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1. Introduction
In this contribution, we consider UE features needed for 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 agreement of UE features. The tables below show the features as captured in [1] from RAN1#109-e, and changes to that version are marked in red. 
2. Discussion
2.1 [bookmark: _Type_A_PUSCH]Type A PUSCH enhancement
[bookmark: _Ref83819515]There are two remaining open issues for FG 30-2, which were put in brackets in [1], including the value of K for available slot counting and the prerequisite feature groups.
According to the following agreement made in RAN1#108 meeting, K=1 doesn’t apply to Available slot counting for DG-PUSCH or CG-PUSCH repetition Type A. FG 30-2 is only about the available slot counting, so it would be clear without mentioning K in the column of components in UE feature list.
	Agreement
· For DG-PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, the legacy counting method applies when K=1, regardless of whether AvailableSlotCounting is enabled or not
· Note: The legacy assumption on the K2 offset is applied, i.e., no RAN1 spec impact on the K2 offset is expected.
· For CG-PUSCH repetition Type A,  the legacy counting method applies when K=1, regardless of whether AvailableSlotCounting is enabled or not.
· Note: No RAN1 spec impact is expected.
· Note: No additional restriction on CG periodicity configurations, compared to Rel-16, is considered for CG-PUSCH with K=1.
· For CG-PUSCH repetition Type A, when AvailableSlotCounting is enabled, and for K>1, a UE assumes that the slot (i.e., the first configured slot in a CG period) determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slots.
· Note: No RAN1 spec impact is expected.


Regarding the prerequisite feature groups, since the feature does not depend on 30-1 or 11-6 but can be combined with 30-1 and 11-6. The FGs {5-14, 5-16, or 5-17} would suffice.
[bookmark: _Toc95746018][bookmark: _Toc101477930][bookmark: _Toc95746019][bookmark: _Toc101477931][bookmark: _Toc95746020][bookmark: _Toc101477932]For Type A PUSCH repetition, the UE feature discussed so far is summarized and updated in Table 1. 
[bookmark: _Ref84003049]Table 1: Capabilities for PUSCH Repetition Type A Enhancement
	Index
	Feature group
	Components
	Prerequisite feature groups
	Comments

	30-2
	PUSCH Type A repetitions based on available slots 
	Transmission occasions for [K] repetitions for dynamic and configured grant PUSCH are determined on the basis of available slots.
	[bookmark: OLE_LINK3]One of {5-14, 5-16, 5-17, [11-6, 30-1]}
	



[bookmark: _Toc84002564][bookmark: _Toc84022134][bookmark: _Toc84022364][bookmark: _Toc84063242][bookmark: _Toc84063250][bookmark: _Toc101477933]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 and our proposals for features for TBoMS captured in Table 2. Our rationale is as follows:
30-3: With the addition of 30-3a, 30-3 is then about UE capability of a single TBoMS. Although TBoMS uses Type A-like resource allocation, it is a different type of UL transmission. FG 11-6 is the enhanced PUSCH repetition Type A in Rel-16 with the number of repetitions jointly coded with SLIV in TDRA table. We don’t see the need of a prerequisite feature beyond basic PUSCH transmission. 
It was agreed in RAN1#108e not to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG. FG 30-3 is applicable to DG-PUSCH and Type 2 CG-PUSCH, but a UE doesn’t have to support both DG-PUSCH and Type 2 CG-PUSCH in order to support 30-3. Therefore, we propose to change the word “and” to “or” in the Components column. Note that since 30-3a was agreed not to be merged with 30-3 in RAN1#107bis-e, we should clarify that 30-3 is without repetition.
30-3a: Its prerequisite FGs should be 30-3 and 11-6. 
[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 for DG and or CG without repetition in RRC connected mode.

	[11-6]
	

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support Repetition of TB processing over multi-slot PUSCH in RRC connected mode.
	[bookmark: _Hlk95745778]TBD30-3, 11-6
	



