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Introduction
The following open MAC issue has been identified in [1], for which companies have been invited to provide contributions.

Open Issue 17: UL synchronization failure
RAN2 to discuss how to handle UL synchronization failure due to the validity timer expiry (discussed in R2-2201755 but no conclusion)

In this document, we provide our views on this topic.
Discussion
The issue of validity timer expiry has been discussed in RAN1 where they reached the following agreement in RAN1 #106bis-e meeting.

The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
FFS: details on now to acquire new or additional assistance information

Subsequently, in RAN2 #116bis-e, this topic attracted significant offline [2] and online [3] discussion, but no consensus was reached. 

This topic was also discussed in RAN2 in the context of IoT NTN and the following agreement was reached.

When SI used for UL synch (pre-compensation) is no longer valid, the UE autonomously tunes away and re-acquires the required SI, and then comes back. FFS whether anything additional is needed.

For NR NTN, we then have three options on the table when validity timer expires.

· Option 1: Upon expiry of the validity timer, UE flushes all HARQ buffers and release all resource configuration, and UE needs to first acquire the serving satellite ephemeris data and common TA parameters from SIB, before triggering RACH to recover UL synchronization. [4]

· Option 2: If the UL synchronization timer expires, the UE stop all uplink transmissions and triggers RLF. [5]

· Option 3: The UE autonomously tunes away and re-acquires valid SIB information (SIBxx). 

Before down-selecting and developing one of the above options further, it is useful to understand how big a problem this really is. In other words, how likely is it that a UE in RRC Connected state finds itself in a state where the acquired SIBxx is no longer valid. In our view, this is quite an unlikely event. As described in [4], if the UE’s active BWP is provided with common search space to acquire SIBxx, then the UE should be able to acquire valid SIB before the validity timer expires. Exactly when the UE decides to acquire SIBxx can be left to UE implementation. In the case that the UE’s active BWP is such that the UE is unable to acquire BWP, then it becomes the network’s responsibility to ensure that the UE has valid SIB; e.g., by using dedicated RRC signalling to send SIBxx or switching the UE to another BWP where it can acquire SIBxx. So, it should be quite rare for the UE to be stuck with invalid SIB in the first place.

Observation 1: For a UE in RRC Connected state, the UE is unlikely to have invalid SIBxx due to validity timer expiry. The network should ensure that the UE always has valid SIBxx.

Based on observation 1, it does not really matter which of the three options listed above are chosen since they are catering to an event that is unlikely to occur. RAN2 should not develop a new mechanism to handle this issue.

Proposal 1: No special mechanism needs to be developed to handle validity timer expiry.

Among the three options, our view is that option 3 is the most attractive. We observe that the timeAlignmentTimer (TAT) and validity timer serve different, if related, purposes. Certainly the UE should not be allowed to make any uplink transmission when either timer expires. But the time taken for the UE to acquire SIBxx can be quite small. So the action taken on TAT expiry (flushing of HARQ buffers, release of configured grants etc.) may be overkill. Allowing the UE to quickly acquire SIBxx and return to normal service seems more efficient. The situation with RLF is in some sense even worse because the UE will take much longer to re-establish the RRC connection.

Observation 2: Both the actions performed on TAT expiry and RLF will result in latency and data loss, compared to just acquiring SIBxx.

Some companies have observed that when the UE autonomously tunes away SIBxx, the network is not aware of UE state. In particular, the network may still schedule uplink and downlink transmissions which the UE is unable to temporarily honour. However, since this misalignment occurs rarely and lasts for only a short while, we think it is acceptable to allow the behaviour specified in Option 3.

We also think that it makes sense to align NR NTN with IoT NTN and as far as possible specify the same behaviour for both RATs.

Proposal 2: On validity timer expiry, the UE autonomously tunes away and re-acquires valid SIB information (SIBxx).
Conclusions
In this document, we provide our views on UL synchronization and validity timer expiry. Our observations and proposals are summarized below.

Observation 1: For a UE in RRC Connected state, the UE is unlikely to have invalid SIBxx due to validity timer expiry. The network should ensure that the UE always has valid SIBxx.

Proposal 1: No special mechanism needs to be developed to handle validity timer expiry.

Observation 2: Both the actions performed on TAT expiry and RLF will result in latency and data loss, compared to just acquiring SIBxx.

Proposal 2: On validity timer expiry, the UE autonomously tunes away and re-acquires valid SIB information (SIBxx).
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