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1 Introduction

At the RAN2#75bis meeting, the issue of multiple TAs for CA in Rel-11 was discussed [1]. The agreements were as follows:
	Agreements
1 RAN2 agrees that a RA based solution is sufficient for supporting multiple timing advance in Rel-11, i.e., a TDOA based solution will not be considered further. 

2 PDCCH for Msg2 on a different cell than Msg1 will be supported (cross carrier scheduling)


However, the selection of timing reference cell for each TA group (TAG) remains an open issue. In this contribution, we analyze the above issue and share our opinions in the context of Rel-11.
2 Discussion

In Rel-10, RACH can only be performed in PCell. In Rel-11, however, with the introduction of multiple TAs, RACH should also be considered for SCell(s) in SCell-only TAG for achieving UL timing alignment. Hence, the issue of timing reference cell selection should be discussed for SCell-only TAG in Rel-11.

2.1 Timing reference cell for PCell TAG
The PCell TAG should contain PCell and may also accommodate one or multiple SCells which have the same TA as PCell. In Rel-10, it was agreed that the DL timing reference should be PCell, since RACH is only performed in the PCell. For PCell TAG in Rel-11, in order to maximize backward compatibility, the RA procedure should be bound to PCell, which is the only serving cell on which legacy UEs can perform RACH. As agreed at the RAN2#75 meeting [1], PCell will not be reassigned to other TAG. In other words, PCell is the fixed cell in PCell TAG.
Since PCell can not be deactivated or reallocated to other TAG, it is assumed to be the most reliable serving cell. Thus, it is natural to consider PCell as the timing reference cell in PCell TAG for Rel-11. In Rel-11, the PCell TAG should follow its Rel-10 behaviour, where the initial timing reference is PCell.
Proposal 1: PCell should be the only timing reference cell in PCell TAG for Rel-11.
2.2 Timing reference cell for SCell-only TAG
A SCell-only TAG contains one or multiple SCells, which share the same TA values. The main considerations on how to select a timing reference cell for SCell-only TAG should be focused on perspectives of stability and reliability. Obviously, it is not necessary to configure multiple SCells of the same SCell-only TAG as timing reference cells at the same time, as one timing reference cell is enough to provide timing reference in a SCell-only TAG. Therefore, the eNB should select one SCell DL as the only DL timing reference cell for that TAG, which aims to reduce signalling overhead and complexity of implementation.
Proposal 2: Each SCell-only TAG has only one timing reference cell.
Similar to the PCell TAG case, we think the SCell UL on which RACH was performed should be linked with the SCell DL which is used as the DL timing reference cell for the SCell-only TAG considered. Since the SCell where RACH should be performed is chosen by eNB, and RACH timing is referred to its SCell DL, the SCell DL should naturally be the DL timing reference. In other words, eNB can implicitly inform a UE which SCell DL is the UE’s DL timing reference cell, by requesting that UE to perform RACH on the corresponding SCell UL. Furthermore, since we assume that only one timing reference is configured in the SCell-only TAG, the timing alignment offset in RAR or TAC should be applied to all SCell(s) in the same SCell-only TAG. Thus, the eNB should be allowed to select the most suitable SCell for timing reference and RACH depending on different circumstances, as further discussed in Sections 2.2.1-2.2.3 below.
Proposal 3: In the SCell-only TAG, the DL timing reference cell is the SCell DL SIB2-linked with the SCell UL where RACH was performed.

Proposal 4: eNB can configure the SCell as the timing reference cell by ordering RACH to be performed on this SCell in the SCell-only TAG.
In the following, some potential impacts from (re)selection of timing reference cell for SCell-only TAG are analyzed in detail.
2.2.1 CA deployment configurations
When an eNB is deployed, there will be a number of factors to be considered, such as:
· site planning (e.g. RRHs and repeaters);
· band allocation (intra/inter-band);
· expected coverage range of SCell(s);
The TA of the SCell hosted by the eNB and the repeater may have to be changed, when UE moves into or out of the respective coverage areas of macro and repeater. As a result, the updated TA value of the said SCell may be different from that of other SCells in the same SCell-only TAG. Then, the SCell concerned needs to be reassigned to another TAG. Consequently, if this SCell is set to be the timing reference cell for the TAG, it implies that the reference cell has to be changed to another SCell in the same TAG. Such changes incur additional signalling overhead. Hence, we can conclude that the SCell hosted by eNB and a frequency selective repeater, which refers to the CA Deployment Scenario 5, is not suitable to be configured as timing reference cell of SCell-only TAG containing multiple SCells, such that unnecessary re-configuration of timing reference cell for SCell-only TAG due to possible SCell’s TAG reconfiguration under CA Deployment Scenario 5 can be avoided.
Observation 1: In order to reduce unnecessary change of timing reference cell, SCell hosted by both eNB and frequency selective repeater should not be configured as timing reference cell in SCell-only TAG containing multiple SCells that are not hosted by the same site as this SCell in the same band.
Since UE may move within the network, coverage of SCell should also be considered upon selection of timing reference cell in SCell-only TAG. More specifically, it is more likely that the SCell which has a larger coverage range should be selected as timing reference cell, since larger coverage can provide a more reliable mobility performance and thus reduce the need of re-configuring the timing reference cell.
Observation 2: The SCell with a larger coverage range is preferred to be selected as the timing reference cell in comparison to other SCells in the same SCell-only TAG, which should be left to eNB implementation.
2.2.2 Channel quality
Compared with the SCell with good channel quality, the SCells with bad channel quality in the same SCell-only TAG are more likely to be deactivated. For the sake of avoiding unnecessary re-configuration and thus additional signalling overhead, it is reasonable that eNB should take channel quality of SCells into account when selecting the timing reference cell of the SCell-only TAG.
In this case, CQI reporting may be exploited for assisting in choosing an appropriate activated SCell as the timing reference cell in the SCell-only TAG. In addition, RRM measurement results may also be used for facilitating the selection of a proper configured/activated SCell to be the timing reference cell in an existing or newly created SCell-only TAG. Generally speaking, when channel quality of the timing reference cell does not meet the minimum performance requirement, RACH failures are foreseen. Therefore, channel quality should be one of the factors for triggering selection/reselection of timing reference cell in SCell-only TAG.

