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1. Introduction
As part of Carrier Aggregation enhancements considered for Release 11 a support for multiple timing advance values is agreed. This would enable deployment scenarios involving repeaters or remote radio heads and the UE configurations where the transmitters and receivers of the configured serving cells do not need to be collocated. 
In this paper we look at how the Timing Advance Command MAC CE can be extended to support management of multiple timing advance values. 

2. TA Command MAC CE for multiple TA scenarios
Current 36.321 specifications define Timing Advance Command MAC CE which is used by the eNodeB to correct the UE’s uplink timing without previous invocation of the Random Access procedure. For example, an eNodeB implementation can look at the reception timings of PUSCH or PUCCH transmissions and based on those the eNodeB can decide that a correction to the UE’s UL transmission timing is needed.  If the eNodeB can also determine the accurate value for the UL timing correction, the eNodeB can issue to the UE a TA MAC command.
When the UE is configured to operate in Carrier Aggregation mode the TA command would need to indicate the Serving Cell’s uplink identifier so that the UE can apply the TA value to the appropriate uplink radio. For this purpose already defined ServCellIndex [1] can be reused. In the case that timing has to be corrected on more than one UL carrier the TA Command MAC CE could be extended in a way to contain a list of Serving Cell indices with the corresponding list of TA values. However in order to reduce the overhead, instead of the list of Serving Cells a bitmap can be used in a similar fashion as it is in the definitions of Activation/Deactivation MAC CE or in the Extended PHR report [2].  This leads to the following 2 proposals:
Proposal 1: One TA Command MAC CE can signal multiple TA values corresponding to different Serving Cells
Proposal 2: TA Command MAC CE uses bitmap to indicate the presence of TA value for a given Serving Cell 
Each bit in the bitmap would then indicate the presence of a TA value in the MAC CE and the total length of the proposed control element could be implicitly derived based on the number of bits set in the bitmap. This would save 1 byte overhead compared to a CE format where a separate length field indicator is used. 

Proposal 3: TA Command MAC CE in R11 has variable length 
The illustration of the above 3 proposals is shown in Figure 1 (Ci bit indicates the presence of Timing Advance Value for the Serving Cell with ServCellIndex i):
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Figure 1 Proposal for Extended TA Command MAC CE
Another aspect that needs to be considered is if the proposed Extended TA Command MAC CE needs to have its own LCID or not. One possible approach is to reuse the R bit in the existing TA Command MAC CE to indicate the format, but since the proposed CE introduces a fair amount of change and it would also be of variable size, from the specification point of view and easier implementation/testing it seems to be simpler to define and use a new LCID. 
Proposal 4: New LCID is used for the proposed Extended TA Command MAC CE. 
3. Conclusion

Based on discussion in the paper we propose to:

Proposal 1: One TA Command MAC CE can signal multiple TA values corresponding to different Serving Cells
Proposal 2: TA Command MAC CE uses bitmap to indicate the presence of TA value for a given Serving Cell
Proposal 3: TA Command MAC CE in R11 has variable length
Proposal 4: New LCID is used for the proposed Extended TA Command MAC CE
The above 4 proposals are illustrated in the 36.321 CR in R2-112288.
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