell belonging to the same sTAG [10], because the DL receiving timing among different SCells in one sTAG is quite similar. This option allows the UE to change the timing reference autonomously when needed, which is more flexible and requires fewer restrictions.
Comparing the above options, we slightly prefer Option 4. If the PRACH transmission timing is based on the DL of the RA SCell, then the RA SCell can continue being used as the reference for PUSCH/SRS transmission. However, when the RA SCell needs to be deactivated or released, it is more reasonable to change the timing reference instead of keeping it activated all the time. Besides that, if the reference cell is  removed to another TAG, the timing reference must be reselected, otherwise the other SCells might have to be removed to a new TAG instead. 
Since the timing reference is used to derive the UL transmission timing at the UE, there seems no strong need to involve the eNB in configuring the reference for the UE. Therefore, we prefer that the UE can autonomously reselect another activated SCell in this group as the reference when needed. However, it is also appreciated that the reference cell shall not be changed too frequently, although it is up to the UE implementation. 
Based on the above analysis, we suggest that
Proposal 2: Timing reference for PUSCH/SRS transmission on SCell can be reselected to the DL timing of any activated SCell of the same sTAG when needed.
3 Conclusion

In this contribution, we discuss the timing reference for sTAG including the timing reference of PRACH transmission and PUSCH/SRS transmission on SCell in the sTAG. We kindly ask RAN2 to consider the above problems and the corresponding proposals listed below.
Proposal 1: Timing reference for PRACH transmission on SCell is the DL timing of the RA SCell.
Proposal 2: Timing reference for PUSCH/SRS transmission on SCell can be reselected to the DL timing of any activated SCell of the same sTAG when needed.
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