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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]At RAN2#106, the group concluded that RAN2 will assume IS/OOS indications from the physical layer are periodic, even though the corresponding reference signals may not be periodic.  An LS was sent to RAN1 to inform them of this assumption and ask them to design a corresponding mechanism.  This document further analyses the issue from a RAN2 perspective, and attempts to progress the discussion on the assumption that RAN1 will provide some sort of periodic notification mechanism.
Discussion
Strictly speaking, the LS from RAN2 may be asking the impossible, in that if the reference signals for RLM are aperiodic, there is fundamentally no way for the receiving UE to distinguish a period of no reference signals (e.g. due to having no traffic) from bad link conditions.  This could force the lower layers of the UE to provide a tri-state indication: IS/OOS/Unknown, where the “unknown” condition means that the lower layer did not detect a reference signal but also does not know that one was expected.
Various mechanisms to generate a tri-state indication can be imagined, and we understand that RAN1 need to discuss possible approaches.  However, such an approach could require some support from RAN2 as well, and it may be worthwhile to analyse the impact to support it.
Assuming the reference signals accompany traffic, if the PHY layer knows when traffic is or is not expected, it can know whether to attempt to measure the reference signals, and indicate “unknown” when no reference signal was expected, as shown in Figure 1.


[bookmark: _Ref15118929]Figure 1: "Unknown" indications when no RS are expected
After the “final traffic” transmission is received, the Rx UE PHY indicates IS/OOS normally (corresponding to the most recently received RS that accompanied the last burst of traffic), and thereafter, it indicates “unknown” until traffic starts again.  (Note that this does not imply a DRX behaviour; the Rx UE is still monitoring for incoming transmissions, and when the traffic restarts and new RSs are detected, it can resume sending IS/OOS indications to the RRC layer.)
This process assumes that the PHY layer in the Rx UE is somehow made aware when traffic terminates.  The Tx UE could provide this information based on the state of its transmit buffers and/or on information from the service layer about the traffic pattern; a reasonable approach would be a L2 indication such as a MAC CE with an “end of traffic” flag, sent from the Tx UE when no more traffic is expected.  The “unknown” indications, when the traffic ended cleanly on a link that was previously in sync, could be interpreted by the Rx UE RRC as “still in sync”.  (The determination of when traffic is not “expected” can be left to UE implementation; e.g., upper layers could indicate to the MAC layer when a period of silence starts.)
RAN2 cannot really take a decision on this approach unless RAN1 conclude that a tri-state indication is needed.  However, we submit that a conditional conclusion could be made.
Proposal 1: If lower layers in the Rx UE need to provide a tri-state “IS/OOS/unknown” indication for RLM, upper layers in the Rx UE can support this with an “end of traffic” indication from the Tx UE.
As an alternative to a tri-state indication, the Rx UE PHY could simply continue to indicate IS after the “end of traffic” indication.  This is not really a perfect set of semantics (an IS indication may suggest that the PHY layer knows the state of the link, while “unknown” more accurately reflects that it does not know), but it would suffice to prevent upper layers from declaring RLF during periods of no traffic.
Proposal 2: If lower layers in the Rx UE send IS indications during periods when no RS are expected, upper layers in the Rx UE can support this with an “end of traffic” indication from the Tx UE.
A supervisory timer could be considered, so that the PHY does not send “unknown” or IS indications forever if the Tx UE is lost during a period of no traffic.
The common theme here is that upper layers can indicate to the PHY when to change its RLM behaviour based on not expecting reference signals.  RAN1 need to take a decision on the exact mechanism in use by the PHY, but it should be clear that RAN2 can support such a process.
Conclusion
This document promulgated the following proposals:
Proposal 1: If lower layers in the Rx UE need to provide a tri-state “IS/OOS/unknown” indication for RLM, upper layers in the Rx UE can support this with an “end of traffic” indication from the Tx UE.
Proposal 2: If lower layers in the Rx UE send IS indications during periods when no RS are expected, upper layers in the Rx UE can support this with an “end of traffic” indication from the Tx UE.
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