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In this document we discuss some of the remaining issues on features related to NR Coverage Enhancement. In particular, the discussion is focused on the following four aspects:
· UE capability on restarting DMRS bundling
· DMRS bundling for uplink multi-carrier scenarios
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In the last RAN1 meeting, UE capability on restarting DMRS bundling was discussed extensively. In particular, the focus was on UE behaviour when a semi-static event follows or overlaps a dynamic event. In such a case there did not appear to be a clear consensus on how a UE that is incapable of restarting DMRS bunding would behave. The two cases are illustrated in the figure below.
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Figure 1 Scenarios where a semi-static event overlaps or follows a dynamic event. UE behavior on restarting bundling after such a semi-static event may need to be clarified. (Taken from R1-2205483)

Although we believe that a UE that is incapable of restarting bundling after a dynamic event will not be able to restart bundling in the two scenarios outlined above and that this is indeed how the specification is currently written, there does not seem to be a consensus on this behaviour. We are open to provide further clarity on this matter.
We think it is important to let a UE that is incapable of restarting DMRS bundling in response to dynamic events to not have to restart bundling in case of subsequent semi-static events. This is a very useful baseline implementation to have and lets us test the core aspects of this feature. We are unsure of whether the dynamics of restarting DMRS bundling will lead to stable operation in practical deployments. This capability fallback is a useful mode of operation to understand how much benefit there is in real-world deployments and as a stepping stone towards fully dynamic operation.
Since there is preference for UEs to restart bundling after every semi-static event, we suggest amending the current UE capability on restarting DMRS bundling by introducing three classes of UEs:
· UE Cap 0: no ability to restart bundling after dynamic events
· UE Cap 1: ability to restart bundling after semi-static events only 
· UE Cap 2: full ability to restarting bundling after semi-static or dynamic events
Cap 0 UE will have a simple implementation, while Cap 1 UE will try to restart bundling after a semi static event and Cap 2 UE will have full ability to restart bundling.
This amendment should sufficiently clarify UE behaviour. We support the following proposal discussed in the last meeting:
Proposal 1:
· For UE not capable of restarting DMRS bundling in response to dynamic events subject to FG-4g, 
· UE is able to restart DMRS bundling after a semi-static event, if there are no precedent dynamic events and no overlapping dynamic events with the semi-static event within the nominal TDW. 
· It’s subject to UE capability whether UE can restart DMRS bundling after a semi-static event, if there are precedent dynamic events or overlapping dynamic events with the semi-static event within the nominal TDW. 
· UE Cap 0: UE has no ability to restart DMRS bundling after a dynamic event, i.e., after a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the end of the nominal TDW. This behaviour applies even if semi-static events occur after or overlapping with the dynamic event within the nominal TDW.
· UE Cap 1: UE is always able to restart DMRS bundling after semi-static events. In case a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the next semi-static event (if any) before the end of the nominal TDW, and UE restarts DMRS bundling after the semi-static event.
· For UE capable of restarting DM-RS bundling in response to dynamic events subject to FG-4g, 
· UE Cap 2: UE has full ability to restart DMRS bundling, i.e., UE restarts DMRS bundling after any dynamic or semi-static events.
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This issue was discussed extensively in the last meeting. The goal of this exercise is to ensure that DMRS bundling can be enabled in at least certain multi-carrier scenarios where concurrent transmissions do not occur and no further RAN1 specification change is necessary.
To avoid issues due to intervening transmission on a second carrier when an actual TDW for DMRS bundling on the first carrier spans unoccupied gaps between slots, we suggest that support for bundling across non back-to-back scenarios be limited to single carrier scenarios:
Proposal 2: Add the following constraint to 30-4h (non-back-to-back case):
 “Note: This capability is only applicable when UE is configured with single uplink carrier.”
Next, focusing on the four FGs for DMRS-bundling across back-to-back slots with no gaps in transmission, we suggest that DMRS bundling be supported as long as there are no concurrent transmissions across carriers for FR1+FR2 inter-band scenarios. This can then be added to the FR1+FR2 CA/DC scenario already identified by RAN4 as being feasible and currently included in the RAN4 specification. We make the following proposal:
Proposal 3: Add the following constraints to UE capability FGs 30-4a, 4b, 4c, and 4d (the four back-to-back cases):
“Note: This capability is applicable in the following multi-carrier scenarios:
· FR1+FR2 CA/DC with one band on FR1 and another band on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· SUL 
· FR1+FR1 Inter-band CA/DC involving two or more FR1 bands where UE does not expect concurrent uplink transmissions on any two carriers
All carriers must belong to a single TAG”

Further we suggest that support for these FGs be indicated at per band and per band combination granularity.
Proposal 4: UE capability FGs 30-4a, 4b, 4c, and 4d are signaled at per band and per band combination granularity
Conclusion
We make the following proposals in this document:
Proposal 1:
· For UE not capable of restarting DMRS bundling in response to dynamic events subject to FG-4g, 
· UE is able to restart DMRS bundling after a semi-static event, if there are no precedent dynamic events and no overlapping dynamic events with the semi-static event within the nominal TDW. 
· It’s subject to UE capability whether UE can restart DMRS bundling after a semi-static event, if there are precedent dynamic events or overlapping dynamic events with the semi-static event within the nominal TDW. 
· UE Cap 0: UE has no ability to restart DMRS bundling after a dynamic event, i.e., after a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the end of the nominal TDW. This behaviour applies even if semi-static events occur after or overlapping with the dynamic event within the nominal TDW.
· UE Cap 1: UE is always able to restart DMRS bundling after semi-static events. In case a dynamic event occurs during a nominal TDW, UE does not restart DMRS bundling until the next semi-static event (if any) before the end of the nominal TDW, and UE restarts DMRS bundling after the semi-static event.
· For UE capable of restarting DM-RS bundling in response to dynamic events subject to FG-4g, 
· UE Cap 2: UE has full ability to restart DMRS bundling, i.e., UE restarts DMRS bundling after any dynamic or semi-static events.
Proposal 2: Add the following constraint to 30-4h (non-back-to-back case):
“Note: This capability is only applicable when UE is configured with single uplink carrier.”
Proposal 3: Add the following constraints to UE capability FGs 30-4a, 4b, 4c, and 4d (the four back-to-back cases):
“Note: This capability is applicable in the following multi-carrier scenarios:
· FR1+FR2 CA/DC with one band on FR1 and another band on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· SUL 
· FR1+FR1 Inter-band CA/DC involving two or more FR1 bands where UE does not expect concurrent uplink transmissions on any two carriers
All carriers must belong to a single TAG”

Proposal 4: UE capability FGs 30-4a, 4b, 4c, and 4d are signaled at per band and per band combination granularity.
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