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1. Introduction
This contribution includes proposals on RAN1 UE features for Rel-17 IIOT/URLLC.

2. Discussion on IIOT/URLLC UE features
Based on the “Updated RAN1 UE features list for Rel-17 NR after RAN1 #106bis-e” provided in R1-2110587 [1], some proposals are provided.

First of all, it is observed that the type of many features is “per UE” in R1-2108679. We think this is very problematic. If we make a feature per-UE, then we make it a necessity that the UE implements and tests the feature in unlicensed (unconditionally) and in NTN (conditioned on how NTN features will be handled in general).  As long as unlicensed base stations don't get this feature implemented, testing is not possible, and the feature is going to get effectively disabled across the board. 

Due to the above concern, we make the following proposal. 
Proposal 1: Unless otherwise stated, the type for a UE feature should be at least per band (if not with finer granularity type), given the potential UE testing differentiation among licensed, unlicensed, and NTN band.  
In the following, we analyze each UE feature and make some proposals to capture the key changes on UE features for Rel-17 IIOT/URLLC. 
With regards to the Feature 25-1 (SPS HARQ Deferral in TDD), the feature is not necessary at FDD. Prerequisite for this feature is SPS support - feature 5-18-whose RRC Parent IE is Phy-ParametersCommon and therefore the feature should be supported per Feature Set per Component Carrier (FSPC). 
Proposal 2: Feature 25-1 (SPS HARQ Deferral in TDD collision) is for TDD only. Furthermore, it should a per Feature Set Per Component Carrier (FSPC) feature rather than a per UE feature.
With regards to 25-2 - Repetitions for PUCCH Format 0 and 2 over multiple slots-it would be useful to clarify that the HARQ Codebook is slot-based. The prerequisite for 25-2 is 4-23 – support for PUCCH repetitions- whose RRC Parent IE is Phy-ParametersCommon and therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 3: For feature 25-2 (Repetitions for PUCCH Format 0 and 2 over multiple slots) a clarification needs to be made that the feature is for slot-based codebook. Furthermore, the feature should be supported per Feature Set Per Component Carrier (FSPC) rather than per UE.
With regards to 25-3 - Repetitions for PUCCH Format 0, 1, 2, 3, 4 over multiple sub-slots-the prerequisites for 25-2 are:
· 4-23 – support for PUCCH repetitions - whose RRC Parent IE is Phy-ParametersCommon and
· [bookmark: _Hlk83896061]feature 11-3 - support for more than 1 PUCCH HARQ within a slot - whose RRC Parent IE is a FeatureSetUplink-v1610 feature.
Therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 4: For feature 25-3 (Repetitions for PUCCH Format 0, 1, 2, 3, 4 over multiple sub-slots) the feature should be supported per Feature Set Per Component Carrier (FSPC). 
With regards to 25-4 -One-shot HARQ feedback triggered by DCI 1_2-the prerequisites are:
· 10-16 (support for 1-shot HARQ-ACK feedback) and
· 11-1 (monitoring DCI 1_2) 

10-16 has RRC Parent IE SharedSpectrumChAccessParamsPerBand-r16 and 11-1 Phy-ParametersCommon. Therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 5: Feature 25-4 (One-shot HARQ feedback triggered by DCI 1_2) should be supported per Feature Set Per Component Carrier (FSPC). 
With regards to 25-5 - PHY layer priority for One-shot HARQ feedback - the prerequisites are:
· 10-16 (support for 1-shot HARQ-ACK feedback) and
· 11- 4 (2 HARQ-ACK codebooks with up to 1 sub-slot based HARQ-ACK codebook)  

10-16 has RRC Parent IE SharedSpectrumChAccessParamsPerBand-r16 and 11-4 FeatureSetUplink-v1640. 
Therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 6: Feature 25- 5 (PHY layer priority for One-shot HARQ feedback) should be supported per Feature Set Per Component Carrier (FSPC). 
With regards to 25-6 - Enhanced Type 3 HARQ-ACK feedback - the prerequisites are:
· 10-16 (support for 1-shot HARQ-ACK feedback) and

