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1. Introduction
In this contribution, we consider UE features needed for the objectives of the NR coverage enhancement work item:
· Type A PUSCH enhancement,
· transport block over multi-slot PUSCH (TBoMS), 
· joint channel estimation for PUSCH and PUCCH, 
· PUCCH repetition enhancement, 
· and Type A PUSCH repetition for Msg3.
We make suggestions based on the current discussion of UE features from [1] as well as on the initial proposals in [5].
2. Discussion
2.1 Type A PUSCH enhancement
[bookmark: _Ref83819515]For Type A PUSCH repetition, a set of UE features discussed so far are summarized and updated in Table 1. There were no updates to the features to the feature list in RAN1#106bis, and so the changes are shown with respect to the features as listed in [5]. The main updates proposed are:
30-1: The Rel-15 repetition factor of PUSCH repetition is configured in a semi-static way. While in Rel-16, it can be dynamically indicated by DCI 0_1 or DCI 0_2. Based on the agreement in RAN1#106e that DCI format 0_1 and DCI format 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists, we think Rel-17 PUSCH repetition Type A with increased maximum repetition numbers is based on Rel-16 PUSCH repetition Type A, which is [11-6].
30-1a: 2 Typos are corrected. And given [30-1] already includes [11-6] which is for both CG Type 2 PUSCH and DG PUSCH, we should remove [5-16].
30-2: Time domain resource allocation of Rel-17 PUSCH repetition based on available slots is configured in the same way as PUSCH repetition with increased number of repetitions. Therefore, its prerequisite feature group is Rel-16 PUSCH repetition with dynamic indication of number of repetitions [11-6].
30-2a: Since whether Type 1 CG-PUSCH will support repetitions counting on the basis of available slots is still open, no agreement has been made yet. So we should remove [5-14] (Type 1 configured PUSCH repetitions over multiple slots) at this stage unless RAN1 agrees on enhancing CG Type 1 PUSCH repetition to support repetition factors counted based on available slot, and clarify that Type 2 is supported in the feature group name. And given [30-2] already includes [11-6] which is for both CG Type 2 PUSCH and DG PUSCH, we should also remove [5-16].
[bookmark: _Ref84003049]Table 1: Capabilities for PUSCH Repetition Type A Enhancement
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-1
	Increased maximum number of PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a DCI.
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11][5-17] [11-6]
	

	30-1a
	Increased maximum number of Type 2 configurecd grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is jointly coded with SLIV in TDRA list. A row index of the TDRA list is indicated by a Type 12 configured grant configuration.
	[5-16], [30-1]
	

	30-2
	PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-17] [11-6]
	

	30-2a
	Type 2 configured grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for configured grant Type 2 PUSCH are determined on the basis of available slots. RV is cycled across transmission occasions.
	[5-14 or 5-16], [30-2]
	



[bookmark: _Toc84002564][bookmark: _Toc84022134][bookmark: _Toc84022364][bookmark: _Toc84063242][bookmark: _Toc84063250][bookmark: _Toc86951284]UE features for PUSCH Repetition Type A Enhancement are defined according to Table 1.
2.2 Transport Block over Multi-slot PUSCH (TBoMS)
[bookmark: _Ref83819458]The current status of features for TBoMS from [1] are captured in Table 2 (where the yellow shaded cell indicates an area identified by the moderator as for further discussion) as well as our suggested changes. Our rationale is as follows:
30-3: The transmission of a single TBoMS is over at least two slots. This needs indication of the UE’s capability. [11-6] is the enhanced PUSCH repetition Type A in Rel-16 with the number of repetitions jointly coded with SLIV in TDRA table. Although TBoMS uses Type A-like resource allocation, it is a different type of UL transmission. We don’t see the need of a prerequisite feature beyond basic PUSCH transmission.
30-3a: As agreed in RAN1#106e, TBoMS with repetition is supported, which can be considered as a sub-feature of TBoMS. PUSCH repetition Type A and Type B are already defined, and we do not see a need to require UEs to support TBoMS repetition if Type A and Type B can alternatively be supported.
[bookmark: _Ref86954110]Table 2: Capabilities for Transport Block over Multi-slot PUSCH
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH in RRC connected mode.

