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1 Introduction

At the RAN2#74 meeting, the issue of UL TA grouping for CA enhancement in Rel-11 was discussed. The agreements were as following [1]:
	Agreements:
1: 
Introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value. A group could consist of one serving cell.

2: 
The relationship between configured CC and TA Group should be configured by eNB

3: 
TA maintenance mechanism of PCell TA group remains same as Rel-10


However, the issue of the number of TATs for TA grouping still remains open. In this contribution, we analyze this issue and share our opinions in the context of Rel-11.
2 Discussion

2.1 Number of TATs
As we know, the TAT is used to count the elapsing time since the last moment that the UE synchronized with its serving cell in UL. In other words, it assists the UE to maintain the UL synchronization state of serving cell. In Rel-10 CA framework, a single TAT is used to maintain UL timing alignment with PCell and other intra-band SCell(s), since only one TA value is adopted for UE’s all serving cells. However, Rel-11 CA is expected to support not only intra-band CA in UL/DL and inter-band CA in DL as defined in Rel-10, but also to support inter-band CA in UL. Furthermore, extending the Rel-10 CA framework to accommodate serving cells hosted by non-collocated sites (e.g. RRHs, repeaters) are also being considered in Rel-11. 
Due to the aforementioned new scenarios and requirement in Rel-11 CA, the TA offset between SCell and PCell hosted by different sites, or operated on different bands may vary depending on UE’s position. Therefore, it may be difficult to share only one TA value for all serving cells in Rel-11 CA scenarios. In order to tackle this issue, the concept of TA grouping will be introduced in Rel-11 [1]. Considering the relationship between TAT expiration and the validity of TA value, we shall appropriately define the number of TATs for Rel-11 CA. 
Number of TATs is mainly subject to how to maintain UL timing alignment among all TA groups. In the last RAN2 meeting, two major options were discussed concerning the number of TATs [1]:
· Option 1: One common TAT per UE, and
· Option 2: One TAT per TA group.
Noted in CA Scenarios, the eNB may not need to simultaneously send TA adjustment commands for multiple TA groups for UE, because in such scenarios the UL transmissions of serving cells are received by eNB and RRH sites, and/or different bands deployment, respectively, which resulting in different Time of Arrivals (ToA) and Time advance (TA). More specifically, the TA values of serving cells may not change uniformly or simultaneously. In addition, the synchronization states may possibly be misaligned over all UL CCs of one UE, i.e. UE achieves synchronizations with some of the serving cells while the others not. Since a TA group is composed by serving cells with same TA value, we believe that the TA values of different TA groups may not change uniformly or simultaneously.
Observation 1: The TA values of different TA groups may not change uniformly or simultaneously.
Based on above observations, it seems that the Option 2, i.e. One TAT per TA group, is more suitable for its fine granularity enabling individual management of UL synchronization state of each TA group. Additionally, detailed comparisons between the Options for number of TATs are presented in next section.

2.2 Candidate TAT schemes
Regarding to the Option 1, namely one common TAT per UE, there are two possible trigger conditions for TAT reset, which is Option 1-1 and Option 1-2 as follows:
· Option 1-1 : One common TAT per UE, which is reset only upon receiving the TA command for the TA group containing PCell;

· Option 1-2 : One common TAT per UE, which is reset upon receiving TA command for any TA group.

In the following discussions, we will compare the Option 1-1 with Option 2. Meanwhile, we assume that there are two TA groups A and B for one UE, more specifically, group A including PCell while group B inclduing only SCell(s). 
Case 1: Option 1-1 VS Option 2
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Fig. 1: The illustration of Case 1.
As Fig. 1 shows, in the case of Option 1-1, the TAT will not be reset until UE receives TA command for TA Group A. In other words, UE will assume UL synchronized for all its TA groups as long as a TA command for TA group A is continuously received. However, there exists a risk of mismatch in UL timing status between the UE and the network. More specifically, before the common TA timer expires, even if the TA value of TA Group B becomes outdated, the UE will not be able to identify the loss of UL timing alignment.
Concerning Option 2 for the same case, if TAT 1 keeps running as UE continues to receive TA command for TA Group A before expiration of TAT 1, but TAT 2 expires without receiving TA command for TA Group B, then SCells in TA group B will lose UL time alignment. Thereby, no mismatch between stats of these two TA groups is foreseen in this case. 
Case 2: Option 1-2 VS Option 2
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Fig. 2: The illustration of Case 2.
As Fig. 2 shows, in the case of Option 1-2, the common TAT will be reset when UE receives TA command for TA group A and/or B. In this case, the UE considers all serving cells are UL timing aligned as long as it receives a TA command for any TA group. This may be problematic, since the UL time alignment statuses of multiple TA groups may not be the same in Rel-11 CA scenarios.

Concerning Option 2 for the same case, the expiration of TAT 1 would not affect TAT 2, which will be running as long as UE continuously receives TA command for TA Group B before expiration of TAT 2. In this case, the multiple TATs can be used to separately control UL time alignment statuses of all TA groups.
Obviously, for accuracy of UL time alignment state for each TA group, TAT per TA group scheme is higher than common TAT per UE. In other words, in order to achieve the same effect as the scheme of TAT per TA group, the signalling period of the common TAT per UE scheme has to be shorter to avoid potential loss of synchronisation in one of the cells. This inevitably results in a higher signalling overhead for TA command. Our observations are summarized in Table 1 as below.
Table 1: Analysis on candidate TAT schemes.
	
