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1
Introduction
Multiple TA for CA was discussed [1] and concluded not to be introduced for Rel-10 as scenario 4 and scenario 5 [2] with UL CA are not supported in Rel-10 [3]. With the new CA WID approved in the last RAN meeting and “Specify the support of the use of multiple timing advances in case of LTE uplink carrier aggregation” listed as one of the objectives [4], we discuss the details of supporting multiple TA in this contribution.
2
Discussion
In this section, we re-evaluate the potential issues to introduce multiple TA which have been extensively discussed in [5]. 
2.1
Need of TA group?
In Rel-10, sharing same TA for multiple cells is supported following the assumption from RAN1/RAN4 that same timing advance value can be used at least for component carriers within the same band [6] and also inter-band cells if they are co-located [7]. Supporting per cell TA is seen as unnecessary or even difficult from UE implementation point of view for intra-band cells. It makes sense to support TA group when multiple TA is introduced.
Proposal 1: Support TA group when multiple TA is introduced.

Proposal 2: TA group is indicated upon SCell configuration and RACH related parameters are optionally configured for the cells that eNB intends to have RACH to obtain UL TA.

Proposal 3: Inter-band cells could be configured with same TA group.
Proposal 4: Intra-band cells should not be configured with different TA group. 
Furthermore, realistic scenarios to support multiple TA should be discussed to figure out the maximum number of TA groups to be supported per UE, to simplify UE implementation and testing. To support RRH and frequency selective repeaters, we think at most two TA groups might be enough.
Proposal 5: At most two TA groups are supported per UE.

2.2
Only non-contention based RACH?

To support multiple TA, RACH on SCell needs to be initiated. PDCCH order from the NW can be used as eNB knows whether a new TA is needed after SCell configuration/reconfiguration or HO. Excluding contention based RACH on SCell could significantly simplify the procedure, e.g. avoiding the issue of on-going traffic on other cells mistaken as contention resolution. Contention based RACH in connected mode is used for UL data arrival when no D-SR resource, which could be always done in PCell.
Proposal 6: Only support non-contention based RACH on SCells initiated by PDCCH order with dedicated preamble, i.e. no UE initiated RACH on SCell. 

2.3
Support parallel RACH or not?

From RAN2 standardization point of view, if only non-contention based RACH is to be supported without contention resolution, there might be no much impact to support parallel RACH, however it could be some RAN4 aspects to be checked about different combination simultaneous transmissions. With only non-contention based RACH, no signification delay can be saved, esp. also considering the total number of TA group per UE would be very limited. Unless strong need is proved, not supporting parallel RACH should be taken as baseline.
Proposal 7: No parallel RACH unless strong need is proved. 

2.4
Cross carrier scheduling?
Cross carrier scheduling was introduced with interference avoidance as one of the main motivations. If cross carrier scheduling is configured for an SCell, UE would not monitor PDCCH on the SCell. PDCCH order and RAR would also need to be scheduled from the scheduling cell. As there is no direct linkage between cross scheduling and need of different TA for a cell, it seems there are no reasons to exclude cross carrier scheduling for the scenarios requiring multiple TA.

Proposal 8: Cross carrier scheduling is supported for the scenarios requiring multiple TA.
2.5
DL reference timing?

Even though the DL timing are considered as aligned from MAC viewpoint for DL assignment/UL grant reception and MAC PDU assembly/deassembly, it is pointed out in [8] that there could be “a relative propagation delay difference up to 30 us between two component carriers in inter-band non-contiguous CA”, DL CC as reference timing should be specified for UL timing adjustment.
It was agreed in RAN2 #69bis that “Timing advance command in RACH Msg2: UE shall interprete this timing advance relative to the DL timing of the DL CC on which the Msg2 is received.” [9] for Rel-10 with the assumption of RACH only on PCell and no cross carrier scheduling for PCell. With multiple TA introduced, this might not be applicable anymore when cross carrier scheduling is used for msg2. Using the SIB2-linked DL on which preamble is sent as reference timing would be safer because same would be used for IDLE mode UEs.
Proposal 9: For TA in msg2, SIB2-linked DL on which preamble is sent is used as reference timing. 
2.6
TA signalling and TAT maintenance
Possible alternatives for TA signalling:
Alternative 1: Always include TA for all groups (e.g. 2) when TA is updated for one of the group. A new TA command to be defined to include multiple TAs. 

Alternative 2: Explicitly indicate which group the TA update is related to. A new TA command to be defined to include the group indication, still possible to include multiple TA command in one MAC PDU; one of the 2 reserved bit in the MAC CE can be used if 2 TA groups are specified.  
Alternative 3: Implicitly link to the group where the TA Command is received, current TA command can be reused.
And alternatives TAT maintenance:

Alternative 1: with Alternative 1 above for TA signalling, per UE TAT maintenance would be enough, no further new behaviour to be specified upon TAT expiry.
Alternative 2: with Alternative 2 or 3 above for TA signalling, TAT expiry for each group should be specified. TAT expiry of the group not including PCell should be different from the group including PCell.
All alternatives work and no much overhead difference. 
For small cells under RRH, it is possible TA seldom needs to be updated. Besides, if the eNB is not going to schedule an SCell for long time, there is no need to maintain UL sync for the SCells. Thus it makes sense to have per group TAT maintenance with the behaviour of TAT expiry of each group clearly specified, e.g. only flush HARQ buffer of the concerned group and TAT expiry of the group not including PCell should not notify RRC to release PUCCH/SRS. 
Proposal 10: Explicitly indicate which group the TA Command MAC CE is related to. 
Proposal 11: Per group TAT maintenance, different TAT could be configured for each group.
Proposal 12: TAT expiry of certain group only flush HARQ buffers of the corresponding group of cells.

Proposal 13: TAT expiry of the group not including PCell should not notify RRC to release PUCCH/SRS.
3
Conclusion
The details of supporting multiple TA are discussed in this contribution with the following proposals proposed:
Proposal 1: Support TA group when multiple TA is introduced.

Proposal 2: TA group is indicated upon SCell configuration and RACH related parameters are optionally configured for the cells that eNB intends to have RACH to obtain UL TA.

Proposal 3: Inter-band cells could be configured with same TA group.
Proposal 4: Intra-band cells should not be configured with different TA group. 

Proposal 5: At most two TA groups are supported per UE.

Proposal 6: Only support non-contention based RACH on SCells initiated by PDCCH order with dedicated preamble, i.e. no UE initiated RACH on SCell. 

Proposal 7: No parallel RACH unless strong need is proved. 

Proposal 8: Cross carrier scheduling is supported for the scenarios requiring multiple TA.
Proposal 9: For TA in msg2, SIB2-linked DL on which preamble is sent is used as reference timing. 
Proposal 10: Explicitly indicate which group the TA Command MAC CE is related to.
Proposal 11: Per group TAT maintenance, different TAT could be configured for each group.
Proposal 12: TAT expiry of certain group only flush HARQ buffers of the corresponding group of cells.

Proposal 13: TAT expiry of the group not including PCell should not notify RRC to release PUCCH/SRS.
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