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1 Introduction

In RAN2#77 meeting, the error case handling of changing the timing reference for an sTAG was discussed but with no consensus reached. In this contribution, we would like to continue the discussion on error case handling for sTAG timing reference changing.
2 Discussion
In RAN2#76 meeting, several agreements were made on sTAG timing reference, including 

	Agreements
1
UL timing is same for all the serving cells within the group (all UL SCells transmit simultaneously)

2
There is at any point in time one DL timing reference per group which is used as reference for the TA command and to lock the UL transmission to (same as PCell for Rel-10).

3
The SCell used as downlink timing reference must be known by the network.

4
The SCell used as downlink timing reference must be in the same time alignment group. 

5
The SIB2-linked SCell where the RA was performed is used as timing reference for all UL SCells in the time alignment group. (error cases still need more discussion)




According to the above agreements, for sTAG, RA procedure is indispensable whenever the timing reference has to be changed; on the other hand, timing reference has to be changed whenever an RA procedure is performed. However, changing timing reference by RA procedure may suffer from the suspension of normal service during RA procedure and sometimes might be unnecessary if the eNB only triggers the RA to check the TA grouping. In this paper, we will mainly analyse whether it is of great necessity to perform RA in order to change the timing reference.
2.1 UL timing jump upon the change of timing reference
The main advantage of changing timing reference by RA is to avoid potential UL timing jump caused by the DL timing difference between different SCells within the same TA group. Although the evaluation of DL timing difference is more a RAN4/1 issue, we will try to analyse it from RAN2 point of view.
The motivation of introducing TA group in Rel-11 is mainly to simplify the maintenance of multi-TA and reduce the numbers of RA procedures. Based on the previous RAN2 discussion, TA grouping method is not going to be standardized. Common methods might be to rely on the bands of the aggregated cells or the deployment scenarios. No matter what method is used, the basic principle shall be that only cells with similar UL timing alignments can be distributed into one TA group. All the cells within the same TA group use the same TA value and can be treated as UL timing aligned. Normally, the UL and DL propagation delay of one cell is symmetrical. Therefore, if the UL timing is almost aligned, the DL timing can also be treated as aligned within the same TA group.
Observation 1: The DL timing can be treated as aligned within the same TA group.
If the DL timing is nearly aligned, then UL timing jump caused by changing the timing reference to the DL of another cell within the same group might not be too large to be tolerated. 
Moreover, as specified in [1] and [2], the UE shall be capable of changing the transmission timing for PUCCH/PUSCH/SRS transmission according to the received downlink frame. When the transmission timing error between the UE and the reference timing exceeds a certain value ((Te), the UE is required to adjust its timing to within (Te. If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment specified above, the UE changes NTA accordingly.
Based on the above analysis, the actual UL timing jump can be reduced by UE autonomous adjustment and might not be fatal at the eNB if the timing reference is changed to the DL of another cell from the same TA group.
Observation 2: The UL timing jump upon the change of timing reference will not be a problem to the eNB.
2.2 Timing reference changing scenarios
As approved in RAN2#76, the timing reference for an sTAG must be from the same TA group. Unlike the PCell, the timing reference SCell might be deactivated or even released according to the service requirements and its channel quality. Besides that, if the SCell becomes UL timing unaligned with other SCells within the same TA group, the SCell shall be regrouped. 
Considering the aggregated SCells are kind of additional radio resources and usually have similar quality, we wouldn’t recommend in specializing the timing reference SCell, e.g. to keep the SCell activated until all the other SCells are deactivated, which might not be feasible if the SCell suffers from poor quality suddenly.
Observation 3: The timing reference change for an sTAG cannot be avoided.
The scenarios to change the timing reference for an sTAG can fall into several cases.
· Case 1: The timing reference SCell is deactivated.
In Case 1, the SCell might be deactivated explicitly by the eNB or implicitly upon the expiry of its deactivation timer. Regardless of explicit or implicit deactivation, the most likely reason is that the eNB detects the reduction of service requirements or the SCell in bad quality. For implicit deactivation, one error case is that PDCCH missing makes the timer expire unexpectedly. Actually, the other activated SCells within the same TA group are in normal status and the TA value can be considered as valid if the TA timer is running. As analysed in 2.1, in this case the UE can select a well-defined activated SCell within the same TA group, e.g. with the smallest cell index, as DL timing is also aligned in one TA group. There seems no strong need to perform RA and suspend the ongoing UL transmission.
· Case 2: The timing reference SCell is released.
In Case 2, the eNB might release the SCell by RRCConnectionReconfiguration message upon detecting service requirements reduced or poor quality of the SCell. Similar to Case 1, the UE can choose the activated SCell with the smallest cell index as the timing reference, so the UL transmission could be continued and RA procedure is not needed.
· Case 3: The timing reference SCell is regrouped.
In Case 3, the TA of the reference SCell might become different from that of other SCells in the same group, then the TA group shall be reconfigured by the eNB. The most likely scenario is shown in Fig.1. When the UE is at A, the eNB groups SCell1 and SCell2 into one TA group sTAG1 and SCell1 is used as timing reference. However, when the UE moves to B, the TA of SCell1 will be dramatically changed due to the repeater, which leads to the change of the reference.
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Fig.1

In this case, the eNB shall reconfigure SCell1 and SCell2 into different TA groups and trigger RA procedures if needed. We also believe that the previous TA of sTAG1 is still valid to SCell2 if the TA timer is running, and RA procedure on SCell2 might not be needed if the eNB keeps SCell2 in sTAG1 and regroups SCell1 to another group. On the other hand, if the eNB has the knowledge of repeater deployment and always separates SCell1 and SCell2 into different TA groups, then the reference changing caused by TA regrouping might be avoided accordingly.
Considering the above cases, we think that 
Observation 4: The RA procedure is not indispensable if the timing reference has to be changed.

Based on the analysis above, we propose that
Proposal 1: Changing the timing reference for sTAG without RA procedure shall be allowed.
2.3 Timing reference changing without RA procedure
If the timing reference can be changed without RA procedure, the UE can choose an activated SCell within the same TA group as the reference if well-defined. Possible alternatives are analysed as follows.
· Alt 1: When the SCell where RA was performed cannot be used as the reference any more, the UE uses the activated SCell with smallest cell index in the same TAG as timing reference.
· Alt 2: Always use the activated SCell with smallest cell index in the same TAG as timing reference, i.e., not the SIB2 linked DL SCell where RA was performed.

Generally, both of the above Alts are feasible in our opinion. If the eNB triggers RA procedure on the SCell with the smallest cell index at the very beginning, then the two Alts have no difference. We have a slightly preference to Alt2 since it seems more consistent from the specification maintenance aspect. However, we have to revisit the previous agreements made in RAN2#76 meeting if Alt2 is accepted.
As analysed above, we suggest that
Proposal 2: The UE shall always use the activated SCell with smallest cell index in the same TAG as timing reference.
3 Conclusion

In this contribution, we discuss the changing of timing reference for sTAG. We kindly ask RAN2 to consider the above problems and the corresponding proposals listed below.
Proposal 1: Changing the timing reference for sTAG without RA procedure shall be allowed.

Proposal 2: The UE shall always use the activated SCell with smallest cell index in the same TAG as timing reference.
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