	[11-6]
	

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support of repetition of TB processing over multi-slot PUSCH in RRC connected mode.
	[30-3]
	



[bookmark: _Toc86951285]UE features for transport block over multi-slot PUSCH are defined according to Table 2.
2.3 Joint channel estimation for PUSCH and PUCCH
[bookmark: _Hlk71539747]Largely due to the need for further input from RAN4, there was little progress on features for joint channel estimation in RAN1#106bis.  Therefore, the described in the Table 3 below are those based on the initial UE feature discussion in [5].  Given the discussion in RAN1#106bis and further investigation, we have updated our views on 30-4f and 30-4g, as discussed further below. Our rationale for each of the features is as follows:
30-4, 30-4a, & 30-4d: A basic UE feature supporting joint channel estimation should be defined jointly for PUCCH and PUSCH, given the RAN1#104 agreement to strive for a common design for PUSCH/PUCCH with DMRS bundling as much as possible. So we think 30-4, 30-4a and 30-4d can be merged into 30-4. DMRS bundling for PUSCH will be supported for Rel-15, -16, and -17 PUSCH repetition Type A and B as well as TBoMS. We note that 11-6, PUSCH Repetition Type A, depends on one of 5-16 and 5-17. Since prerequisites are what is required to configure a feature, and not what can be configured with a feature, this dependency on 5-16 and 5-17 means that 11-6 is not technically a prerequisite. Therefore, the prerequisites are 5-14, 5-16, 5-17, 11-5, or 30-3. As suggested (tentatively) by the moderator, the Rel-15 feature for PUCCH repetition (4-23, ‘Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8’), seems needed for PUCCH bundling for slots format 1/3/4. Similarly, the new Rel-17 feature 25-2, “Repetitions for PUCCH format 0, and 2 over multiple slots with K = 2, 4, 8” is needed for formats 0/2. The values for the time domain window size are still being discussed in RAN4, and so the candidate values are t.b.d. 
30-4b: The working assumption confirmed in RAN1#106 identifies support for PUSCH repetition type B in a UE configured joint channel estimation as an additional UE capability. Therefore, in addition to the basic support of DMRS bundling, the UE will also need to support PUSCH repetition Type B, i.e. Rel-16 feature 11-5. We suggest clarifying the wording of 30-4b to be “Support DM-RS bundling when configured for PUSCH repetition type B” because DM-RS bundling does not change when configured for PUSCH repetition Type B, since the agreement is that it reuses only those joint channel estimation specification enhancements defined to support repetition Type A.
30-4c: Similar to 30-4b, our understanding is that DM-RS bundling for TBoMS is not any different than for Type A repetition, so it is not specifically for TBoMS, but the support is for DM-RS bundling when TBoMS is configured. Suggest: “Support DM-RS bundling when configured for TB processing over multi-slot PUSCH”.
30-4e: As discussed in [2] and [3], new inter-slot frequency hopping patterns provide notable gains for both PUSCH joint channel estimation and for TBoMS. PUSCH Type A scheduling (2-16) is assumed as a baseline for both of these features and so should be a prerequisite. Lastly, especially since UEs in a cell not supporting JCE or TBoMS should be able to hop with UEs configured for JCE and/or TBoMS, and since enhanced frequency hopping patterns can have gains for UEs not configured for JCE and/or TBoMS, 2-16 should be a sufficient prerequisite for PUSCH inter-slot frequency hopping, and e.g. 30-4 and 30-3 should not be prerequisites.
30-4f: After simulating PUCCH frequency hopping according to a new pattern designed originally for joint channel estimation, we find that the pattern is beneficial for PUCCH as well as for PUSCH, as can be seen in our contribution [4]. Since the new pattern can be supported for both PUCCH and PUSCH, we suggest that it is merged with 30-4e, but that 30-4e is clarified that PUCCH is supported as well by the new hopping pattern.  PUCCH repetition 4-23 can be a starting point for a prerequisite for enhanced inter-slot frequency hopping for PUCCH.
30-4g: Agree with moderator’s approach, but suggest to rephrase somewhat. As agreed in RAN1#106, there is a UE capability for when a configured time domain window is split into multiple actual windows and DMRS bundling is restarted in the new window. Since whether the terminology ‘actual window’ and ‘configured window’ is used in specifications is FFS, describing the capability more directly as is done in 30-4g seems appropriate. The phrase ‘restarting DM-RS bundling’ seems a bit imprecise, and the event timing could be more clear. We suggest clarifying with the component description with “Support restarting bundling of PUCCH and PUSCH DM-RS remaining in a bundling window after the an event that violate causes power consistency and phase continuity not to be maintained.”.  This is in line with the description of events in the current draft of 38.214 section 6.1.7.
30-4h: The working assumption confirmed in RAN1#106 requires that non-back-to-back PUSCH transmissions be a UE capability. RAN4 has indicated that it is possible to support phase continuity and power consistency for non-back-to-back transmission only where the gap is 13 symbols or less (in R4-2114991), but is still discussing whether continuity/consistency with DL slots between the bundled PUSCH repetitions is feasible. Furthermore, RAN4 has indicated that continuity/consistency can be maintained for back-to-back slots if the UE transmits other channels or signals between bundled PUSCHs, however the conditions are quite restrictive, and RAN4 is asking RAN1 about the consequences if bundling cannot be maintained in these cases. Furthermore, for PUCCH, RAN1 has agreed in RAN1#106 to prioritize the use case where UE does not transmit between the bundled PUCCHs. Therefore, the capability for non-back-to-back operation here only includes the case where UE does not transmit PUSCH or PUCCH in adjoining slots. The intention is that if support for additional non-back-to-back operation is agreed, e.g. for bundling across DL slots or where UE transmits other channels/signals between PUSCH/PUCCH repetitions, then additional capabilities can be defined.
[bookmark: _Ref83818977]Table 3: Capabilities for PUSCH and PUCCH Joint Channel Estimation
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-4
	[The maximum duration for DM-RS bundling]
DMRS bundling
	1) DMRS bundling for PUSCH
2) DMRS bundling for PUCCH
3) Maximum window duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
	1: [5-14, 5-16, 5-17, 11-5, or 30-3]
2: 4-23 or 25-2
	Component-3: 
Candidate values T.B.D.

