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1. Introduction

It was agreed in the last RAN 2 meeting that TA group concept is introduced to handle multiple TA. However, TA group concept brings about a couple of new issues. One of the issues raised [1] is that the TA group in which a SCell will be placed depends on the position of the UE. Furthermore, the UE may move in and out of a repeater and thus the TA group of an SCell may change during the lifecycle of the UE connection.
In this contribution, this is further studied and proposals are made.
2. Discussion
2.1 Scenarios where sudden change of TA may occur
In RAN 4 LS [1], it is observed that the 2-3% of the cases in Scenario 2 and 3 in TS36.300 Annex J may require multiple TA. However, it is not clear how these 2-3% of the cases occur and whether these cases will result in significant performance degradation on the link performance. Furthermore, it is also raised by [2] that the network may not know in Scenario 5 whether the UE is in the main coverage area or in the repeater coverage area. Only if the UE is in the repeater coverage area that multiple TA is needed. Currently, repeaters are band specific and are known to the operator and thus can be coordinated by the operator for CA purpose. However, there were some concerns from operators that it may not be future proof to make this assumption (i.e. uncoordinated repeater (i.e. repeaters are not tracked) has to be taken into consideration). In Section 2.2, we investigate further on the detection of sudden TA change for the repeater case. 

2.2 Detection of sudden TA change for the repeater scenario
In Rel-8/9 with no CA, repeater may also be placed on a single cell. Hence a UE can move from the main cell coverage area to the repeater coverage area and vice versa. If it is coordinated, the network can ensure that the signal via the repeater is offset by a certain UL delay to ensure that the UL transmission from the repeater is aligned with the UL transmission of the other UEs in the main coverage area. Otherwise (if the repeater is uncoordinated), the eNB will somehow have to detect that the UE is UL out-of-sync either when it enters the repeater coverage from the main coverage area or leaves the repeater coverage back to the main coverage area. Hence this problem already exists in non-CA scenario and is left to the eNB implementation to detect and resolve the situation.

In Rel-10 with CA, this was briefly discussed basically to find out whether the eNB can prevent UL CA in repeater scenario. It is not clear from the discussion but at least the offset method as mentioned in the no CA case can be used in the coordinated case. For the uncoordinated case, it seems like it is assumed that repeaters are band specific and hence CA is prevented in those bands with potential repeaters. Again, the uncoordinated case is also not resolved in the CA context in Rel-10 and is left to the eNB implementation to detect and resolve the situation if it occurs.
Observation#1: The issue in which there is a sudden change in TA value already exists in Rel-8/9 single cell case with repeater scenario. It is left to the eNB implementation to detect and resolve the sudden change in TA when the UE enters or leaves the repeater coverage.
Observation#2: In Rel-10, it is again left to either the deployment or the eNB implementation. 

2.2.1 Grouping based on known deployment characteristics

Based on Observation#2, instead of preventing CA, if the eNB knows the deployment scenarios (e.g. Scenario 1-5 in Annex J.1 of TS36.300 or mixture of the Scenarios), the eNB can decide on how to group to avoid the change of TA group. For example, if the frequency band or carrier of the PCell or SCells may contain repeaters, a separate TA group can be used for the PCell or SCells so that the PCell or SCell does not need to change from 1 TA group to another. However, the gain on TA grouping disappears (i.e saving on overhead etc.). For the uncoordinated case (e.g. repeaters are not band specific and ad hoc), the eNB can always go with 1 cell per group.
Observation#3: If eNB knows the deployment characteristics, TA group change can be prevented by eNB implementation via always creating a separate group for serving cell which may contain repeater.
2.2.2 Grouping based on eNB detection
Based on Observation#1, eNB can already detects sudden TA change in Rel-8/9. There are the following 2 situations that may arise:
(a) SCell on Scell/PCell group has sudden TA change (UE enters/leaves the repeater coverage of the SCell)
(b) PCell on PCell group has sudden TA change (UE enters/leaves the repeater coverage of the PCell)
For (a), upon detection of TA change of a SCell, the eNB can either reconfigure or release/add the SCell in a separate group and the latter follows the SCell configuration procedure. 
For (b), upon detection of TA change of a PCell, the eNB can send a PDCCH order on the PCell to initiate a RACH on the PCell. Upon successful RACH on the PCell, the eNB can either reconfigure or release/add the SCells in the PCell group and the latter follows again the SCell configuration procedure.

