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Discussion and Decision
1
Introduction
Timing reference is one important reference in LTE system. Once UE receives a TA command or it needs to transmit preamble, it should use the timing reference and the TA value of the time to decide the UL transmission timing. In Rel-10, PCell will be taken as timing reference for all the aggregated carriers because only one TA is supported. 

In WG2 76 meeting, RAN2 agreed that SIB2-linked SCell where the RA was performed will be used as timing reference for all UL SCells in the time alignment group [1]. However, there might be some possible error case e.g. timing reference SCell is deactivated or RA is triggered on another SCell within the same sTAG. 

In WG2 77 meeting, several options were proposed to solve the error case.
Possible UE actions upon deactivation of the timing reference cell:

Alternative 1 a. The UE should continue using the deactivated DL SCell as timing reference.

Alternative 1 b. The UE uses the activated SCell with smallest cell index in the same TAG as timing reference.

Alternative 1 c. Always use the activated SCell with smallest cell index in the same TAG as timing reference, i.e., not the SIB2 linked DL SCell where RA was performed.
Alternative 1 d. The UE suspends any uplink transmission in this TA group until the network has triggered another RA (no timing reference).

Alternative 1 e. The UE uses the SCell where the latest (previous) RA procedure was performed.

Alternative 1 f. Do not allow to deactivation of the timing reference.

Possible UE actions if there is RA procedure on another SCell other than the timing reference SCell in the sTAG:
Alternative 2 a. Suspend all UL transmission in this TA group until MSG2 has been received and TA applied.

Alternative 2 b. Continue UL transmission with previous timing reference until MSG2 has been received and TA applied.

In this paper, we discuss the above issues and give our understanding. 

2
Discussion
2.1

Do we need a RA procedure when timing reference changes
The main reason why we agreed previously that a SIB-2 linked SCell where RA is performed should be taken as timing reference is because if the timing reference changes from one SCell to another, there might be “timing jump” between DL reception timing at different SCell. 

According to our understanding, the “timing jump” mainly depends on two factors, i.e. TAE and the difference of propagation delay on different cells. In [3], the maximum TAE at eNB side will be up to 1.3us for inter-band CA, and because eNB will think the DL timing is aligned at the Tx point, this timing difference will only reflect on the DL reception side, so it will be OK for UE to use one DL reception timing as reference and related TA value to transmit UL in the whole sTAG. (assuming propagation delay on different cells are same) As shown in figure below
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The second factor is the different propagation delay on different cells. According to [4], the maximum timing difference due to propagation delay (PD) will be less than 2.5us, however, eNB could sense this because same propagation delay may happen also on UL. And in [5], if the TA error is bigger than 1.56us (3 TA steps), the performance will degrade rapidly, then the maximum jump due to propagation delay will be 1.56us because if the jump is bigger than that, eNB will sense it and adjust the TA value for this sTAG. 
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So the maximum timing jump due to timing reference cell change could be up to 1.56+1.3 = 2.86us, which will be effectively impact the exact UL transmission timing and will be intolerable at eNB side. According to the analysis, we think RA procedure may still needed to avoid such case. Because when UE start to use the new timing reference, the old TA value could be invalid already.
Proposal #1: keep the previous agreement that SIB-2 linked DL SCell should be timing reference

2.2

Clarification of the timing reference determination mechanism
During the current discussion, it is not clear whether SCell which RA is triggered on, or SCell where RA is successfully performed on should be taken as timing reference for the sTAG. More specifically, whether the RA trigger should be seen as timing reference determination or Msg2 should be seen as timing reference determination. 
We think it is nature that RA trigger should be seen as timing reference determination because the transmission of preamble will also need a timing reference. For a newly configured sTAG, eNB will need to trigger random access to let UE get the TA value for it. Even the TA value to transmit the preamble is zero; UE will still need a timing reference to decide the absolute transmission timing. For the case that RA is triggered on an SCell within the sTAG has UL sync, there was proposal to let UE use the previous timing reference to keep the UL transmission but use the DL timing of SIB-2 SCell to transmit preamble, however, this is contradictive to our previous agreement that within a TA group, all the cells should share the same TA value and same timing reference. So from this sense, the DL reception timing of the SCell where RA is triggered on should be at least taken as timing reference to transmit the preamble, and the timing reference for sTAG should be set once the RA trigger is received. .
Proposal #2: RAN2 to clarify that RA trigger should be seen as a determination of timing reference for sTAG.

