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Discussion/Decision 
1 Introduction
In RAN2 #73bis, the general consensus is that multi-TA will be supported in Rel-11 [1]. However, there are some discussions on whether TA grouping is required or not. In this document, we share our view from RACH transmission point of view. And, we also discuss how the TA group is configured if grouping concept is applied in Rel-11 eCA.
2 Discussion
2.1 The necessity of TA group
The current working assumption in RAN1 for Rel-10 CA is to support 5 configured cells.  If no TA grouping is applied, the possible complexities to maintain 5 UL CC timing are 
- More TA timers;

- More RACH transmission at TAT expiry. 
We think more TA timer introduces additional complexity, but it is not a big implementation burden. However, the RACH transmission may impact the UE performance. It is our understanding that there is no such scenario of simultaneous transmission of PRACH and other UL signals on the same cell or different cells from the same UE in Rel-10 and no corresponding UE behaviors were discussed and captured in RAN1 specification when this scenario happens (e.g. PUCCH on Pcell and PRACH on Scell at the same time). If PRACH in Scells is allowed, there may be specification impact on RAN1 and RAN4.
Moreover, when the TAT expiry occurs at Pcell and Scell, UE probably cannot transmit two RACHs simultaneously due to power limitation. This is critical for cell-edge UEs. It takes longer time to restore UL synchronization when UE postpones the RACH transmission (by eNB command or UE internal implementation). More UL RACH transmission would make more UL transmission interruption to UL transmission. And, the concept of grouping might be already in Rel-10 though there is a single TA group. Based on the above discussion, we suggest introducing the “TA group” concept for multi-TA in Rel-11 CA.
Proposal 1: Introduce TA group for multi-TA in Rel-11 CA.
2.2 The number of TA group

In the last meeting, it is agreed that multi-TA should be considered for all the 5 CA deployment scenarios, and most companies think scenario 4 and 5 are the major scenarios for multi-TA. Scenario 4 (RRH) and scenario 5 (frequency-selective repeater) are non-colocated cases. So, the simplest multi-TA grouping could be 2-TA configuration. That is, all Scells that are co-located with Pcell belong to one TA group and the other Scells (RRH cells or repeaters) belong to another TA group. To our understanding, the basic assumption of 2-TA grouping is small cell coverage (100m-200m) of RRH/repeater. If the cell coverage is small, the TA difference between cells in the same group can be absorbed by cyclic prefix of OFDM symbols. We would like to know the comments from operators or eNB vendors if this assumption is valid or not.
Proposal 2: 2-TA group configuration is applied in Rel-11 if the coverage of RRH/repeater is small.
2.3 The configuration of TA group

To our understanding, there are two options for TA grouping when a Scell is newly configured:
· Option-1: TA grouping is assigned after TA value of a Scell is obtained 
· Option-2: TA grouping is assigned when a Scell is configured
In Option-1, eNB does not assign an existing TA group for the newly configured Scell. It sends PDCCH command, estimates the TA value after receiving Scell PRACH preambles sending by UE and then compares the estimated TA value with the TA value in the current TA group. In Option-2, eNB has the knowledge of TA grouping in advance and assign TA grouping when the Scell is newly configured. We think both options can be applied to Scenario 4 and Scenario 5. Option-2 is simpler than Option-1 because the TA grouping and Scell configuration can be done in one RRC message. However, Option-2 may result in unnecessary TA group for Scenario 5.
The basic working assumption of Option-2 is that the TA grouping information can be known in advance. This assumption is valid for Scenario 4. When a newly configured Scell is RRH, eNB can configure it to the TA group consisting of RRH cells. However, for Scenario 5, TA information may not be able to be obtained in advance. One example is shown in Figure 1. UE1 is covered by repeater, but UE2 is cover by a co-located cell. In this case, eNB may not know whether the UE is served by colocated cell or non-colocated cell (i.e., repeater). Appling Option-2 for Scenario 5, the Scell whose frequency band may be relayed by repeater should be assigned to another TA group different from Pcell. 
Repeaters are normally deployed in the bad signal quality areas, such as cell edge or shadowed building. It is our understanding that number of UEs served by repeaters is lower than the number of UEs served by normal cells. Option-2 seems like a conservative one for Scenario 5. Many UE may be configured with 2 TA groups though only one TA group is enough. However, if the TA group number is low (e.g., 2), the unnecessary TA grouping might be acceptable.
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Figure 1: Example of Scenario 5
Proposal 3: RAN2 is suggested to discuss when the TA grouping configuration can be assigned.

2.4 Maintenance of Multi TA

We assume that current model would be reused also in the case multiple TA is needed, i.e. the following: 

Proposal 4: For each UL or set of ULs that may require a TA that is different to Pcell, there would be a separate synchronization state {synchronized, non-synchronized}. 

Proposal 5: For each UL or set of ULs with separate synchronization state, there would be a TA timer. 

Proposal 6: Synchronization state would be set to unsynchronized at TA timer expiry or at handover. 

Proposal 7: TA timer would be reset when the network provides a new TA value for the corresponding UL or set of ULs. 

In Rel-8/9/10, TA timer keeps counting down once starting/restarting. In Rel-11, there is a new scenario that the Scells of the same TA are deactivated. In this scenario, should the timer be stopped or not? If the timer stopped, eNB has to send a PDCCH command to restore UL synchronization. However, if one of the deactivated Scell is back to activated state and the original TA is still applicable (e.g., Scell is only in the deactivated state for a short time), the Scell RACH after activation seems unnecessary. To our understanding, keeping the counter for deactivated Scell does not increase much implementation effort. Therefore, we suggest TA timer does not stop even if the Scells of a TA group are deactivated.
Proposal 8: TA timer does not stop even if the Scells of a TA group are deactivated.

3 Conclusion
In this document, we discuss the necessity of TA grouping. To mitigate the interruption of UL transmission, we suggest introducing the concept of TA group. Our proposals are:
Proposal 1: Introduce TA group for multi-TA in Rel-11 CA.
Proposal 2: 2-TA group configuration is applied in Rel-11 if the coverage of RRH/repeater is small.
Proposal 3: RAN2 is suggested to discuss when the TA grouping configuration can be assigned.

Proposal 4: For each UL or set of ULs that may require a TA that is different to Pcell, there would be a separate synchronization state {synchronized, non-synchronized}. 

Proposal 5: For each UL or set of ULs with separate synchronization state, there would be a TA timer. 

Proposal 6: Synchronization state would be set to unsynchronized at TA timer expiry or at handover. 

Proposal 7: TA timer would be reset when the network provides a new TA value for the corresponding UL or set of ULs. 

Proposal 8: TA timer does not stop even if the Scells of a TA group are deactivated.
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