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1. Introduction

Even though it has been agreed in RAN#47 that single TA value will be the main focus in R10, it is important that the principles we agree are extendable to multiple TA when it is introduced. In this contribution, we look at where multiple TA considerations need to be taken to allow multiple TA to be introduced smoothly (e.g. whether the TA operation is operated per UL CC or per UE and whether DL reference CC selection is required). 
2. Discussion
2.1 TA operation
In Rel-8, when PRACH is initiated during initial access or due to UL not synchronised, eNB provides the 11 bit TA value in the Random Access Response.  Subsequently, the eNB estimates UL timer difference accordingly and informs 6-bit TA value offset by TA command in MAC CE. With single TA case, only one TA value is used by all the configured UL CCs.  Hence the same Rel-8 mechanism (i.e. a UE specific TA Command) can be applied. However, if this needs to be extendable to multiple TA, a TA Command specific to UL CCs with identical TA will be more appropriate.  But this discussion can probably be done when multiple TA is introduced.
TA timer is used to identify whether the current UL synchronization is still valid. The TA timer is (re)started after receiving a TA value. On the other hand, when TA timer expires with no new TA value received, UE should consider the current UL synchronization to be not valid and have to perform PRACH to resume the UL synchronization. In the case of CA, there are two options to consider:

· Option 1: one TA timer is shared by all configured UL CCs
· Option 2: each UL CC maintains its own TA timer
Option 1 is sufficient for single TA case and is aligned to the Rel-8 behaviour that the timer is restarted whenever TA Command is received or when a RAR with timing alignment information is received. For multiple TA case, instead of TA timer associated with the TA Command, it is more associated with each TA command for UL CCs with identical TA. Option 2 offers more flexibility to this aspect where each UL CC or group of UL CCs with different TAs maintains its own TA timer. Again it seems like this can be done when multiple TA is introduced.
Observation 1: There is no implication of any hooks or extensions required on TA operation to be done now to support multiple TA in the future.
2.2 PRACH and CC Management
In the single TA case, PRACH is not needed purely for providing the TA value during CC addition if the TA timer is still running.  However, it may still be needed for multiple TA case if the UL CC is not in the same TA with any existing UL CCs. So, CC addition with PRACH not involving handover may be needed for multiple TA case. Further, CC addition involving HO will also need to be supported and this will also require multiple PRACH for the multiple TA case.  Hence 
Observation 2: CC addition with PRACH not involving handover as well as multiple PRACH for HO will be needed for multiple TA scenario but only when it is introduced.  
2.3 Reference DL CC

In Rel-8, the transmission of a UL radio frame is relative to the reception of the corresponding DL radio frame at the UE as extracted from TS36.211.
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For single TA case, every Uplink radio frame for each of the UL CCs will have to be relative to one of the corresponding DL radio frame of a DL CC. All the UL CCs could use a particular DL CC as reference (also sometimes referred to as the reference DL CC) or each UL CC can use a different DL CC as the reference. 
However, in order to keep timing relationship at the eNB across the different UL CCs with identical TA , the downlink subframe timings for the corresponding paired DL CCs (i.e. SIB 2 based related) has to be subframe time aligned as well. It also makes it easier for the UE as a common DL reference can then be used for all the UL CC.
Observation 3: For a single TA case (or UL CCs with identical TA), the paired DL CCs (i.e. SIB 2 linked) to all the UL CCs have to be subframe time aligned
So when PRACH is performed, the DL CC associated with the Random Access Response containing the Time alignment value will be used as the reference DL CC by the UE to align the UL CCs subsequently configured. When the reference DL CC is removed or deactivated, the UE can select any one of the activated DL CCs as reference autonomously based on Observation 2.

Proposal 1: Any activated DL CC can be used by the UE as the reference DL CC for UE UL transmission time estimation

3. Conclusion

It is requested that RAN 2 discuss the following:

Observation 1: There is no implication of any hooks or extensions required on TA operation to be done now to support multiple TAs in the future.

Observation 2: CC addition with PRACH not involving handover as well as multiple PRACH for HO will be needed for multiple TA scenario but only when it is introduced.
Observation 3: For a single TA case (or UL CCs with identical TA), the paired DL CCs (i.e. SIB 2 linked) to all the UL CCs have to be subframe time aligned

Proposal 1: Any activated DL CC can be used by the UE as the reference DL CC for UE UL transmission time estimation
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