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1. Introduction
In last RAN2 meeting, the TA Group and the maximum number of TA value maintenance in UE was discussed. This contribution gives our consideration on the TA Group issue from the two aspects: the necessity of TA Group and the partition of TA Group.
2. Discussion
2.1.  Necessity of TA Group
In multi-TA mode, it is necessary for UE to maintain more than one uplink timing. To meet the requirement, there are two methods to maintain UL timing in UE side as below.
· Alt 1: UL timing maintenance per CC
Whatever the UL timing on each configured CC is same or not, the UL Timing is maintained per CC.
· Alt 2: UL timing maintenance per group
The configured CCs with same UL timing are grouped and the UL Timing is maintained per group.
The comparisons on the two methods are given from the following perspectives.
1) UE’s complexity

When the UE maintains the UL Timing, UE would maintain one TA timer and calculate the absolute TA value (Nta [1]) by TAC, and use the Nta value to adjust the UL transmission starting point on RF and baseband (e.g. IFFT). 

From the perspective of timer and Nta value maintenance, if UE is configured with 3 UL CCs in the same UL Timing, UE would maintain 3 timers and 3 values in Alt 1, but only maintain 1 timer and 1 value in Alt 2. Although it is little complexity for UE to maintain more timers, maintaining more timers for only one UL Timing is really unnecessary.
From the perspective of RF and baseband part (e.g. IFFT), in Alt 1, it is possible for UE to maintain the different TA value for each configured CC. If the UL CCs with the different TA values share the same RF and baseband processing unit, the adjustment on the RF and baseband would be impacted by the different UL Timings. Furthermore, it would be more complexity for the case that the UL CCs with different TA values share the same IFFT, and the feasibility is doubtful and should be checked by RAN1 and RAN4. In Alt 2, the group maintenance would reduce the complexity and the requirement on the RF and baseband.
2) Backward compatibility 
In Rel-10 CA, UE configured by UL CA only supports single UL Timing. In other words, the UL Timing is maintained in one “TA Group”, the group including all the UL configured CCs, and it is Alt 2 method.
3) Applicable deployment scenarios
The UL Timing is impacted by the frequency band and the propagation environment. From the perspective of multi-TA’s requirement, it is unnecessary for UE to maintain the individual UL Timing of the CCs belonging to the same propagation environment and/or the same frequency band. 
4) Resource consumption
For UL Timing maintenance, UE would obtain the initial synchronization by RA procedure, and maintain the Nta value by TAC from eNB which is acquired by the UL transmission. 
Considering the initial synchronization part, if eNB requests more than one unsynchronized CCs entering the synchronized state, in Alt 1, the RA procedure would be performed on each CC one by one (if the parallel RA procedure is not allowed); But in Alt 2, only one RA procedure would be needed if the CCs belong to one group. Comparing the RA resource consumption and the speed to obtain synchronization, Alt 2 is more efficient.
From the above analysis, it is obvious that the UL Timing is maintained per group is the reasonable way.
Proposal 1: RAN2 is proposed to introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value.
2.2. Partition of TA Group
TA is maintained per group, but how to partition the TA Group? There are two alternatives:
· Alt 1: TA Group is partitioned implicitly by special rules;

· Alt 2: TA Group is partitioned explicitly by eNB configuration.

Alt 1 is without configuration, so the special rules should be applicable to distinguish the different UL Timing and should be obviously known by the UE and eNB. But what UE learns is only the frequency band information. If the TA Group is partitioned by frequency band, it is not feasible for the intra-band multi-TA scenarios.
In Alt 2, eNB could obtain the deployment information from OAM in advance, and the TA Group could be partitioned according to the deployment scenarios as the following Table in eNB side. 

Table
TA Group partition in eNB
	#
	Description
	Factor for TA Group Partition in eNB
	Example

	2
	For the uplink, F1 and F2 are in the different bands.
	Frequency band
	
[image: image1.emf]

	3
	For the uplink, F1 and F2 are in the different bands.
	Frequency band
	
[image: image2.emf]

	4a
	For the uplink, F1 and F2 are in the same band.
	Deployment
	
[image: image3.emf]

	4b
	For the uplink, F1 and F2 are in the different bands.
	Frequency band, or
Deployment
	

	5a
	For the uplink, F1 and F2 are in the same band.
	Deployment 
	
[image: image4.emf]

	5b
	For the uplink, F1 and F2 are in the different bands.
	Frequency band, or 
Deployment
	


Hence, the TA Group should be explicitly configured by eNB, and eNB could make the reasonable partition according to the deployment information from OAM.
Proposal 2: The relationship between configured CC and TA Group should be explicitly configured by eNB.
2.3. Potential Impact

With the TA Group concept, Rel-10 CA UE can be regarded as only supporting one TA Group. Hence, the current TA maintenance only focuses on the one TA Group including PCell, e.g. PCell is the DL Timing reference CC, RA procedure is only performed on PCell, TAC MAC signalling is per UE, etc. 

For a UE in multi-TA mode, there would be more than one TA Group, e.g. one TA Group including PCell (i.e. PCell TA Group) and other one or more TA Groups only including SCell(s) (i.e. SCell TA Group). For the PCell TA Group, the Rel-10 mechanism could work well. But for the SCell TA Group, the TA maintenance mechanism needs to be worked out, which includes:

· Which CC is the DL timing reference CC for SCell TA Group, PCell or other special SCell?

· How to consider the RA procedure for the SCell TA Group?

· How to maintain the TA value in SCell TA Group, e.g. TATimer maintenance and TAC design?

Proposal 3: RAN2 is proposed to study the TA maintenance mechanism of the SCell TA group and keep the TA maintenance mechanism of PCell TA group same as Rel-10. 
3. Conclusion
According to the presentation in section 2, it is suggested:

Proposal 1: RAN2 is proposed to introduce “TA Group” concept, which is a set of serving cells with uplink resource sharing the same TA value.

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

Proposal 3: RAN2 is proposed to study the TA maintenance mechanism of the SCell TA group and keep the TA maintenance mechanism of PCell TA group same as Rel-10. 
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