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Discussion and Decision
1 Introduction 
At RAN2#74, the following agreements on UL TA grouping were reached: 
	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


According to these agreements, the TA maintenance for the PCell TA group will remain the same as in Rel-10, while for the TA maintenance of ‘SCell-only’ TA groups (i.e. TA groups not including the Pcell) two options have been already identified at the last meeting：
· Option 1：Define one TAT per TA group；
· Option 2：Keep one TAT per UE, i.e. only related to the Pcell (Rel-10 behaviour).
This paper shows some implications of these two options and identifies a preferred option.
2 Discussion
2.1 Comparison of the two options

2.1.1 Synchronization state
Since it has been agreed that the TA maintenance mechanism for the PCell TA group remains the same as for Rel-10, the synchronization state of the PCell TA group is maintained simultaneously in the UE and the eNB, avoiding any possible ambiguity. If Option 1 will be adopted, the same applies for the synchronization state of the SCell-only TA groups, thanks to the use of different independent TATs for different TA groups. On the other hand, if only one TAT per UE will be used (i.e. Option 2), the synchronization state of all the Scells will be coupled with that of the PCell. When TAT expires, all of the serving cells can then be regarded as out-of-sync. But before TAT expires, the synchronization state of the SCell-only TA groups is only known at the eNB, and not at the UE, as shown in Figure 2.1. And if the synchronization state of the SCell-only TA groups cannot be detected at the UE, this will clearly have some implications:

· Either the UE shall always consider the SCells as synchronized, as long as the SCells are active and TAT is running. But this will create problems when the SCells are in fact out-of-sync.
· Or a procedure needs to be defined whereby the eNB informs the UE when the SCells (of the SCell-only TA groups) are no longer synchronized.
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Figure 2.1

2.1.2 Actions upon TAT expiry
With Option 1, when the TAT of a Scell-only TA group expires, the corresponding SRS resources are deleted, all the HARQ buffers of the corresponding SCells are flushed, and any configured downlink assignments and uplink grants are cleared. Regarding the cells in the PCell TA group, they would not be affected. On the other hand, when the TAT of a Pcell TA group expires, all the cells in the Scell-only TA groups should be considered as out-of-sync, due to the PUCCH issue. In fact, according to Rel-10 behaviour, PUCCH only exits in the PCell and PUCCH transmission should not be allowed after the PCell TAT expires. So the cells in the SCell-only TA groups could not send control signals such as CQI/PMI and ACK/NACK through PUCCH, and the TATs of Scell-only TA groups should be considered as expired. 
With Option 2, there would be no different actions when TAT expires (w.r.t. to Rel-10 behaviour), so this method would avoid changes to Rel-10.
2.1.3 Number of TATs
More than one TAT should be maintained in the UE if Option 1 is used, while obviously there would still be only one TAT if Option 2 is used. However, the different TATs would work in the same way so the additional implementation cost is considered as almost negligible.
2.1.4 Timing Advance Command
The impact to Timing Advance Command is expected to be the same regardless which option will be used, because several Timing Advance Command MAC CEs should be sent to the UE. The structure of Timing Advance Command can be kept unchanged and more TAC MAC CEs will be sent whenever needed. And also the procedure upon reception of the Timing Advance Command can be kept the same as Rel-10. 
Note that it is also possible to investigate changes to the TAC MAC CE, to allow the inclusion of multiple Timing Advance Commands (for the multiple TAs). However this alternative seems to bring no real benefits. 

2.1.5 Summary

According to the analysis above, the differences between the two options can be summarized as in the following Table 2-1. The most important issue is the first one, while the other differences seem negligible. In conclusion Option1 is preferred. 
	
	Option 1
	Option 2
	Comments

	Synchronization state
	Maintained independently for different TA groups
	Synchronization of SCell-only TA groups coupled with Pcell
	If Option 2 is used, the problem of the UE not knowing the sync status of SCell-only TA groups should be solved.

	Actions upon TAT expiry
	Additional description should be added
	Current procedure can be reused
	/

	Number of TATs
	More than one
	One
	For Option 1, the additional implementation cost seems minimal

	Timing Advance Command
	Keep the current TAC format and procedure
	/


Table 2-1. Comparison of the two options

Proposal 1: One TAT per TA group shall be defined.
2.2 TAT maintenance for SCell-only TA groups
If proposal 1 is agreed, TAT maintenance for Scell-only TA groups can generally be kept the same as that of the PCell TA group: TAT would start or restart when a Timing Advance Command or RAR is received, and when TAT expires resources should be releases as described in section 2.1.2. One specific characteristic is that TAT should not be stopped even if all the SCells in the Scell-only TA group have been deactivated. Since a SCell can been activated before TAT expires, the UE can transmit uplink signals on the SCell immediately, without a new uplink synchronization procedure. In this case the uplink transmission delay can be significantly reduced.
Proposal 2: TAT shall not stop if all the SCells in the Scell-only TA group are deactivated
3 Conclusion
According to the analysis above, we propose that:
Proposal 1: One TAT per TA group shall be defined.
Proposal 2: TAT shall not stop if all the SCells in the Scell-only TA group are deactivated
4 References
[1] R2-113578, ‘Updates of Carrier Aggregation agreements’, Rapporteur (Nokia Corporation)
[2] R2-112819, ‘Time Alignment in case of multiple TA’,
Panasonic

[3] R2-112984, ‘Multiple TA values with a single TAT’,
Ericsson, ST-Ericsson












































































_1374906697.vsd
sync


sync


Non-sync


Non-sync



_1374906711.vsd
?



