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1. Introduction

In #73b RAN2 meeting, many issues were brought forward [1, 2, 3, 4, 5] related to multiple TA. Amongst them the number of TAT maintained in UE was discussed [1, 2, 3, 4] as well. In [1, 3] per group TAT maintenance is proposed while in [4], one common TAT is preferred. In fact, this question was also addressed in [6] and variety of opinions was expressed already. In this contribution, we will show our opinion on this issue. 

2. Discussion

In [4], three options for TAT number are discussed: one TAT per UL CC (one TAT for each UL CC), one TAT per TA group (the UL CCs which have the same TA could share the same TAT) and one common TAT (all UL CCs share a common TAT). We will start from this point.
In release 10, one TAT is maintained in UE. No matter how many uplink cells are configured to the UE, as long as this TAT is running, all the uplink cells are considered as “synchronised”. As only intra-band UL CA without RRH and repeaters is supported in release10, it is ambiguous that the number of TAT in release10 could be classified as “TAT per group” or “one common TAT”. However, generally speaking, one TAT per UL CC isn’t supported by release10, with the exception of only one CC being configured to release 10 UE, as this case can be classified as each of these three options. From the viewpoint of concept of continuity, one TAT per UL CC should be excluded from release11.
Proposal 1: One TAT per UL CC should not be supported by release11.
Then, we need to compare the other two options as listed below and figure out which is more appropriate for release11 from six aspects in the following sections.
· Alternative 1: One TAT per TA group

· Alternative 2: One common TAT

TA signalling
To keep each TA group UL synchronised, with alternative 1, the eNB may transmit the TA commands for all the TA groups/UL Cells or some of them, which is flexible from the viewpoint of an eNB implementation. However, with alternative 2, if the corresponding TA commands are issued only for part of TA groups/UL cells, the TA command for a TA group/UL cell may be lost in the air interface even after HARQ retransmission. It is possible none of TA command is received for this TA group/UL cell in a period longer than the value of TAT. According to the concept of TAT in release 9, under this condition the uplink in this TA group/UL cell may be actually non-synchronised. However, now the TAT is still running. It is clear in this case the TAT can’t reflect the actual synchronisation status of all the TA groups/UL cells. In this respect, with alternative 2, the eNB should transmit the corresponding TA command for each of the TA groups/UL cells simultaneously, even though some of TA groups/UL cells needn’t uplink adjustment. 
UL synchronisation for the deactivated cell

With alternative 1, the eNB can flexibly determine whether to maintain UL time synchronisation for a deactivated cell. With alternative 2, as every time the TA commands for all the TA groups /UL cells are issued together, all the TA groups/UL cells have the same synchronisation status, which means that the UL of a deactivated cell should be kept synchronised as long as the PCell is UL synchronised. To maintain a deactivated cell UL synchronised, the deactivated cell may need to be activated for UL adjustment then be deactivated again. This procedure will incur heavily signalling overhead.   
Resource efficiency

Alternative 1 allows the eNB deliberately to let some TATs expire to release the resource (e.g. CQI on PUCCH /SRS ) when some TA groups are not needed temporally due to the decrease of traffic, and the released resources can be used for other UEs. With alternative 2, when the traffic decreases, the eNB may deactivate all the SCells in some TA groups/some SCells. In order to enhance the resource efficiency, it has to release these SCells via RRCConnectionReconfiguration message, which leads to higher signalling overhead and longer latency if the SCells need to be configured again.
Process of the received TA command
With alternative 1, the TAT per group is maintained relative independently. When a TA command is received, the process in each group could comply with that in release 9 and the basic process is not changed. With alternative 2, if a new TA group/UL cell is added then this new TA group/UL cell needs to perform RA procedure. If the RA preamble is selected by UE MAC, since the TAT is already running which is started by a previous TA command according to section 5.2 of [8], the TA command corresponding to the new TA group and received in the RAR message should be ignored. As a sequence, even the eNB may issue TA command CEs to this TA group/UL cell later, the first time adjustment may not be accommodated by 6 bits TA command MAC CE.  Hence, if RAN2 decides later UE MAC is allowed to select the preamble in the RA procedure on the SCell, new process for the received TA command in the RAR message should be specified as well.
UE behaviour when TAT expires
In release 10, when the sole TAT expires, the UE should flush all HARQ buffer, notify RRC to release PUCCH/SRS and clear any configured downlink assignments and uplink grants. With alternative 2, there is no need to specify new behaviour when TAT expires. Nevertheless, with alternative 1, different behaviours need to be specified for the TA groups including and not including PCell. 
Justification of the UL synchronisation status 
In [7], in the cases of expiration of the only TAT the UL synchronisation status moves from “synchronised” to “non-synchronised”. When UL synchronisation status becomes” non-synchronised”, if some data arrives for DL and/or UL, RA procedure should be initiated. With the alternative 1, if data arrives, even some TATs corresponding to the TA groups only including SCells already expire, the RA procedure may not be needed. Whether the UL synchronisation status is per UE or per TA group, and hence the trigger events for RA procedure need clarification. With alternative 2, no change is needed. To clearly demonstrate the two alternatives, the above assessment of the two alternatives is summarized in table 1.
From the table1, it seems each alternative has advantage over the other one. With alternative 1, the eNB has more flexible implementation and higher resource efficiency could be expected whilst the UE complexity will increase but be acceptable. Regarding this, we prefer the alternative 1: one TAT per TA group. We propose in release11 the number of TAT maintained in UE should be one TAT per TA group.

Proposal 2: In release11 the number of TAT maintained in UE should be one TAT per TA group.
Table 1 The assessment of the two alternatives
	Assessed aspects
	Alternative 1
	Alternative 2

	TA signalling
	Flexible
	Fixed

	UL synchronisation for the deactivated cell
	Up to the eNB determination
	Should be kept as the synchronization status of the PCell

	Resource efficiency
	More efficiently
	Will be wasted

	Process of the received TA command
	No change
	New process of the TAT command in a RAR message

	UE behaviour when TAT expires
	New behaviour
	No change

	Justification of the UL synchronisation status
	New justification criterion
	No change


3. Conclusion

With the above discussion, we propose below:
Proposal 1: One TAT per UL CC should not be supported by release11.
Proposal 2: In release11 the number of TAT maintained in UE should be one TAT per TA group.
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