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1 Introduction

At RAN2#77bis meeting it has been agreed that UE can select any activated sCell from a TAG as the downlink timing reference (DTR) for this TAG. This agreement was made under the assumption that there are no issues with respect to RAN4 testability, i.e. a LS has been sent to RAN4 for confirmation. This contribution discusses the detailed UE behaviour with respect to the uplink timing when UE changes the downlink timing reference within a TAG. 

2 Discussion

In previous discussion, it has been turned out, that there seems to be quite some different understanding about how the UE would behave w.r.t the uplink timing when changing the timing reference. Since according to the latest agreement UE can autonomously select and change the timing reference within a TAG and hence eNB is not aware of the currently applied timing reference we think it’s worthwhile to look in more detail at the UE behaviour when changing the timing reference and discuss any potential implications therefrom. 

Before moving to the detailed UE behaviour at a timing reference change we shortly recap the uplink transmit timing control functionality which is mainly specified in RAN4 specification TS36.133[1]. 
The uplink transmission timing is mainly governed by two parameters namely NTA and NTA_Ref .  NTA_Ref denotes the reference timing alignment value and is only updated when UE receives a timing advanced command. NTA refers to the current applied timing alignment value, i.e. the uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. NTA may deviate from NTA_Ref  due to fact that the change of uplink transmission timing is adapted only slowly, i.e. by a adjustment rate of 200ms, but the downlink reception timing of the first detected path could change more quickly. The change of first detected path occurs due to fading, clock drift, mobility, etc. . UE always tries to keep the differences between NTA and NTA_Ref, also referred to as timing error TE, within some certain limit, however due to fluctuations of the first detected path, NTA and NTA_Ref could often differ by more than TE in which case UE autonomously adjust its uplink transmission timing. In case there will be no change of the first detected path over a long period, NTA will converge to NTA_Ref.
When changing the downlink timing reference (DTR) we see in general four different alternative UE behaviours:
· Option 1:  UE considers change of the DL timing reference as “DL path moving”.  UE does not change uplink timing immediately but similar to DL path moving, UE will gradually adjust its uplink timing
· Option 2: UE uses downlink timing of new DTR minus NTA_Ref as initial uplink transmission timing after DTR change. Hence, UE changes it’s uplink timing immediately, i.e. a jump in the uplink timing occurs.
· Option 3: UE autonomously adjusts NTA_Ref  by the difference between old and new DTR. UE does not change uplink timing. UE even does not gradually adjust its uplink timing. 
· Option 4: UE behavior is not specified, i.e. left to implementation
With option 1 NTA_Ref stays the same at DTR change. UE will gradually adjust its uplink timing. Respectively, it will adjust NTA towards NTA_Ref.  This can be seen as if the uplink timing control procedure is continued also at a DTR change. According to the second alternative UE will stop the uplink timing procedure at a DTR change and start with some new initial uplink transmission timing, i.e. new downlink timing minus NTA_Ref, after DTR change. Timing jumps may happen in this case. How large these timing jumps are depends on how much the timing among the cells in an sTAG differs and how much NTA and NTA_Ref differed before the DTR change. In spite of such jump, if eNB receiver window is sufficiently wide, eNB handles it similar to “UL path moving”. 
In the third option UE will autonomously adjust NTA_Ref  by the downlink timing difference between old and new DTR. This has the effect that the reference uplink transmission timing and also the difference between NTA and NTA_Ref will stay the same at the DTR change. Option 4 would be to not specify the UE behaviour (Option 1 to 3) but rather leave it to UE implementation. Figure 1 below illustrates the UE behaviour for the different options.
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Figure 1: Visualization of Option 1 to Option 3

When it comes to a comparison of the different options one could argue that the differences between options 1 to 3 might be rather small assuming that the timing of cells within a TAG are sufficiently aligned. Therefore leaving it to UE implementation might be a reasonable solution. On the other hand a network vendor may prefer to avoid option 2 since it bears the risks of uplink timing jumps (even though these jumps might not be large). Option 3 might not be preferred from the perspective that it changes the current principle that NTA_Ref  is updated only when UE receives a timing advanced command. Since DTR changes are decided by UE and not known to eNB, to change NTA_Ref  based on DTR would decrease the predictability of the UE behaviour. However, it should be mentioned that option 3 is still a workable solution. 
As the main expertise of this contribution’s topic is within RAN1 and RAN4, we propose to discuss in RAN2 how to best proceed with this topic within 3GPP.  
3 Conclusions

This contribution discusses the detailed UE behaviour at a downlink timing reference change. It’s proposed to discuss the different presented options within RAN2 and to also discuss how to further handle this topic within 3GPP.
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