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1. Introduction
In the previous meetings, some agreements related to TAG management were made:

· A TAG may only comprise cells of one eNB.

· FFS: The maximum number of TAGs per UE is 4 as for carrier aggregation.
However, the full picture of TAG operation is not clear yet. In this paper, the framework for TAG in DC is addressed. 
2. Discussion 
2.1. Number of TAGs
In RAN2#83bis, it was left FFS how many TAGs should be supported for inter-eNB CA (i.e., 4 or more?). From an operator point of view, we would like to have the flexibility for future deployment. UE capability to support more than 2 inter-bands has yet to be specified in the RAN4 specification. However, it is foreseen that the UE can support CA with 3 inter-bands including the existing CA band combination in future when higher frequency bands, e.g., 3.5 GHz are available. Migration scenarios from both ideal backhaul based deployments can also be considered as illustrated in Fig.1. The existing CA band combination (e.g., 800 M + 1.7 G in Fig.1) is provided by the macro eNB with RRH. In addition, the higher frequency band (e.g., 3.5 GHz in Fig.1) is deployed by the small eNB with non-ideal backhaul.
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Fig.1
Migration scenarios from the baseline deployment scenario with ideal/non-ideal backhaul.

In addition to that, MTA is needed for inter-band CA, it should be also reminded that MTA may be needed even for intra-band contiguous CA, because there will be various UE implementations (e.g., more than one FFT per band) for the future as pointed out in RAN4 LS [1].  
	1. Overall Description:
During RAN4#64bis, RAN4 discussed the UE capability signalling for multiple TA. It was concluded that the CA band combination specific capability signalling is necessary because Multiple TA feature would be related to band combination component, e.g. inter-band/ intra-band CA. Especially for intra-band contiguous CA case, some UE implementation options could be observed, i.e. 1 FFT per band or more FFTs per band. Taking the UE implementation freedom into account, multiple TA may not be supported in some CA band combinations. …..


Moreover, the impact of RAN2 is to extend MAC CE and RRC signalling, which will not introduce much specification impact. Thus, it is proposed to support 5 TAG in Rel-12.
Proposal1: The maximum number of TAGs is 5 in Rel-12.

2.2. How to handle TAGs in DC mode
In DC mode, there will be 4 kinds of TAG, pTAG, sTAG in MCG, sTAG including the special SCell in SCG and sTAG not including the special SCell in SCG. In this section, we would like to clarify how to handle TAGs in DC mode:
Q1: What does TAGs in MCG look like?

We don’t see any additional requirement for TAGs in MCG. So, there is no additional operation for them.
Proposal2: TAG operation in MCG is treated as in Rel-11.

Q2: The relationship between TAGs in MCG and those in SCG
In Rel-11, pTAG and sTAG have the relationship that basically UL timing adjustment and TA handling is independent, but if TAT associated with pTAG expired, all the TATs are considered expired so that only PRACH transmission on PCell is allowed. In DC, there is a case where such principal is not desirable. For example, in case that MeNB has only SRB and SeNB has DRB (BE data), MeNB will not have continuous data and may go into DRX expiring TAT associated with PCell while SeNB can transmit and receive the UP data continuously. If UE considers all the TATs are expired when TAT associated with pTAG is expired, UE should perform RACH toward SeNB whenever UL data arrives resulting in Tput degradation, or UE should keep TAT associated with pTAG running  i.e., thus UE will be kept awaked in MCG resulting in too much UE battery consumption. Therefore, even if the TAT associated with pTAG is expired, the TAT associated with TAG in SCG can be kept running. 
Proposal3: Even when the TAT associated with pTAG is expired, the TAT associated with TAG in SCG can be kept running.
Q3: The relationship between TAG including the special SCell and that not including the special cell
As discussed in the previous question, in Rel-11, if the TAT associated with pTAG is expired, all the TAG/SCells are considered out-of-sync. The question is whether the same operation should be applied for TAGs in SCG or not. If we don’t apply such mechanism, the normal SCell can be scheduled and perform the autonomous SRS transmission, even while the special SCell is out-of-sync. In this case, there is a risk that eNB cannot indicate to stop UL transmission on the normal SCell immediately by MAC CE when it detects UL error on the SCell. Although SeNB can de-configure such erroneous SCell by sending RRC message via MeNB, it takes too much time via non-ideal backhaul. Therefore, it should be ensured the special SCell is in-sync whenever any UL transmission is performed in the SCell in SCG, in other words, the autonomous UL transmission suspension when the special SCell is out-of-sync should be supported.

Proposal4: When the TAT associated with TAG including the special SCell is expired, the TAT associated with other TAGs in SCG are considered expired.
Q4: Reference cell for SCell in SCG 
In Rel-11, RAN2 discussed which DL serving cell should be referred as timing and pathloss reference cell for SCell in sTAG. The followings are specified:
Table.1

	
	PCell
	SCell in pTAG
	SCell in sTAG

	Timing reference cell
	PCell
	PCell
	UE selects

	Pathloss reference cell
	DL PCell
	DL PCell or SIB2-linked DL
	SIB2-linked DL SCell


For the SCell in TAG not including the special SCell, the same principle can be applied. On the other hand, since the special SCell partially supports the PCell aspects such as CBRA, always activated and PUCCH, we should discuss whether the same principal as pTAG to select the reference cell should be used to the TAG including the special SCell.  For timing reference cell, it is reasonable to use the special SCell to avoid risk the timing shift in case of the timing cell is deactivated, since the special SCell is always activated. On the other hand, for pathloss reference cell, the question is whether the special DL SCell should be selected as the pathloss reference cell by the normal UL SCell. The reason why the DL PCell can be selected as pathloss reference cell by the UL SCell(s) in Rel-10 was that UE may lose track of SIB2 linked DL SCell due to the interference in HetNet scenario. However, since it is hard to assume the HetNet scenario in SCG, selecting DL PCell as pathloss reference cell is not needed.  Thus, for the TAG including the special SCell, table2 should be applied:
Table.2
	
	Special SCell
	Normal SCell

	Timing reference cell
	Special SCell
	Special SCell

	Pathloss reference cell
	Special DL SCell
	SIB2-linked DL SCell


Proposal5: RAN2 to confirm table 2 for the principal to select reference cell in the serving cell the TAG including the special SCell.
3. Summary and proposal
In this contribution, we discussed the framework for TAG in DC and followings are proposed:
Proposal1: The maximum number of TAGs is 5 in Rel-12.
Proposal2: TAG operation in MCG is treated as in Rel-11.

Proposal3: Even when the TAT associated with pTAG is expired, the TAT associated with TAG in SCG can be kept running.
Proposal4: When the TAT associated with TAG including the special SCell is expired, the TAT associated with other TAGs in SCG are considered expired.
Proposal5: RAN2 to confirm table 2 for the principal to select reference cell in the serving cell the TAG including the special SCell.
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