	30-4a
	[DM-RS bundling for PUSCH repetition type A]
	Support DM-RS bundling for PUSCH repetition type A
	[30-4], [30-1] or [30-2]
	

	30-4b
	[DM-RS bundling for PUSCH repetition type B] 
	Support DM-RS bundling when configured for PUSCH repetition type B
	[30-4], [11-5] [30-1]
	

	30-4c
	[DM-RS bundling for TB processing over multi-slot PUSCH]
	Support DM-RS bundling when configured for TB processing over multi-slot PUSCH
	[30-4], [30-3]
	

	30-4d
	[DMRS bunding for PUCCH repetitions]
	Support DM-RS bundling for PUCCH repetitions
	[30-4], [4-23]
	

	30-4e
	[Enhanced Inter-slot frequency hopping with inter-slot bundling for PUSCH and PUCCH]
	Support enhanced inter-slot frequency hopping pattern with inter-slot bundling for PUSCH and PUCCH
	[30-4a] or [30-4b] or [30-4c]
2-16, [4-23]
	

	30-4f
	[Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling]
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[30-4d]

	

	30-4g
	[Restart DM-RS bundling after the events that violate power consistency and phase continuity]
	Support restarting bundling of PUCCH and PUSCH DM-RS remaining in a bundling window after the an event that violate causes power consistency and phase continuity not to be maintained.
	[30-4]
	

	30-4h
	DMRS bundling for discontinuous transmission between adjoining slots
	Support for DMRS bundling when UE does not transmit between bundled PUSCH/PUCCH repetitions in adjoining slots
	30-4
	



[bookmark: _Toc86951286]UE features for PUSCH and PUCCH joint channel estimation are defined according to Table 3
2.4 PUCCH repetition enhancement
The current status of features for PUCCH repetition enhancement from [1] are captured in Table 4 (where the yellow shaded cells indicate an area identified by the moderator as for further discussion), as well as our suggested changes. Our rationale is as follows:
In RAN1#106bis, there was discussion on what the prerequisite feature should be for slot based dynamic PUCCH repetition indication.  While the Rel-15 feature for PUCCH repetition (4-23, ‘Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8’), we are not sure whether it is needed for dynamic PUCCH repetition factor indication, as these could be duplicate functionality. Dynamic PUCCH repetition in our understanding is implemented as configuring a repetition factor for a PUCCH resource, while 4-23 is configured per PUCCH format. Configuring per PUCCH resource can have the same behavior without additional DCI overhead, as configuring per PUCCH format. Therefore, we would like to discuss further whether 4-23 is really needed as a prerequisite, and suggest the square brackets around 4-23 be kept for now.
Regarding the 30-5 feature description for dynamic PUCCH repetition indication, since dynamic PUCCH repetition is implemented by configuring a repetition factor per PUCCH resource, it can be supported together e.g. with repetition of PUCCH formats 0 and 2, so 30-5 is a general mechanism that supports PUCCH formats 0, 1, 2, 3, and 4.  We think it is more clear to identify the supported PUCCH formats directly, rather than describing the feature only as dynamic PUCCH repetition indication.  The related agreements supporting this line of thinking are:
Agreement: 
Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreement:
Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition
Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication
Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.
Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