	Common TAT per UE
	TAT per TA group

	Adjustment interval for TA value
	Shorter than Rel-10
	Can be same as Rel-10

	Signalling overhead
	Higher
	Lower

	Accuracy of UL time alignment state for each TA group
	Lower
	Higher

	TA command
	One TA value per TA command; multiple TA values per TA command can also be used
	One TA value per TA command; multiple TA values per TA command can also be used

	SCell deactivation
	Can not deactivate SCells
	Can control deactivation of SCells in the TA group containing SCells only by dedicated TAT


Observation 2: Compared with the scheme of common TA timer per UE, it is more suitable to use the scheme of TAT per TA group for UL time alignment with all serving cells in Rel-11.
To ensure that time-misaligned SCells of UE do not perform any uplink transmission except for random access, TAT per TA group should be configured for UE. In other words, all TA groups should have their dedicated TA timer.
Proposal 1: UL time alignment state of each TA group should be maintained by its dedicated TAT in Rel-11.
2.3 Actions for TAT of TA group expiry
Based on our proposal for using TAT per TA group in Rel-11 CA, we further investigate the actions triggered by the expiration of the TATs.
Case 1: Expiry of TAT of TA group including PCell
In last meeting, RAN2 has achieved the consensus that the TA maintenance mechanism of the TA group containing PCell shall remain same as Rel-10. More specifically, such mechanism is consisting of the following actions triggered by TAT’s expiration as defined in Rel-8/9/10[4]:
-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants.
Compared with actions for PCell, we think that it is suitable that all UE’s SCells should be deactivated upon TAT of TA group including PCell is expired .In this case, any UL transmission (e.g. UL grants, PUCCH and SRS) should not be sent through PCell and SCells. 
Proposal 2: All SCell of UE should be deactivated upon TA timer of TA group including PCell is expired.
Case 2: Expiry of TAT of TA group including only SCell
In this case, the abovementioned Rel-10 mechanism can not be fulfilled completely. Because the expiration of TAT of TA group including only SCells doees not impact on other TA gourps, e.g. TA gourp including PCell. Therefore, the PCell is still kept UL time alignment, which means the UL control channel in PCell is still workable. Consequently, the UE maintains its data transmission to other serving cells. 
Thereby, it is reasonable that all UL SCC in the TA group including only SCells should be deactivated at first, which aims to avoid UL non-synchronization transmission. Afterward, it may be necessary that the network initiates RA procedure on deactivated SCCs to recover UL synchronization, likely to satisfy bandwidth requirement for current traffic. In other words, deactivated SCCs may be reactivated after its associated TAT expired.
Proposal 3: If TA timer for TA group including only SCells is expired but TA timer of TA group including PCell is still running, serving cells of this TA group should be deactived at first, and then network initiated RA procedure may be performed to recover UL synchronization with deactivated SCells.
Proposal 4: If only TA timer for TA group including only SCells is expired, it does not impact UL states of serving cells in other TA groups.

2.4 TA Command (MAC CE) for one TAT per TA group
Following schemes of TA command transmission contents may be used for TAT per TA group in Rel-11.
· Option 1: One TA command (MAC CE) only includes TA value for a TA group.

· Option 2: One TA command (MAC CE) can include TA adjustment vales of one or multiple TA groups.

In Rel-8/9/10, there is only one TA timer for UE, TA command (MAC CE) only includes TA value for the serving cell. However, in Rel-11, “TA group” concept is introduced in CA scenarios, which eNB should need to send multiple TA values of TA groups to UE. It seems that option 2 is more suitable to be used in TAT per TA group scheme, which can reduce some signalling overhead if eNB want to adjust TA values of multiple TA groups at the same time.
Proposal 5: TA command (MAC CE) can include TA values of multiple TA groups.
2.5 SRS for one TAT per TA group
As the maintenance of UL synchronisation relies on the information of UL timing difference, and SRS is the regular and reliable mechanism for tuning the TA value of serving cell, it seems suitable to keep using SRS to assist eNB to maintain UL time alignment with multiple TA groups in Rel-11 CA deployment. If one TAT per TA group is adopted in Rel-11, it is not necessary for UE to send multiple SRSs to serving cells at the same time. Additionally, it is obvious that such arrangement should not exceed the UE’s UL power limitation. Therefore, we suggest that the SRS transmission mechanism in Rel-11 can be as same as Rel-10.
Proposal 6: The SRS transmission mechanism in Rel-11 can remain as same as Rel-10.
3 Conclusion
We suggest that following proposals are considered and agreed:
Observation 1: TA values of different TA groups may not be adjusted at the same time.

Observation 2: Compared with common TA timer per UE, it is more suitable to use TA timer per TA group for UL time alignment with all serving cells in Rel-11.

Proposal 1: UL time alignment state of each TA group should be maintained by it own TAT in Rel-11.
Proposal 2: All SCell of UE should be deactivated upon TA timer of TA group including PCell is expired.

Proposal 3: If TA timer for TA group including only SCells is expired but TA timer of TA group including PCell is still running, serving cells of this TA group should be deactived at first, and then network initiated RA procedure may be performed to recover UL synchronization with deactivated SCells.
Proposal 4: If only TA timer for TA group including only SCells is expired, it does not impact UL states of serving cells in other TA groups.

Proposal 5: TA command (MAC CE) can include TA values of multiple TA groups.
Proposal 6: The SRS transmission mechanism in Rel-11 can remain as same as Rel-10.
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