The handling of periodic SRS resources depends on whether per UE or per group TAT is agreed and is discussed in [3].

Observation#4: Even if eNB does not know the deployment characteristics, TA group change can still be made to work by simple eNB implementation

Based on Observatio#3 and #4, it is in our view that eNB implementation should be seen at least as the baseline to solve the TA group change problem. Any enhancement (e.g. UE assisted info etc.) should be discussed only if it is necessary. Hence it is proposed:

Proposal#1: Detection of sudden TA change and TA group change should be left to eNB implementation as a baseline.
2.3 How to determine the TA group during SCell configuration  

There are 3 options of deciding which TA groups a configuring SCell should be placed:
Option 1: RRC signalling based on eNB knowledge of deployment characteristics

Option 2: RACH (via PDCCH order) for every newly configured SCell to determine the TA Group
Option 3: Combination of Option 1 and 2 
In Option 1, TA group of a configured SCell is pre-assigned in the RRC Connection Reconfiguration message. So if a configured SCell is assigned to an existing TA group, then the SCell will use the TA value for the existing TA group. If a configured SCell is assigned to a new TA group, the UE will assume that there is no valid TA value and the UL SCell is UL out-of-sync in the case of per group TAT or there is a default TA value (e.g. 0) and the UL SCell is UL in-sync in the case of per UE TAT. 
In Option 2, TA group of a configured SCell is allocated on a new group in the RRC Connection Reconfiguration during SCell configuration. The real TA group is only assigned once the eNB knows which group the SCell should be in after calculating the TA from the RACH on the SCell which mean that every SCell is configured with RACH configuration. The TA group is then assigned after the PRACH via an explicit RRC signalling.
In Option 3, both of the methods in Option 1 and 2 are used. If a configured SCell is assigned to an existing TA group, the SCell will use the TA value for the existing TA group. If the eNB is unsure of the TA group (e.g. because of uncoordinated repeater deployment etc.), it assigns a new group to the SCell as in Option 2.
Option 3 is needed if the eNB does not know whether the UE is in the repeater or the main coverage areas. In other cases, pre-assigned TA Group can be done via RRC signalling to save on having to perform RACH for every SCell configuration. Option 3 is the most flexible and hence it is proposed that:
Proposal#2: The placement of a newly configured SCell in which TA group can be left to eNB decision: RRC signalling based on deployment characteristics can be used for SCell configuration but if eNB is unsure of the deployment scenario, it can perform RACH to select the TA group for a SCell.

3. Conclusion

It is requested that RAN2 discusses the following proposal:
Observation#1: The issue in which there is a sudden change in TA value already exists in Rel-8/9 single cell case with repeater scenario. eNB already needs to detect this in Rel-8/9. 

Observation#2: In Rel-10, UL CA is prevented in frequency band potentially containing repeaters. 

Observation#3: If eNB knows the deployment characteristics, TA group change can be prevented by eNB implementation via always creating a separate group for serving cell which may contain repeater.

Observation#4: Even if eNB does not know the deployment characteristics, TA group change can still be made to work by simple eNB implementation

Proposal#1: Detection of sudden TA change and TA group change should be left to eNB implementation as a baseline
Proposal#2: The placement of a newly configured SCell in which TA group can be left to eNB decision: RRC signalling based on deployment characteristics can be used for SCell configuration but if eNB is unsure of the deployment scenario, it can perform RACH to select the TA group for a SCell.
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