Observation 3: Channel quality of SCell should be considered for selection/reselection of timing reference cell in SCell-only TAG.

If the TAT associated with a SCell-only TAG expires, RACH should be performed to recover UL timing alignment for the SCell-only TAG concerned [2]. The expiry of TAT may be caused by unsuccessfully receiving/decoding the TA value sent from eNB. This implies that at that time the channel quality of the timing reference cell for the SCell-only TAG may not be good enough. Thus, eNB should consider whether RACH should be performed on the previous RA SCell (which is also the previous timing reference cell) or on another SCell. Since CQI/PMI/RI reporting configuration for the SCells is maintained during the expiry of the TAT, a SCell of better channel quality than the previous timing reference cell may be selected as the new timing reference cell in this TAG. In other words, the timing reference cell may be changed to another SCell of this SCell-only TAG in an attempt to reduce the probability of further RACH failures.

Observation 4: Channel quality of SCell in SCell-only TAG should be considered for reselecting timing reference cell when the TAT associated with the same SCell-only TAG expires.

2.2.3 (Re)Selection of timing reference for TAG (re)configuration
If a configured SCell is activated and can not be assigned to any existing TAG, a new TAG should be created for this SCell. In this case, RACH is needed for this SCell, which should become the timing reference cell of the newly created TAG.

Similarly, when an activated SCell can not be assigned to any existing TAG due to its different TA value, eNB should assign it to a newly created TAG. This SCell should then become the timing reference cell of the newly created TAG.

Observation 5: If only one SCell is assigned to a newly created TAG, this SCell should become the initial timing reference cell of this newly created TAG.

If the UE is configured with one or more SCells, the network may activate and deactivate the configured SCells when needed, while keeping the PCell always activated. The network activates and deactivates the SCell(s) by exploiting the Activation/Deactivation MAC CE [3]. Since the SCell served as the timing reference cell in SCell-only TAG may be deactivated in some cases, the timing reference cell may be changed to another SCell in the same SCell-only TAG for maintaining UL timing alignment for all SCells in the same SCell-only TAG.
Moreover, if a newly activated SCell is assigned to an existing SCell-only TAG, the timing reference cell of this SCell-only TAG may be changed to this newly joined SCell, based on specific considerations such as deployment configurations and/or channel quality.

From the above analysis, we note that:
Observation 6: Timing reference cell of SCell-only TAG may be changed due to TAG change, new SCell activation or SCell deactivation.
Hence, we propose that:
Proposal 5: Change of timing reference cell in SCell-only TAG should be supported in Rel-11.
Proposal 6: If the SCell serving as the time reference of the SCell-only TAG is deactivated or changed to other TAG, and no RACH is ordered by eNB to be performed on any SCell in SCell-only TAG, selection of new timing reference cell should be left to UE implementation.
Furthermore, we believe it is necessary to support Radio Link Monitoring (RLM) for an activated SCell configured as the timing reference cell, which helps to avoid using incorrect timing setting for UE’s uplink transmission. If RLM for the SCell in the SCell-only TAG is not supported in Rel-11, it is obviously that this SCell may not be reliable enough to be qualified as the timing reference in that SCell-only TAG.

Proposal 7: RLM should be supported for the activated SCell configured as the timing reference cell in SCell-only TAG.
3 Conclusion
In this contribution, we have discussed issues for timing reference cell selection. Based on the detailed analysis provided, we suggest that following proposals are considered and agreed:
Proposal 1: PCell should be the only timing reference cell in PCell TAG for Rel-11.

Proposal 2: Each SCell-only TAG has only one timing reference cell.

Proposal 3: In the SCell-only TAG, the DL timing reference cell is the SCell DL SIB2-linked with the SCell UL where RACH was performed.

Proposal 4: eNB can configure the SCell as the timing reference cell by ordering RACH to be performed on this SCell in the SCell-only TAG.
Proposal 5: Change of timing reference cell in SCell-only TAG should be supported in Rel-11.
Proposal 6: If the original time reference of the SCell-only TAG is deactivated or changed to other TAG, and no RACH is performed in any SCell in SCell-only TAG, selection of new timing reference cell should be left to UE implementation.
Proposal 7: RLM should be supported for the activated SCell configured as the timing reference cell in SCell-only TAG.
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