10-16 has RRC Parent IE SharedSpectrumChAccessParamsPerBand-r16. Therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 7: Feature 25- 6 (Enhanced Type 3 HARQ-ACK feedback) should be supported per Feature Set Per Component Carrier (FSPC).
With regards to 25-7 - Triggered HARQ-ACK codebook retransmission - the feature should be supported per band.
Proposal 8: Feature 25-7 (Triggered HARQ-ACK codebook retransmission) should be supported per Feature Set Per band.
With regards to 25-8 - Semi-static HARQ-ACK codebook for sub-slot PUCCH - the prerequisites are:
· 4-11 (support for semi-static HARQ-ACK feedback) and
· 11-3 (support for more than 1 PUCCH HARQ within a slot) 

4-11 has RRC Parent IE Phy-ParametersCommon and 11-3 FeatureSetUplink-v1610.
Therefore the feature should be supported per Feature Set per Component Carrier (FSPC).
Proposal 9: Feature 25-8 (Semi-static HARQ-ACK codebook for sub-slot PUCCH) should be supported per Feature Set Per Component Carrier (FSPC).
With regards to the Feature 25-9, the feature is not necessary at FDD. The feature should be supported, for obvious reasons, per Feature Set per Band combination.

Proposal 10: Feature 25-9 (semi-static PUCCH cell switch) and 25-10 (dynamic PUCCH cell switch) are for TDD only. Furthermore, they should be per band combination rather than per UE. 

Regarding to feature 25-15, the current formulation is problematic. As we explained in R1-2110181 [2], a UE needs extra processing time to handle the cancel/dropping of a LP PUSCH before switch to transmit a HP PUSCH. One should notice that cancel/drop a PUSCH is more complicated than cancel/drop a PUCCH, which is why extra processing time is needed on top of Rel-16 cancellation time for cancel/drop a PUCCH. 
Proposal 11: For feature 25-15 (PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH), on top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d2 is needed (which results N2+d1+d2 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution. The additional number of OFDM symbols (d2) needed is listed in following table.
[bookmark: _Ref61296255]Table 1. d2 for LP CG-PUSCH and HP DG-PUSCH collision resolution 
	

	d2 [symbols]

	0
	1

	1
	2

	2
	4

	3
	8



Regarding to feature 25-16 and 25-17, each individual component under these two features should have independent capability signaling, e.g., a UE support the 1st component of 25-16 (LP HARQ-ACK and HP HARQ multiplexing on PUCCH) does not necessily have the capability to support the 3rd component of 25-16 (LP HARQ-ACK, HP HARQ-ACK, and SR multiplexing on a PUCCH). Separate capabilities are needed to allow different UE implementations.  

Proposal 12: The components 1, 2, and 3 of feature 25-16 (HARQ-ACK with different priorities multiplexing using a PUCCH), should be in separate rows to have separate capability signaling. Furthermore, support a new component 4 (multiplexing a low-priority HARQ-ACK, a high priority HARQ-ACK, a high-priority/low-priority SR, and CSI into a PUCCH) with separate capability signaling. 

Proposal 13: The components 1, 2, 3, and 4 of feature 25-17 (HARQ-ACK piggybacked on a PUSCH of a different priority), should be in separate rows to have separate capability signaling. 

3. Proposed modification for IIOT/URLLC in UE feature list table
The detailed changes according to the proposals in above section is captured in the following table. Hence we make the following proposal. 

