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1 Introduction
As part of the CA enhancements WI, RAN2 is discussing extensions of carrier aggregation functionality in Release 11. One of the key elements omitted from Release 10 was uplink carrier aggregation of carriers requiring different timing advances. Carrier aggregation with different (multiple) timing advances is considered necessary for scenarios involving repeaters and remote radio heads. 
RAN2 has discussed support of multiple TAs at RAN#73bis [1]. The direction taken in RAN2 can be summarized as follows:

· Support of multiple TAs will be required at least for uplink aggregation in the non-colocated scenarios (i.e., scenarios 4 and 5).

· A procedure consisting of RACH to SCell will be developed by RAN2, for acquisition of the alternate TAs.
This contribution considers some of the questions related to support of multiple TAs tries to propose reasonable alternatives. 
2 Discussion

2.1 Number of TAs to support
One of the issues to be considered is the number of different timing advances the UE is expected to support. In the most general interpretation, the UE supports aggregation of up to 5 carriers each of the carriers requiring a different TA. However,
· The number of TAs that need to be supported by the UE depends on a clear understanding of which scenarios require multiple TAs. Suppose that multiple TAs are required only for non-colocated scenarios (scenarios 4 and 5). Then it would be very unlikely that the UE will be served by eNBs/RRHs/repeaters at different locations on each CC; that is, it will be unnecessary to maintain 5 different TAs. On the other hand, if multiple TAs are required even for collocated scenarios (scenarios 2 and 3), it is possible that the UE will need to maintain more than 2 different TAs (could be even up to 5).
· The UE complexity for supporting up to 5 TAs needs to be carefully considered. In addition to any L1 impact (which RAN1 will have to analyze) the UE would have to maintain independent TA timers. Actions when SCell TA timers expire will have to be defined.

Proposal 1: RAN2 should first understand (a) scenarios that require multiple TAs and, (b) the UE complexity associated with acquiring and maintaining multiple TAs before deciding on the number of different TAs to support.
2.2 Scenarios that require multiple TAs

From the point of view of supporting different TAs, we group scenarios as follows:
1. Intra-band collocated scenario (scenario 1)

2. Inter-band collocated scenarios (scenarios 2 and 3)

3. Non-collocated scenarios (scenarios 4 and 5)
It is clear that for the non-collocated scenarios, multiple TA support is necessary. 

UL aggregation in scenario 1 is already supported in Release 10 and no need was seen for multiple TAs in this scenario. We assume that the same applies for release 11.

For inter-band collocated scenarios, the propagation characteristics for different bands can be different. However, in our understanding, the differences are not large enough to require different TAs.
Proposal 2a: Multiple TA support is needed for non-collocated scenarios.

Proposal 2b: Multiple TA support is not needed for collocated scenarios.

Procedural aspects of acquisition and maintenance of multiple TAs

RAN2 has agreed that acquisition of TAs for SCells (when applicable) will be by means of a RACH procedure to the SCell. Below we address the issues of how such a TA acquisition procedure is triggered and how the timing is maintained.
We assume that the TA acquisition is done only by network order. That is, the UE does not autonomously decide to acquire TA on an SCell. This would also imply that if no up to date TA is available for an SCell (TA has not been obtained or has expired), the UE is not allowed to perform any uplink transmissions on that SCell.
Then there are two options for acquiring TA on an SCell:
1. When configured (RRC reconfig) with an SCell that requires a different TA, UE performs a RACH procedure to acquire TA. After the RACH procedure is completed, the UE sends a message indicating successful acquisition of TA for the SCell and configuration of the SCell (reconfig complete).
2. UE does not acquire TA when SCell is configured. Subsequent to SCell configuration, eNB can send an order to acquire TA for the SCell. UE performs RACH and acquires timing. We refer to this option as SCell PDCCH order.
The first option is very similar to the handover procedure and the second option is very similar to the PDCCH order.
The first approach implies that the UE maintains UL timing as long as the SCell is configured. Note that due to timing drift, the TA will need to be updated to maintain timing alignment. If the network keeps the UE configured for periods that are longer than when it is actually scheduled, the only way to keep the UE timing aligned would be to have the UE perform a RACH procedure. If autonomous RACH by UE on SCell is not allowed (assumption above), then the network would have to order the UE re-acquire timing, based on expiry of a TA timer. Thus, even with the first option, it would be necessary to have a mechanism to order the UE to acquire SCell TA. Furthermore, it preferable to obtain UL timing “when needed” i.e., when the network intends to actually schedule using the SCell. Therefore we think the second option is more sensible.
The following sequence of events shows how option 2 works in practice (Alt 1):

1. Network configures SCell requiring a different TA. UE applies configuration and sends a configuration complete.
2. Network activates SCell (when network intends to schedule data on the SCell). UE completes activation of SCell.
3. Network orders UE to acquire TA for SCell (if network intends to schedule on SCell UL). UE performs RACH procedure to acquire UL timing. This step is performed only if the UE does not have an up to date TA for that SCell (TA not obtained or TA timer has expired).
4. Network schedules UE on SCell UL.

A slightly different approach (Alt 2) where the TA acquisition happens before the activation can also be considered. That is, step 3 is performed before step 2. However, this would require the network to send (and UE to receive) an SCell PDCCH for an SCell that is not activated. Since the UE is not monitoring PDCCH for the SCell when it is not activated, the SCell PDCCH order would have to be sent on a cell that is already activated (e.g., the PCell) and will have to identify the SCell for which the UE needs to perform TA acquisition. Alt 2 does not provide any advantage over Alt 1 in terms of the time before which UE can be scheduled on the UL. The specification of Alt 1 seems to be simpler.
Proposal 3a: The configuration of an SCell and acquisition of TA for the SCell are independent procedures. The UE shall acquire TA for an SCell only based on a network order. 
Proposal 3b: The TA acquisition procedure is applied only to activated SCells.
3 Summary
We have considered the some issues related to support of multiple different timing advances for uplink carrier aggregation. RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 should first understand (a) scenarios that require multiple TAs and, (b) the UE complexity associated with acquiring and maintaining multiple TAs before deciding on the number of different TAs to support.

Proposal 2a: Multiple TA support is needed for non-collocated scenarios.

Proposal 2b: Multiple TA support is not needed for collocated scenarios.

Proposal 3a: The configuration of an SCell and acquisition of TA for the SCell are independent procedures. The UE shall acquire TA for an SCell only based on a network order. 

Proposal 3b: The TA acquisition procedure is applied only to activated SCells.
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