[bookmark: _Toc101477934]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]The features for joint channel estimation were updated in RAN1#108 in [1], and in their LS [2], RAN4 informed RAN1 of further decisions on the modulation orders supported by DMRS bundling. So the changes below in Table 3 are relative to what is in [1] and [2]. Our rationale for each of the changes is as follows:
30-4{a,b,c,d}: Since FG 30-4h was agreed to support the non-back-to-back case, the text ‘over consecutive symbols’ should be added to these feature groups to indicate that they only support back-to-back transmission.  Otherwise, the description of features 30-4{a,b,c,d} do not stand on their own, and the reader has to infer from 30-4h what is not supported in 30-4{a,b,c,d}.  
30-4: The typo ‘consisitency’ should be corrected. 
In item 1) of [2], RAN4 confirms that the maximum modulation order supported in Rel-17 requirements is QPSK and proposes to add a following note to RAN1 UE feature to ensure clarity of what is supported in Rel-17 specs:
“NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.”
The wording of this note might be improved, since RAN1 specifications do not limit the use of higher modulation orders than QPSK, although RAN4 specifications and Rel-17 UE capability are limited to at most QPSK. From the LS, it is clear that RAN4 intend to address Rel-17 requirements and UE capability, rather than to propose a change to the RAN1 specs. Also, the reference to the 38.101 specs is confusing, as well as incomplete. DMRS bundling behavior is not defined by 38.101, but instead by RAN1 and RAN2 specs. The RAN4 specs are not limited to 38.101-1 and -2, since changes were made to 38.101-3 as well. We therefore suggest that the wording for a note to feature 30-4 be instead:
“NOTE: UE capability for DM-RS bundling is only applicable defined for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.”
30-4a: There does not seem to be a need for 30-1 or 30-2 as a prerequisite, since neither an extended number of repetitions nor available slot determination is needed to make DMRS bundling work (although these could be supported with bundling). However, DMRS bundling for PUSCH will be supported for Rel-15, -16, and -17 PUSCH repetition Type A. 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.  We note that this has already been discussed for 30-1 and 30-2, and that 5-14, 5-16, or 5-17 are listed as prerequisites for 30-1 and 30-2. Therefore, the prerequisites are 5-14, 5-16, or 5-17 as well as 30-4 for 30-4a. 
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. There does not seem to be a need to have 30-1 as a prerequisite, since the extended number of repetitions is not needed to make DMRS bundling work. 
30-4c: Depending on only TBoMS and maximum duration is sufficient in our view, so the square brackets can be removed.
30-4d: 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. 
30-4e: The majority view in RAN1#109 was to require DMRS bundling as a prerequisite for inter-slot hopping PUSCH, so 30-4{a,b,c} can be prerequisites.  
30-4f: The majority view in RAN1#109 was to require DMRS bundling as a prerequisite for inter-slot hopping also for PUCCH, so 30-4d can be the prerequisite.
[bookmark: _Hlk101465030]30-4g: It was agreed in RAN1#107 that the UE capability of restarting DMRS bundling is applied only to dynamic events.  Dynamic events are not defined in 38.214; instead events for which power consistency and phase continuity is maintained over an actual TDW that is created in response to specific events are identified. Therefore, we suggest the component should be ‘Support power consistency and phase continuity over an actual TDW created in response to events identified in 38.214 subclause 6.1.7, where such support of consistency/continuity for the event requires UE capability.’.
30-4h: The feature as added after RAN1#107bis seems clear and correct to us as written, and so the square brackets can be removed.
Regarding the Type (per UE, per band, etc.) for 30-4a to 30-4h: the following proposal was made in RAN1#108, but required further discussion and was left for later meetings.
[FL4] Medium priority proposal 4-4:
· Type of FGs 30-4a to 30-4h is per band and per BC.
Since uplink carrier aggregation can require sharing Tx chains or power among carriers, extra UE capability may be needed to operate DMRS bundling when the UE is configured for UL CA.  As such, we can understand the motivation of the proposal.
A capability of per band and per BC could be defined in various ways.  One way could be to indicate per band capability, and if the UE does not support a particular band combination, to indicate a lack of support for that band combination.  This seems inconsistent with the guidance from RAN2 that says that defining “incapability” bits should be avoided [1].
An alternative approach could be based on the definition of powerClass in 38.306, which has both per band and per band combination capabilities.  Here we give an example using 30-4, but this could be applied to other DMRS bundling related UE capabilities.
Table 3a: Example Per Band + Per Band Capability Definition
	Definitions for parameters
	Per

	maxDMRS-BundlingDurationBand-r17
Indicates the maximum number of consecutive slots during which the UE is able to maintain power consistency and phase continuity to support DM-RS bundling for a PUSCH or PUCCH when UE is configured with a single UL serving cell.
	Band

	DMRS-BundlingBC-r17
Indicates that the UE supports DM-RS bundling for a PUSCH or PUCCH also when UE is configured with more than one UL serving cell. The capability per band of the band combination is then given by maxDMRS-BundlingDurationBand-r17.
	BC