2.3

UL transmission during the RA procedure

From the analysis above, if the timing reference is determined once the RA trigger is received, because RA is only possible to be triggered on an activated SCell, this SCell should be able to provide the accurate timing reference at the time. 

And because the reason why we will need a RA procedure to determine the timing reference is to avoid the degredation of UL transmission performance due to “timing jump”, if the timing reference is changed when UE receives the RA trigger, the current TA value will be not valie any more if the timing reference changes too much. It is not clear now that how does the whole RA procedure on SCell look like. However, absolute TA value for the sTAG will be included in Msg2 for sure. So once the RA trigger is received on a certain SCell, and the Msg2 has not been successfully decoded by UE, UE will not have valid TA value for this sTAG even in some case, the TAT value is running. Thus we think UE should suspen all the UL transmission for the whole sTAG once RA trigger is received on one of the SCell, but Msg2 has not successfully decoded.

Proposal #3: UE should suspend UL transmission for the whole sTAG once the RA trigger is received on one of the SCell but Msg2 is not received or not successfully decoded.

2.4

SCell deactivation and timing reference

sTAG which has only one SCell

RAN2 had agreed in 75 bis meeting [6] that upon deactivation of the last SCell in an SCell-only TA group the SCell-TAT is not stopped. For a sTAG which has only one SCell, if the SCell is deactivated, even the TAT will be still running during the deactivation period until it expires, the UE will not be able to transmit anything on this SCell, and after the SCell is activated again, if the TAT is still running, UE could still use the given SCell as timing reference. So for a sTAG which has only one SCell, there will be no error case if the SCell is deactivated. 
sTAG which has more than one SCell

For a sTAG which has more than one SCell, if the timing reference SCell is deactivated somehow, eNB has to assign another SCell as timing reference to continue the UL transmission by triggering random access on it. However, for the possible error case that SCell is deactivated, e.g. the PDCCH to restart the sCellDeactivationTimer is missed and the timing reference SCell is deactivated unexpectively, the SCell should not work as timing reference any more and UE will not have a valid timing reference at that time. Without a valid timing reference, keeping UL transmission will cause UL interference to other UEs and also the UL data will not be decodeable to eNB. To avoid such consequence, a clear and simple solution will be letting UE to suspend the UL transmission for the whole sTAG before UE has both valid timing reference and TA value. 
One possibility proposed in the previous meeting is to restrict the deactivation of the timing reference SCell, e.g. not to apply implicit deactivation of the SCell if it is acting as timing reference. However, this solution will require some change to the current UE behaviour because current implicit deactivation timer is applied to all the SCells. And as analysed above, we think RA trigger should be seen as timing reference determination, but due to the fact that there might be mis-detection of RA trigger, it is possible to cause misunderstanding between eNB and UE, which may generate more error cases. 
One concern for this solution is about the thoughput loss. However, because from the NW point of view, seems there is not motivation to deactivate the timing reference SCell, and noted that we are discussing error case which will not happen very frequently, we think a simple and clear solution is desired, so we don’t need to solve the error case of error case. 
Proposal #4: UE should suspend the UL transmission for the whole sTAG if the timing reference SCell is deactivated. 

3
Conclusion
Proposal #1: keep the previous agreement that SIB-2 linked DL SCell should be timing reference

Proposal #2: RAN2 to clarify that RA trigger should be seen as a determination of timing reference for sTAG 
Proposal #3: UE should suspend UL transmission for the whole sTAG once the RA trigger is received on one of the SCell but Msg2 is not received or not successfully decoded.
Proposal #4: UE should suspend the UL transmission for the whole sTAG if the timing reference SCell is deactivated. 
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