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Introduction 
RAN groups are currently discussing  the need to support multiple TA operation for LTE-A carrier aggregation. 
RAN2 has sent a LS to RAN4 in [1] asking whether multiple TAs are required in some possible carrier aggregation deployment scenarios (derived from [2]), in particular for some expected inter-band combinations [3].
In parallel to this, an email discussion has been started [68b#23] to initiate the analysis of the potential complexity in supporting multiple TAs for CA. This contribution aims at adding some further considerations on this topic, on top the ones being discussed over the email reflector, in particular on:
· UL CCs grouping

· DL/UL CC linkage
· RACH procedures
2
Discussion
2.1
UL CCs grouping
If multiple TAs are finally considered as required, there seems to be some consensus that ‘TA groups’ should be defined: 1 TA offset should be common to a group of UL CCs. 
It is also commonly understood that one of the most typical cases for multiple TAs, and then multiple TA groups, is the use of different frequency bands for different CCs. As a consequence, some companies are proposing to limit the possibility to define multiple TA groups to the case of multiple frequency bands, i.e. at most one TA group per each band.
However, we believe that defining one TA per band would put a sort of artificial restriction in the specification, limiting the number of CA scenarios that could be supported, without any real saving in terms of possible additional complexity.
Our view is that the definition of TA groups should be left to the network and communicated to the UE via RRC signalling.  For example, when a new UL CC is configured, the network could inform the UE whether the TA for this CC should be inherited from another CC (i.e. the new CC is part of an existing TA group) or whether a new one is applicable (i.e. the new CC is part of new TA group)
In case the UE is informed that the additional UL CC belongs to a different TA group, the UE should obtain UL sync for the added UL CC before UL transmission can take place on that UL CC.
Note:
The suggested method to define TA groups allows the definition of TA groups per UE, but obviously does not preclude the option to define TA groups per cell.

In conclusion what is proposed is:
Proposal 1: If multiple TAs are required, ‘TA groups’ should be defined

Proposal 2: The definition of different TA groups should be left to the network (and not constrained to ‘at most one TA group per each band’)

Proposal 3: When a new UL CC is configured, the network should inform the UE whether this CC is part of an existing TA group or the first one of a new TA group (for which a new TA needs to be acquired)
2.2 DL/UL CC linkage
There seems to be some consensus also on the fact a mechanism is needed for the UE to determine which DL reference to use when applying the TA offset for a given UL CC. 

It has been noted that this might be required not only when multiple TAs are considered, but also for the single TA case, i.e. when sub-frame timings of the different (DL, and then UL) CCs are not aligned. More in general, it seems that some DL/UL CC linkage for all the configured CCs is useful also for other reasons, and not only for TA issues.
The simplest and natural approach to define a DL/UL CC linkage for the CA feature is that a fixed one-to-one mapping is defined between UL and DL CCs. In this case, for each UL CC, the UE automatically knows with respect to which DL CC it should apply the TA offsets. 

This works if there is a single TA offset (i.e. if the network defines only one ‘TA group’), even if the sub-frame timings of the different CCs are not aligned. But this works also if there are multiple TAs, i.e. if the network defines more than one ‘TA group’: for each UL CC, the UE will apply the common TA offset for the ‘TA group’, but with respect to corresponding DL CC.

However, one pre-requisite for this one-to-one mapping rule is that another principle discussed over the email reflector is finally agreed, i.e. that the number of configured UL CCs is always lower or equal to the number of configured DL CCs.
The one-to-one DL/UL CC mapping could be defined per UE. However this does not seem to add any benefit but just introduce additional complexity, so that the mapping could be finally defined per cell.

In summary, what is proposed is:

Proposal 4: The number of configured UL CCs should always be lower or equal to the number of configured DL CCs.
Proposal 5: There should be a fixed one-to-one mapping between UL and DL CCs.
Proposal 6: The one-to-one DL/UL CC mapping should be defined per cell
2.3
RACH procedures
Another ongoing discussion related to the multiple TA issue is on the need and complexity to support parallel RACH procedures.
Our view is that for the Handover case and for DL/UL data resuming, in order to reduce latency / maximize throughput, it could make sense to have parallel independent RACH procedures. If DL/UL CCs are paired with a one to one mapping, i.e. if for each UL CC where RACH procedure is initiated there is a unique separate corresponding default DL CC, there would be no interactions or overlapping between two independent RACH procedures. Hence, at first sight, no huge additional complexity for parallel RACH procedures. 

On the other hand, as commented in the email discussion, at least for the Handover case having parallel RACH procedures also has some other implications:

· On handover completion/failure detection (should handover be completed or fail only after all the independent procedures complete/fail?)
· Due to UE’s power shared among several UL CCs (which may result in more handover failures due to power limitations)
In order to simplify things, we could then consider a solution whereby parallel RACH procedures are only applicable for DL/UL data resuming, while for the other procedures (RRC connection (re)establishment and Handover), a single RACH procedure should always be used (unless further evidence is provided of the potential gains of parallel RACH procedures in these cases).
In particular, for RRC connection (re)establishment and Handover , the RACH procedure could be performed on one of the CC pairs which are part of the TA group containing the primary carrier (but not necessarily on the primary carrier).
The selection of the CC pair to use among this ‘primary TA group’ could be simply random, or based on some information coming from the network (e.g. derived from CC coverage, load information, path loss, UL interference, etc.)
Again, in summary, what is proposed is:

Proposal 7: In case of multiple TAs, for DL/UL data resuming parallel RACH procedures should be allowed 
Proposal 8: For RRC connection (re)establishment and Handover, a single RACH procedure should always be performed (even in case of multiple TAs), on one of the CC pairs which are part of the TA group containing the primary carrier.
3
Conclusion 
In this contribution a number of proposals are made about the multiple TA operation (if this is finally considered as required). The proposals deal with the concepts of UL CCs grouping, DL/UL CC linkage, with a clarification on RACH procedures, and aim at supporting all the needed functionalities while keeping additional complexity to a minimum.
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