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1.
Introduction
There has been an e-mail discussion to discuss the case when a RA procedure is performed on an SCell in an sTAG and the SCell performing the RA procedure is not the current timing reference cell [1]. In this case, the UL transmission on other SCells belonging to the same sTAG may be affected because the timing reference is changed to the SCell where the RA procedure is performed. In the e-mail discussion, two options were on the table for the UL transmission on other SCells.
- Option A: Suspend all UL transmission in this TA group until MSG2 has been received and TA applied.

- Option B: Continue UL transmission with previous timing reference until MSG2 has been received and TA applied.
However, before deciding between two options, we need to discuss why the RA procedure is performed on the SCell other than the timing reference cell in the sTAG.
2.
Discussion
The purpose of performing RA procedure on SCell other than timing reference cell is generally thought to be two-fold. One is to probe UL timing of an SCell, and the other is to change the timing reference cell in an sTAG. Each purpose is discussed in the following subsection.

2.1
Probing UL timing of an SCell

Normally, the timing drift of TAG can be controlled by TAC MAC CE. After having RA procedure, the UL timing of the TAG becomes stable, and only small amount of change needs to be adjusted.
When another SCell is added to this TAG based on the eNB’s internal decision, the eNB is not sure whether this TAG is really suitable for the newly added SCell. Thus, the eNB may trigger an RA procedure on the newly added SCell.

If the RA procedure reveals that the assigned TAG is suitable for the newly added SCell, there should be no problem. However, if the newly added SCell is detected to have different UL timing than the assigned TAG, problem occurs in UL transmission of SCells in the TAG. Let’s see the example in Figure 1.
In the example, SCell1 is first assigned to TAG1, and SCell2 is added to TAG1 later based on the eNB’s internal decision. Then, the eNB triggers an RA procedure on SCell2 to check whether the assigned TAG1 is suitable for the SCell2.
Upon the completion of RA procedure on SCell2, the timing reference cell of TAG1 is changed to SCell2. In the meanwhile, if the eNB detects that SCell2 has different UL timing than that used in TAG1, it assigns different TAG2 to the SCell2.

The problem occurs when the SCell2 is moved to TAG2. Since the timing reference cell is moved to another TAG, the eNB has to trigger another RA procedure on the remaining SCell of TAG1, i.e. SCell1. It is unwanted delay coming from wrong TAG allocation. In addition, the wrong TAG allocation results in two subsequent timing jumps (SCell1 ( SCell2 and SCell2 ( SCell1), which would severely affect UL transmission on SCells in TAG1.


[image: image1.emf]UE eNB

SCell1 in TAG1

TRC of TAG1 is changed 

to SCell2

RACH on SCell1

RACH on SCell2

TRC of TAG1 is changed 

to SCell1

SCell2 is assigned to TAG2

SCell2 is added to TAG1

Detect that UL timing of 

TAG1 is not suitable for 

SCell2, and decide to 

assign new TAG to SCell2


[Fig.1] Additional delay in SCell assignment to an existing sTAG
For a newly added SCell, if the eNB is not sure about the UL timing of the SCell, we think it would be better to assign the new SCell to a new TAG rather than to an existing TAG. If the newly added SCell2 is assigned to a new TAG in the beginning, i.e. TAG2, the timing jump problem in TAG1 would not occur.
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[Fig.2] Additional delay in SCell assignment to a new sTAG

It should be noted that assigning to a new TAG also causes delay and additional overhead, as shown in Figure 2. After performing RA procedure on SCell2, if the eNB detects that the SCell2 can be added to TAG1, the eNB has to send another configuration message to move SCell2 from TAG2 to TAG1.

However, since it requires only one more RRC message and the use of additional SCell is not time critical, we believe the demerit of this approach can be overcome by the merit, i.e. no impact on UL transmission in other TAG.

Proposal 1: When the eNB is not sure about the UL timing of the SCell newly added, the SCell is assigned to a new sTAG.

The SCell other than the timing reference cell may have timing drift while in use. It can be detected by the eNB based on the timing of UL transmission on the SCell. In this case, the eNB has to check whether the TAG is still suitable for the SCell.

If it is allowed to trigger RA procedure on SCell other than timing reference cell, the eNB would trigger RA procedure on the suspected SCell. Then, the same problem as in Figure 1 would occur, as shown in Figure 3. That is, there would be additional RA procedure on SCell1 and two subsequent timing jumps (SCell1 ( SCell2 and SCell2 ( SCell1) if the eNB decides to move the SCell2 to TAG2.
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[Fig.3] Additional delay in triggering RA procedure on SCell other than timing reference cell for probing purpose
Rather than triggering an RA procedure on the UL timing suspected SCell, it would be better to assign a new TAG first and then trigger RA procedure on the SCell. As shown in Figure 4, this approach would not cause additional RA procedure on SCell1 and timing jump in TAG1.
Proposal 2: When a timing drift is detected for an SCell, the eNB moves the SCell to a new sTAG and then triggers RA procedure.
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[Fig.4] Assigning different TAG to UL timing suspected SCell

2.2
Change of the timing reference cell in an sTAG

If the timing reference SCell experiences bad radio condition, the eNB may want to change the timing reference to another SCell which is in good radio condition in the same TAG. In this case, the RA procedure can be performed on a new SCell so that the timing reference cell is changed from old one to new one. Figure 5 shows an example of the timing reference cell change due to the bad radio condition.
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[Fig.5] Timing reference cell change due to the bad radio condition in timing reference cell

However, we think the timing reference cell change in an sTAG is not so needed because all SCells in an sTAG are likely to have similar radio condition. It’s difficult to imagine any valid scenario where only one SCell becomes very poor but others remain good in an sTAG. If SCells in an sTAG do not experience much different radio condition, it might be useless to change the timing reference cell in an sTAG.

If, for whatever reasons, only timing reference cell becomes very bad, we can rely on RRC Connection Reconfiguration for the timing reference cell change in the sTAG. This case would happen rarely, so relying on RRC should be enough.
Proposal 3: Timing reference cell change in an sTAG is achieved by RRC Connection Reconfiguration procedure.
3.
Proposal
Triggering RA procedure on SCell other than timing reference cell is not essential, and causes problems in UL transmission on SCells in the sTAG. Therefore, we propose that:
Proposal 1: When the eNB is not sure about the UL timing of the SCell newly added, the SCell is assigned to a new sTAG.

Proposal 2: When a timing drift is detected for an SCell, the eNB moves the SCell to a new sTAG and then triggers RA procedure.

Proposal 3: Timing reference cell change in an sTAG is achieved by RRC Connection Reconfiguration procedure.
Lastly, if proposals 1 to 3 are agreed, there is no need for eNB to trigger RA procedure on SCell other than timing reference cell in a TAG. 

Proposal 4: RA procedure is performed only on the timing reference SCell in an sTAG.
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