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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
· Inter-slot frequency hopping for PUSCH with DMRS bundling
· A-CSI multiplexing with TBOMS
· Available slot counting for Inter-cell multi-TRPs
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]UE Capability on Restarting DMRS Bundling
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:
· 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.
Determination of Inter-slot Frequency Hopping When DMRS Bundling is Enabled
For PUSCH, although it was agreed that inter-slot frequency hopping would be based on physical slot indices when DMRS bundling is enabled, this is not currently captured in the 38.214 specification since there was no agreement on whether the hop determination should be dependent only on slot index or also depend on frame index. To better align with legacy implementations of inter-slot frequency hopping, we believe it suffices to make this dependent only on slot index and that there is no need to introduce frame index. We therefore make the following proposal:
Proposal: For PUSCH, when DMRS bundling and inter-slot frequency hopping are enabled, the RB allocations are determined only by slot index. We suggest the following text proposal presented in R1-2207202:
	6.3.1 Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
<omitted text>

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by: [

]


where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by: 





where  is the current slot number within a system radio frame,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.
<omitted text>




A-CSI Multiplexing with TBOMS 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]In the last RAN1 meeting it was recognized that although we agreed to reuse the UCI multiplexing framework for TBOMS, certain aspects related to A-CSI multiplexing were not clearly spelled out. In that context, the following agreement was made:
	Agreement
Note: To editors, above agreement on SP/A-CSI multiplexing on a slot of TBoMS with UL-SCH is modified as follows.
· SP/A-CSI multiplexing on a slot of TBoMS with UL-SCH is supported.
· FFS: which slot of the single TBoMS (and which repetition, in case of TBoMS repetition) is selected for SP/A-CSI multiplexing.
· SP/A-CSI multiplexing on TBoMS without UL-SCH is not supported.




The above agreement proposes to multiplex UCI on a slot of TBOMS but the question on which slot of TBOMS to multiplex in remains to be resolved. For legacy PUSCH repetition Type A, A-CSI is carried on the first slot and not repeated in subsequent slots.

A similar approach can be adopted for TBOMS where A-CSI is multiplexed on the first slot of TBOMS. It was argued that such an approach could lead to performance degradation since A-CSI uses resources that would have been allocated for systematic bits and losing systematic bits could lead to a greater drop in performance compared to losing parity bits. While this is expected, we think these issues are completely within the control of gNB. A-CSI trigger is a deliberate choice by the gNB. gNB knows the number of resources to be used for CSI and UL-SCH. The gNB can therefore pick the right MCS to avoid any performance degradation.  Further if the gNB knows that A-CSI is to be multiplexed, an RV index other than RV0 can be chosen so that the systematic bits are not all mapped to the first slot.

Further, we expect A-CSI to be a delay-sensitive payload and it might be prudent to send it out on the very first slot. Waiting for third or fourth slot of TBOMS could involve a large delay, especially in TDD systems. For example, if we assume a DDDSU slot pattern and a 4-slot TBOMS, letting A-CSI be carried on the 4th slot would mean at least 16-slot delay between the time TBOMS is triggered to the time CSI is received. Such a large delay may not be desirable. When A-CSI is to be carried using TBOMS, we prefer to prioritize A-CSI over UL-SCH.

Finally, an RV-specific, UCI-payload specific and PUSCH-type specific rules on UCI handling are not desirable during the maintenance phase. We prefer a quick and simple resolution of the issue at hand and align with legacy behavior. We therefore make the following proposal:
Proposal: A-CSI is multiplexed on the first slot of the first repetition of TBOMS. Adopt the following text proposal presented in R1-2207203:
	6.1.2.1	Resource Allocation in Time Domain
<unchanged text omitted>
When transmitting MsgA PUSCH on a non-initial UL BWP, if the UE is configured with startSymbolAndLengthMsgA-PO, the UE shall determine the S and L from startSymbolAndLengthMsgA-PO.
When transmitting MsgA PUSCH, if the UE is not configured with startSymbolAndLengthMsgA-PO, and if the TDRA list PUSCH-TimeDomainResourceAllocationList is provided in PUSCH-ConfigCommon, the UE shall use msgA-PUSCH-TimeDomainAllocation to indicate which values are used in the list. If PUSCH-TimeDomainResourceAllocationList is not provided in PUSCH-ConfigCommon, the UE shall use parameters S and L from table 6.1.2.1.1-2 or table 6.1.2.1.1-3 where msgA-PUSCH-TimeDomainAllocation indicates which values are used in the list. The time offset for PUSCH transmission is described in [6, TS 38.213].
For PUSCH repetition Type A and TB processing over multiple slots, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Clause 9, Clause 11.1, Clause 11.2A and Clause 17.2 of [6, TS 38.213]. 
For TB processing over multiple slots, when a UE is scheduled to transmit a transport block and aperiodic CSI report(s) on PUSCH by a 'CSI request' field on a DCI, the CSI report(s) is multiplexed only on the first transmission occasion of the first repetition.
<unchanged text omitted>



Available Slot Counting for Inter-cell Multi-TRPs
In the last RAN1 meeting it was extensively discussed whether a UE should take SSBs indicated by ssb-PositionsInBurst in SSB-MTCAdditionalPCI into account when determining available slots for PUSCH transmission. It was noted that at any point in time there are only 2 active PCIs and only SSBs associated with these two PCIs will need to be received by the UE. However, it is expected that the UE will have to make measurements during the other SSBs in SSB-MTCAdditionalPCI that are associated with inactive PCIs to track the strongest TRPs. This then prevents the UE from transmitting the PUSCH repetition. To maximize the number of actual PUSCH repetitions that are transmitted its then best to account for all the SSBs listed in SSB-MTCAdditionalPCI. This approach further avoids having the change UE behavior based on reception of MAC-CEs indicating the set of active PCIs --- it is in alignment with prior agreement on the identification of available slots.
For these reasons, we make the following the proposal:
Proposal 4: For available slot determination, SSBs listed in ssb-PositionsInBurst of SystemInformationBlockType1 or in ssb-PositionsInBurst of ServingCellConfigCommon and all the SSBs listed in ssb-PositionsInBurst of SSB-MTCAdditionalPCI are used for the available slot determination.
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: For PUSCH, when DMRS bundling and inter-slot frequency hopping are enabled, the RB allocations are determined only by slot index. We suggest the following text proposal presented in R1-2207202.
Proposal 3: A-CSI is multiplexed on the first slot of the first repetition of TBOMS. Adopt the following text proposal presented in R1-2207203.
Proposal 4: For available slot determination, SSBs listed in ssb-PositionsInBurst of SystemInformationBlockType1 or in ssb-PositionsInBurst of ServingCellConfigCommon and all the SSBs listed in ssb-PositionsInBurst of SSB-MTCAdditionalPCI are used for the available slot determination.
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