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1 Introduction

The issue of the multiple TA was discussed in previous RAN2 meetings and some agreements had been reached as follows [1]:

	Agreements:
1 The UE may use any activated SCell from the TAG as timing reference (UE is assumed to change only when it has to). 

This agreement is under the assumption that it does not any problems with respect to RAN4 testability.

2 In an sTAG multiple SCells can be configured with RACH resources and the eNB may order RA on any of those SCells.
3 We will design the signaling for supporting 4 TAGs. We assume that RAN4 will decide per band combinations how many TAGs are required to be supported by the UE.


RAN2 has not reached any consensus on whether RA procedure is necessary for obtaining the TA value during TAG change and how to perform the TAG change procedure. In this contribution, we will discuss above issues and provide our views.
2 Discussion

2.1 Necessity of RA procedure in TAG change procedure
Based on previous discussions [2], if eNB detects that the SCell is not UL timing aligned with its current TAG, it should instruct the UE to obtain correct TA value for the SCell, and then reallocate that SCell to a suitable TAG for maintaining UL timing alignment. More specifically, since SCells in the same TAG can only share one TA value, a SCell that can no longer maintain UL timing alignment using this TA value due to, for instance varied channel conditions, etc., has to be reallocated from that TAG to another. If eNB is able to deduce a correct TA value for the out-of-synchronization SCell through normal UL transmissions, it can reconfigure the abovementioned SCell to another existing TAG or a new TAG. However, sometimes the new TA value may not be derivable simply with the aid of the original TA value associated with the source TAG. In this case, RA procedure needs to be invoked at UE for recovering the UL timing alignment for the SCell concerned.
Thus, there are two scenarios to be considered for TAG change:
· Scenario 1: eNB can obtain the correct TA value of the SCell through UL transmission on the SCell without the RA procedure.
· Scenario 2: eNB cannot obtain the correct TA value of the SCell through UL transmission on the SCell without RA procedure.

2.1.1 Scenario 1
For Scenario 1, there are two candidate solutions:

· Alt 1: If RA procedure is not needed, and eNB directly reallocates the SCell concerned to a target TAG (new or existing TAG) and configure a suitable TA value for the SCell by TAC MAC CE of the target TAG.
· Alt 2: eNB triggers UE to perform RA procedure for obtaining TA value of the SCell for TAG change.
If Alt 1 is adopted, eNB directly reconfigures a new or existing TAG to the SCell by RRC signalling and allocates the new TA value to this SCell by TAC MAC CE of the new TAG. However, as Fig. 1 shows, there is an idle period where eNB cannot obtain TA value of the SCell during TAG change procedure, since the UL transmission on the SCell should be stopped upon UE receiving the RRC signalling to change TAG of the SCell. Therefore, error case may occur, as the TA value associated with the SCell provided to UE by TAC MAC CE may be outdated after the idle period due to timing jump or high mobility of UE. This issue may be more critical in the case that eNB allocates a new TAG to the SCell. Nonetheless, in our opinion, it is up to the eNB to evaluate the situation and determine whether it is suitable to use Alt 1 in Scenario 1. This is reasonable, since the eNB is aware of information such as radio channel conditions and UE speed, etc. which may facilitate its judgement in this scenario.
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Fig. 1: A potential error case in TAG change procedure.
In Alt 2, RA procedure can be triggered to obtain TA value of the SCell when necessary. Obviously, it can provide more reliable TA value adjustment in comparison to Alt 1. However, this method also introduces additional signalling overhead and latency.

From the above analysis, we think both Alt 1 and Alt 2 are applicable in Scenario 1 and they have specific advantages and disadvantages in different cases, respectively. Thus, both of them can be supported. The detailed tradeoffs regarding the application of the two alternatives can be left to eNB’s implementation.

Observation 1: Both Alt 1 and Alt 2 can be used to obtain TA value of the SCell performing TAG change in scenario 1.
2.1.2 Scenario 2
In Scenario 2, by definition the only solution would be to perform RA procedure for obtaining the correct TA value of the SCell.

Finally, we proposed that:

Proposal 1: RA procedure should be supported to obtain TA value of the SCell for TAG change.

Proposal 2: Direct reconfiguration of the out-of-synchronization SCell to a target TAG (a new or existing TAG) without RA procedure is allowed for TAG change.
Proposal 3: Whether to perform RA procedure to obtain TA value of the SCell or direct reconfigure TAG of the SCell for TAG change should be left to eNB implementation.
2.2 Further considerations on operations in TAG change procedure
2.2.1 TAG change without RA procedure

As discussed above, there are two cases of TAG change without invoking RA procedure.

Case 1: The SCell is reallocated to a new TAG, as shown in Fig. 2.
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Fig. 2: Change to a new TAG without RA procedure.
In this case, since the TA value of the new TAG cannot be allocated to UE before RRC reconfiguration is completed, the UL transmission to the SCell will start only after UE receives TAC MAC CE for the new TAG.
Proposal 4: If the SCell is reallocated to a new TAG in TAG change procedure without RA procedure, UL transmission on the SCell in the new TAG should start only after UE obtains the new TA value through TAC MAC CE for the new TAG.
Case 2: The SCell is reallocated to an existing TAG, as shown in Fig. 3.
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Fig. 3: Change to an existing TAG without RA procedure.
In this case, since the TA value of the existing TAG is already available, the UL transmission to the SCell concerned can start immediately after the RRC reconfiguration is completed.