The per band + BC capability seems appropriate for 30-4a,b,c,d and 30-4g,h since these features in our view are ‘DMRS bundling’ features.  However, frequency hopping is not affected by CA configurations, and indeed Rel-15 inter-slot hopping for PUSCH (UE feature 5-10) has per UE granularity.  Given that 5-10 is per UE, we think that is a reasonable granularity for Rel-17 for UE features 30-4e and 30-4f.  Per-band capability can also be considered if sufficiently motivated, e.g. to address IoDT test issues.
[bookmark: _Ref83818977][bookmark: _Hlk101709624]Table 3b: Capabilities for PUSCH and PUCCH Joint Channel Estimation
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note

	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consisitency consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH

	FFS
	Per Band
	Candidate values for the maximum duration for FDD are {4, 8, 16, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 16}

UE capability for DM-RS bundling is only applicable defined for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.

	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A over consecutive symbols
	[30-4], and [30-1] or [30-2]
[{5-14, 5-16,  or 5-17}]
	[Per UE]
Per Band and Per BC, according to the approach above.
	

	30-4b
	DM-RS bundling for PUSCH repetition type B
	Support DM-RS bundling for PUSCH repetition type B over consecutive symbols
	[30-4], [11-5] [30-1]
	[Per UE]
Per Band and Per BC, according to the approach above.
	

	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	Support DM-RS bundling for TB processing over multi-slot PUSCH over consecutive symbols
	[30-4], [30-3]
	[Per UE]
Per Band and Per BC, according to the approach above.
	Note: If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS

	30-4d
	DMRS bunding for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions over consecutive symbols for PUCCH formats 1/3/4
	[30-4], [4-23]
	[Per UE]
Per Band and Per BC, according to the approach above.
	

	30-4e
	Enhanced Inter-slot frequency hopping with inter-slot bundling for PUSCH 
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH 
	[30-4a] or [30-4b] or [30-4c]
	[Per UE]
	

	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]

	[Per UE]
	

	30-4g
	[Restart DM-RS bundling after the events that violate power consistency and phase continuity]
	[Support restarting DM-RS bundling after the events that violate power consistency and phase continuity] 
Support power consistency and phase continuity over an actual TDW created in response to events identified in 38.214 subclause 6.1.7, where such support of consistency/continuity for the event requires UE capability.

	[30-4], and {30-4a, 30-4b, or 30-4c}
	[Per UE]
Per Band and Per BC, according to the approach above.
	

	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for [non-back-to-back transmission for consecutive slots] for PUSCH and PUCCH only for [corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d) ]
	[30-4a, 30-4b, 30-4c, or 30-4d]
	[Per UE]
Per Band and Per BC, according to the approach above.
	



[bookmark: _Toc101477935]UE features for PUSCH and PUCCH joint channel estimation are defined according to Tables 3a and 3b
2.4 PUCCH repetition enhancement
The following has been agreed:
Agreement (from RAN1#107)
· Revised the component in FG 30-5 as “Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4”
· Add a component in FG 30-5 for support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
· FG 4-23 and/or FG 25-2 are the prerequisite feature groups for FG 30-5
· Add FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
Agreement (from RAN1#108)
· FG 30-5 is not split to one for PUCCH formats 1/3/4 and the other for PUCCH formats 0/2
Since both format 1/3/4 and 0/2 are agreed, the prerequisite feature groups of FG 30-5 should be 4-23 and/or 25-2. Therefore, we suggest to drop the brackets.

[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 slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4

	[4-23 and/or 25-2]
	



[bookmark: _Toc101477936]UE features for PUCCH repetition enhancement are defined according to Table 4
2.5 Type A PUSCH repetition for Msg3
It was agreed in RAN1#108e that FG 30-6 is supported as optional with capability signaling. In RAN#109e meeting, it was agreed as a per-band capability. Therefore, there should be no bracket around the text in the Component column.
· Agreement (from RAN1#108)
· FG 30-6 is supported as optional with capability signaling
· Agreement (from RAN1#109)
· Reporting type of FG 30-6 is per band
Therefore, we suggest the following changes, by removing the brackets in the Components .
Table 5: Capabilities for Type A PUSCH repetition for Msg3
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	30-6
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	[Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI]
	
	Per band



[bookmark: _Toc86951288][bookmark: _Toc101477937]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, including Type A PUSCH enhancement, transport block over multi-slot PUSCH (TBoMS), joint channel estimation for PUSCH and PUCCH, and PUCCH repetition enhancement, building on the current proposals in [1] and RAN4’s LS in [2]. 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 Tables 3a and 3b
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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