[bookmark: _Ref84004705]Table 4: Capabilities for PUCCH Repetition Enhancement
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-5
	Slot based dynamic PUCCH repetition indication
	Support dynamic PUCCH repetition indication
[bookmark: _Hlk86761874]Support for configuring a repetition factor per PUCCH resource for slot based PUCCH formats 0, 1, 2, 3, and 4
	[4-23]
	



[bookmark: _Toc86951287]UE features for PUCCH repetition enhancement are defined according to Table 4
2.5 Type A PUSCH repetition for Msg3
[bookmark: _Ref83819483]For Type A PUSCH repetition for Msg3, a set of UE features discussed so far are summarized and updated in Table 5. There were no updates to the features to the feature list in RAN1#106bis, and so the changes are shown with respect to the features as listed in [5]. 
It was agreed in RAN1#105e that a UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. So only if UE is capable of Msg3 repetition and its RSRP is below the threshold, will it request Msg3 repetition with specific preamble. The gNB can’t distinguish between a UE that doesn’t request Msg3 repetition because it is incapable of Msg3 repetition and a UE that has higher RSRP. Therefore, UEs should report their capability for Msg3 repetition after random access. Msg3 repetition can be used both in RRC Idle and RRC connected mode, so we suggest to remove the words “in RRC connected mode”. 
Furthermore, since in RAN1 specification, PUSCH scheduled by RAR is used for Msg3 in CBRA and a PUSCH scheduled by RAR in CFRA. Thus, we propose to use term “PUSCH scheduled by RAR” instead for Msg3 initial transmission and the PUSCH transmission scheduled by RAR in CFRA.
[bookmark: _Ref86954615]Table 5: Capabilities for Type A PUSCH repetition for Msg3
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-6
	Msg3 repetition of PUSCH scheduled by RAR or Msg3 retransmission scheduled by DCI.
	Support of Msg3 repetition of PUSCH scheduled by RAR for Msg3 initial transmission and Msg3 re-transmission scheduled by DCI in RRC connected mode. 
	
	



UE features for Type A PUSCH repetition for Msg3 are defined according to It was agreed in RAN1#105e that a UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. So only if a UE is capable of Msg3 repetition and its RSRP is below the threshold, will it request Msg3 repetition with specific preamble. The gNB can’t distinguish between a UE that doesn’t request Msg3 repetition because it is incapable of Msg3 repetition and a UE that has higher RSRP. Therefore, UEs should report their capability for Msg3 repetition after random access. Msg3 repetition can be used in RRC Idle or RRC connected mode, so we suggest to remove the words “in RRC connected mode”. 
Furthermore, since in RAN1 specification, PUSCH scheduled by RAR is used for Msg3 in CBRA and a PUSCH scheduled by RAR in CFRA. Thus, we propose to use term “PUSCH scheduled by RAR” instead for Msg3 initial transmission and the PUSCH transmission scheduled by RAR in CFRA.
[bookmark: _Toc86951288]UE features for Type A PUSCH repetition for Msg3 are defined according to Table 5
3 Summary
In this contribution, we have discussed UE features for the NR coverage enhancement work, including Type A PUSCH enhancement, transport block over multi-slot PUSCH (TBoMS), joint channel estimation for PUSCH and PUCCH, PUCCH repetition enhancement, and Type A PUSCH repetition for Msg3, building on the initial proposals in [1]. Based on the discussion in the previous sections we propose the following:
Proposal 1	UE features for PUSCH Repetition Type A Enhancement are defined according to Table 1.
Proposal 2	UE features for transport block over multi-slot PUSCH are defined according to Table 2.
Proposal 3	UE features for PUSCH and PUCCH joint channel estimation are defined according to Table 3
Proposal 4	UE features for PUCCH repetition enhancement are defined according to Table 4
Proposal 5	UE features for Type A PUSCH repetition for Msg3 are defined according to Table 5
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