Proposal 5: If the SCell can be directly reallocated to an existing TAG without RA procedure, UL transmission on the reallocated SCell can start after the RRC reconfiguration for TAG change is completed.
2.2.2 TAG change with RA procedure

According to the current RAN2 agreements, the UE will apply the TA value obtained from RA procedure to all serving cells in the same TAG and restart the TAT associated with this TAG. Thus, since it is not suitable to use the TA value obtained from this specific RA procedure (e.g. for TAG change) for other serving cells in the original TAG, it is not necessary to restart the TAT associated with the original TAG either [3].
On the other hand, RAN2 has agreed in last meeting [1] that multiple SCells in an sTAG can be configured with RACH resources and the eNB may order RA on any of those SCells. This means that the TA value of sTAG can be obtained through RA procedure for multiple SCells. However, although not explicitly specified, it should be noted that the objective of such configured RA procedures is to obtain TA value for TAG change, rather than for UL synchronization of the original sTAG. Therefore, in order to avoid that the TA value of SCell for TAG change is be applied for all serving cells in the original sTAG, and ensure the TAG change procedure to be consistent with previous RAN2 agreements, the RA procedure should not be performed before the SCell concerned is removed from the original TAG. We propose that:
Proposal 6: RA procedure on the SCell for TAG change should not be performed before this SCell is removed from the original TAG.
Based on above discussions, we propose two alternatives for TAG change with RA procedure as follows.
Alt a: eNB reallocates the SCell concerned to a new TAG, and then triggers RA procedure on that SCell for obtaining the initial TA value of this TAG.
The detailed process for TAG change procedure in Alt a is portrayed in Fig. 4. Firstly, we should consider the case that it may be necessary to change TAG of the SCell or reconfigure it to a new TAG after the eNB obtains correct TA value from RA procedure, for the sake of avoiding unnecessary signalling overhead and TAG usage. Secondly, at the RAN2#77 meeting, it was agreed that 2 or 4 TAG IDs will be supported and 1 or 2 bits will be used to indicate the TAG ID in TAC MAC CE [1]. However, if Alt a is used for TAG change, it may happen that the more than four TAGs are needed during TAG change procedure. More specifically, since eNB cannot obtain correct TA value for SCell before RA procedure, it has to pre-allocate a new TAG for SCell. Then, if there are already four existing TAGs, eNB has to removed one of them in order to avoid violating the maximum constraint. The removal of that TAG obviously results in loss of data transmission on serving cells of the TAG.
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Fig. 4: TAG change procedure of Alt a.
Alt b: eNB removes the SCell from its original TAG and then trigger RA procedure on it. After eNB obtains TA value of the SCell concerned, a suitable TAG will be configured to the SCell.

Fig. 5 illustrates the detailed process for TAG change procedure in Alt b. In Alt b, when eNB detects that a SCell is out of UL synchronization with its original TAG, RRC reconfiguration to remove the SCell from the TAG will be sent to UE. Then, the activated RA procedure helps to retrieve the new TA value, based on which the eNB finds an appropriate existing TAG (or create a new TAG for that SCell if necessary). This therefore avoids the disadvantage of Alt a, where the additionally needed TAG ID may result in violation of the maximum number of TAGs allowed, as mentioned above. Concerning the drawback of Alt b, it may require more signaling overhead than Alt a, due to the RRC signaling shown in Fig. 5. By contrast, Alt a may not need to perform steps 8 and 9 (i.e. reconfigure to an existing TAG).
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Fig. 5: TAG change procedure of Alt b.
Table 1: Comparison of Alt a and Alt b.
	
	Alt a
	Alt b

	RACH on SCell
	Yes
	Yes

	Signalling overhead
	Lower (if steps 8 and 9 of Fig. 4 are not needed)
	Higher

	More TAG ID usage
	Yes
	No

	Possibility of exceeding maximum TAG number
	Yes
	No


As a brief summary, in Table 1 we compare the two alternatives in terms of their potential performance impacts on TAG change procedure. In Alt a, it is possible that the number of TAGs needed may be more than four, which is subject to RAN4 conclusion), the RAN2 agreement (i.e. signalling is designed for supporting 4 TAGs [1] may be violated. Thus, it seems that Alt b is more suitable to be adopted as TAG change procedure with RA procedure.

Proposal 7: Alt b (i.e. eNB removes the SCell from its original TAG and then trigger RA procedure on it. After eNB obtains TA value of the SCell concerned, a suitable TAG will be configured to the SCell) should be adopted in the TAG change procedure with RA procedure.
3 Conclusion
In this contribution, we have discussed a few open issues related to the TAG change procedure. Based on the detailed analysis provided, we suggest that following proposals are considered and agreed:
Proposal 1: RA procedure should be supported to obtain TA value of the SCell for TAG change.
Proposal 2: Direct reconfiguration of the out-of-synchronization SCell to a target TAG (a new or existing TAG) without RA procedure is allowed for TAG change.
Proposal 3: Whether to perform RA procedure to obtain TA value of the SCell or direct reconfigure TAG of the SCell for TAG change should be left to eNB implementation.
Proposal 4: If the SCell is reallocated to a new TAG in TAG change procedure without RA procedure, UL transmission on the SCell in the new TAG should start only after UE obtains the new TA value through TAC MAC CE for the new TAG.

Proposal 5: If the SCell can be directly reallocated to an existing TAG without RA procedure, UL transmission on the reallocated SCell can start after the RRC reconfiguration for TAG change is completed.

Proposal 6: RA procedure on the SCell for TAG change should not be performed before this SCell is removed from the original TAG.
Proposal 7: Alt b (i.e. eNB removes the SCell from its original TAG and then trigger RA procedure on it. After eNB obtains TA value of the SCell concerned, a suitable TAG will be configured to the SCell) should be adopted in the TAG change procedure with RA procedure.
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