Proposal 14: Adopt the following table for Rel-17 IIOT/URLLC UE features. 
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	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	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)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	 25. NR_IIOT_URLLC_enh
	25-1
	SPS HARQ-ACK deferral in case of TDD collision
	1.	Idenfify HARQ-ACK bits of active SPS configurations for deferral in the initial PUCCH slot
2.	Determination of the target PUCCH slot for SPS HARQ-ACK deferral
3. Multiplexing and transmission of deferred SPS HARQ-ACK information in the target PUCCH slot
FFS whether to separate capability for handling of the collision for the same HARQ process due to deferred SPS HARQ-ACK
	5-18	Comment by Klaus Hugl: DL SPS
	Yes
	N/A
	
	Per UE
Per FSPC
	No
(TDD only)
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-2
	Repetitions for PUCCH format 0, and 2 over multiple slots (for slot based codebook) with K = 2, 4, 8
	Repetitions for PUCCH format 0 and 2 over multiple slots with K = 2, 4, 8
	4-23	Comment by Klaus Hugl: Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-3
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots with configured K = 2, 4, 8
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots with RRC configured repetition factor K = 2, 4, 8
FFS whether to separate the capability per UCI type
	4-23	Comment by Klaus Hugl: Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
11-3	Comment by Klaus Hugl: Subslot PUCCH
	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-3a
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots using dynamic repetition indication 
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots based on dynamic repetition indication. 
FFS whether to separate the capability per UCI type
	25-3
30-5	Comment by Klaus Hugl: Dynamic repetition indication from Cov. Enh. WI for slot-based PUCCH

	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-4
	One-shot HARQ ACK feedback triggered by DCI format 1_2 
	1. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_2 scheduling a PDSCH
2. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_2 without scheduling a PDSCH using a reserved FDRA value
	10-16	Comment by Klaus Hugl: Type 3 CB
11-1	Comment by Klaus Hugl: DCI format 1_2

	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-5
	PHY priority handling for one-shot HARQ ACK feedback 
	Support transmission of type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI
	10-16	Comment by Klaus Hugl: Type 3 CB
11-4	Comment by Klaus Hugl: Two PUCCH configs

	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-6
	Enhanced type 3 HARQ-ACK codebook feedback
	1. Support feedback of enhanced type 3 HARQ-ACK codebook, triggered by a DCI 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support configuration of up to X enhanced type 3 HARQ-ACK codebooks. 
3. Support feedback of a dynamically selected enhanced type 3 HARQ-ACK codebook based on triggering information in DCI 1_1 and DCI 1_2 (for a UE supporting DCI format 1_2, 11-1)
4. Support transmission of enhanced type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
	10-16	Comment by Klaus Hugl: Rel-16 Type 3 CB
	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	For component 2, the UE indicates its capability in the number of enhanced type 3 HARQ-ACK codebooks: {1,...,X}
For component 3, the dynamic indication is only supported if the UE for component 2 supports more than one enhanced type 3 HARQ-ACK codebook to be configured
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-7
	Triggered HARQ-ACK codebook re-transmission 
	1. Support HARQ-ACK re-transmission from an earlier PUCCH slot based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)

	
	Yes
	N/A
	
	Per UE
Per Band
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-8
	Semi-static HARQ-ACK codebook for sub-slot PUCCH
	Semi-static (Type 1) HARQ-ACK codebook for sub-slot based  PUCCH configuration
	4-11	Comment by Klaus Hugl: Type 1 CB
11-3	Comment by Klaus Hugl: Sub-slot PUCCH config
	Yes
	N/A
	
	Per UE
Per FSPC
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-9
	Semi-static PUCCH cell  switching
	Semi-static PUCCH cell switching using configured time-domain domain pattern of applicable PUCCH cell / carrier
FFS whether to separate the capability for different numerologies
	
	Yes
	N/A
	
	Per UE
Per BC
	No
(TDD only)
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-10
	PUCCH cell switching based on dynamic indication
	PUCCH cell switching based on dynamic indication in the DCI scheduling the PUCCH
FFS whether to separate the capability for different numerologies
	
	Yes
	N/A
	
	Per UE
Per BC
	No
(TDD only)
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-11
	4-bits subband CQI
	Subband CQI reporting with 4 bits per subband
	
	Yes
	N/A
	
	Per UE
Per Band
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh

	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB. 
	10-1a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling	Comment by Sorour Falahati: Uncertain if it ishould be optional. If the UE does not support this, then it would be Rel-16 UE. I included the next description in []. Needs discussion with the group.

[This FG is a part of basic operation for following scenarios defined in TS38.300
Scenario A2, B, C, D and E with semi-static channel access mode]

	25. NR_IIOT_URLLC_enh
	25-13
	UE initiating a semi-static channel occupancy with independent configurations from gNB semi-static channel access configurations 

	Support initiating a semi-static channel access occupancy by the UE where the corresponding period is independently configured from the period configured for a semi-static channel occupancy that can be initiated by gNB.
	10-1a, 25-12
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling


	25. NR_IIOT_URLLC_enh
	[25-14]
	PHY prioritization of overlapping low-priority DG-PUSCH and high-priority CG-PUSCH
	Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH
	12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A

	
	Per band
Per FS

	N/A

	N/A

	N/A
	
	Optional with capability signaling


	25. NR_IIOT_URLLC_enh
	[25-15]
	PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH
	Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell with additional cancellation time d2 on top of N2+d1 (which is Rel-16 PUCCH/PUCCH or PUCCH/PUSCH cancellation time), which results total cancellation time N2+d1+d2. 

Note: the value of d2 is given in table as below. 
Table: d2 for LP CG-PUSCH and HP DG-PUSCH collision resolution 
	

	d2 [symbols]

	0
	1

	1
	2

	2
	4

	3
	8



	12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A

	
	Per band
Per FS

	N/A

	N/A

	N/A
	
	Optional with capability signaling


	 25. NR_IIOT_URLLC_enh
	25-16a
	HARQ-ACK with different priorities multiplexing using a PUCCH
	1. Support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH. Support separate coding for the two HARQ-ACKs.
2. [Support multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).]
3. [Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.]
FFS whether to merge with FG 25-17
FFS whether to separate capability for different UCI type

	11-3	Comment by Klaus Hugl: LP & HP HARQ

	Yes
	N/A
	
	Per UE
Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-16b
	HARQ-ACK and SR with different priorities multiplexing using a PUCCH
	 Support multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF (FFS applicable combinations).
	11-3
	Yes
	N/A
	
	Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-16c
	High-priority HARQ-ACK, low priority HARQ-ACK, and SR multiplexing using a PUCCH
	 Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.

	11-3
	Yes
	N/A
	
	Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	 25. NR_IIOT_URLLC_enh
	25-17a

	HARQ-ACK piggybacked on a PUSCH of a different priority

Low-priority HARQ-ACK multiplexing on High-priority PUSCH
	1. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
2. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
3. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
4. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
FFS whether to merge into FG 25-16
FFS whether to separate capability for different UCI type
	11-3	Comment by Klaus Hugl: LP & HP HARQ codebook
12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A
	
	Per UE
Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-17b

	High-priority HARQ-ACK multiplexing on low-priority PUSCH
	Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
	11-3	Comment by Klaus Hugl: LP & HP HARQ codebook
12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A
	
	Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-17c

	multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI
	Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI
	11-3	Comment by Klaus Hugl: LP & HP HARQ codebook
12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A
	
	Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-17d

	multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI
	Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI
	11-3	Comment by Klaus Hugl: LP & HP HARQ codebook
12-1	Comment by Klaus Hugl: PHY priority for PUSCH
	Yes
	N/A
	
	Per FS
	No
	No
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-18
	Parallel PUCCH and PUSCH transmission across CCs in inter-band CA
	Support simultaneous PUCCH/PUSCH transmissions on different cells [at least] for inter-band CA.
	
	Yes
	N/A
	
	Per UE
Per BC
	No
	No
	N/A
	
	Optional with capability signaling
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