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This contribution discusses the UE features related to NR unlicensed [1].
Discussion
This section discusses the UE features that need to be modified/removed from the one drafted based on the past email discussions [1]. In particular, the UE features that need further discussion are listed below with some columns deleted. 
Basic feature groups
It is proposed to clarify that the basic feature groups including 10-1, 10-1a, 10-2, and 10-2a are targeting unlicensed band in the FR1 regime in order to avoid unnecessary capability signaling to licensed band or FR2. Therefore, it is proposed to put the restriction of FR1 unlicensed band in the note of the basic feature groups as shown below:
Proposal 1: Put the restriction of FR1 unlicensed band in the note of 10-1, 10-1a, 10-2, and 10-2a.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-1
	UE stand-alone (DL and UL) operation in shared spectrum under dynamic channel access mode 
	1. Type 1 channel access
2. Type 2A channel access
3. Type 2B channel access (FFS if move this to separate feature)
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. Contention window adjustment
7. CP extension up to 1 symbol for PUSCH/PUCCH transmission
8. SSB/MIB/RMSI reception with Q
9. SSB RRM with Q in DMTC
10. SSB-RLM with Q in DMTC window
11. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
	
	Per band
	This can be a basic feature group for operating only in FR1 unlicensed band with both DL and UL transmission support under dynamic channel access


	Optional with capability signalling

	10-1a
	UE DL only operation in shared spectrum under dynamic channel access mode
	1. SSB RRM with Q in DMTC
	6-5
	Per band
	This can be a basic feature group for operating only in FR1 unlicensed band with DL only operation
	Optional with capability signalling

	10-2
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. SSB/MIB/RMSI reception with Q
5. SSB RRM with Q in DMTC
6. SSB-RLM with Q in DMTC window
7. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
8. Support fixed frame period of 5ms and 10ms
	
	Per band
	This can be a basic feature group for operating only in FR1 unlicensed band with DL only operation
	Optional with capability signalling

	10-2a
	UE DL only operation in shared spectrum under semi-static channel access mode
	1. SSB RRM with Q in DMTC
2. Support fixed frame period of 5ms and 10ms
	6-5
	Per band
	This can be a basic feature group for operating only in FR1 unlicensed band with DL only operation
	Optional with capability signalling



Semi-static channel access mode (10-2/10-2a/10-2b)
It is OK to have 10-2 and 10-2a for both stand-alone operation and DL only operation. However, current table has different feature groups for stand-alone operation depending on the fixed frame period length. We do not have clear motivation to define additional feature groups for supporting small fixed frame period length. And this differentiation is only applied for stand-alone operation and not applied for DL only operation, which does not look desirable either.
Proposal 2: Remove 10-2b and change the 8th bullet of 10-2.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-2
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. SSB/MIB/RMSI reception with Q
5. SSB RRM with Q in DMTC
6. SSB-RLM with Q in DMTC window
7. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
8. Support fixed frame period of 5ms and 10ms
	
	Per band
	This can be a basic feature group for operating in unlicensed band.

Support of channel access mechanism for FBE operation, including fixed frame period, Cat 2 LBT, Cat 1 LBT
	Optional with capability signalling

	10-2a
	UE DL only operation in shared spectrum under semi-static channel access mode
	1. SSB RRM with Q in DMTC
2. Support fixed frame period of 5ms and 10ms
	6-5
	Per band
	This can be a basic feature group for operating in unlicensed band with DL only operation
	Optional with capability signalling

	10-2b
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Support fixed frame periods shorter than 5ms
	10-2 or 10-2a
	Per band
	
	Optional with capability signalling



PRB interlace frequency domain resource allocation (10-3/10-3a/10-3b/10-3c)
Interlace design is a fundamental feature for uplink transmission in order to be complaint with  the unlicensed band regulation. Also based on the agreement below (first two agreements), a gNB can configure the interlaced mapping for the whole cell both for PUCCH and PUSCH. From this perspective, it is proposed to merge the “PRB interlace frequency domain resource allocation” into 10-1 and 10-2. 
Even though it is separately defined, it is proposed to combine 10-3/10-3a/10-3b/10-3c into a single feature group. This is because if interlace mapping is used for one PUCCH format, then other PUCCH formats also have to use interlace mapping based on the 3rd agreement below. However, we do not need to use the interlace mapping for licensed use since there is no reason for it.

	
Agreement:
In Rel-16, for a cell, the UE can expect that cell-specifically configured PUCCH resources and UE-specifically configured PUCCH resources either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.
· Note: RRC parameters that are made redundant due to this agreement can be eliminated

Agreement:
In Rel-16, for a cell, the UE can expect that cell-specifically configured PUSCH resources and UE-specifically configured PUSCH resources either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.
· Note: RRC parameters that are made redundant due to this agreement can be eliminated

Agreement:
In Rel-16, for a cell, the UE can expect that UE-specifically configured PUCCH resources and all PUSCH transmissions (scheduled and configured) after dedicated configurations either all have interlaced mapping or all have non-interlaced mapping as per Rel-15.



Proposal 3: 
· Merge 10-3/10-3a/10-3b/10-3c into 10-1 and 10-2.
· If not merged, combine 10-3/10-3a/10-3b/10-3c into a single feature group and remove “Need discussion for licensed use”.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-1
	UE stand-alone (DL and UL) operation in shared spectrum under dynamic channel access mode 
	1. Type 1 channel access
2. Type 2A channel access
3. Type 2B channel access (FFS if move this to separate feature)
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. Contention window adjustment
7. CP extension up to 1 symbol for PUSCH/PUCCH transmission
8. SSB/MIB/RMSI reception with Q
9. SSB RRM with Q in DMTC
10. SSB-RLM with Q in DMTC window
11. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
12. PRB interlace mapping for PUCCH and PUSCH
	
	Per band
	This can be a basic feature group for operating in unlicensed band with both DL and UL transmission support under dynamic channel access


	Optional with capability signalling

	10-2
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. SSB/MIB/RMSI reception with Q
5. SSB RRM with Q in DMTC
6. SSB-RLM with Q in DMTC window
7. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
8. Support fixed frame period of 5ms and 10ms
9. PRB interlace mapping for PUCCH and PUSCH
	
	Per band
	This can be a basic feature group for operating in unlicensed band with DL only operation
	Optional with capability signalling

	10-3
	PRB interlace mapping for PUSCH
	1. PRB interlace frequency domain resource allocation for PUSCH

	10-1 or 10-2
Need discussion for licensed use
	Per band
	Support of PRB interlace PUSCH
	Optional with capability signalling

	10-3a
	PRB interlace mapping for PUCCH format 0 and format 1
	1. PRB interlace frequency domain resource allocation for PUCCH format 0 and format 1

	10-1 or 10-2
Need discussion for licensed use
	Per band
	Support of PRB interlace PUCCH format 0/1
	Optional with capability signalling

	10-3b
	PRB interlace mapping for PUCCH format 2
	1. PRB interlace frequency domain resource allocation for PUCCH format 2

	10-1 or 10-2
Need discussion for licensed use
	Per band
	Support of PRB interlace PUCCH format 2
	Optional with capability signalling

	10-3b
	PRB interlace mapping for PUCCH format 3
	1. PRB interlace frequency domain resource allocation for PUCCH format 3

	10-1 or 10-2
Need discussion for licensed use
	Per band
	Support of PRB interlace PUCCH format 3
	Optional with capability signalling



Wideband operation (10-19/10-19a/10-19b/10-19c)
In the context of 10-19b, in previous meetings RAN1 has made the agreements listed below on the UL wideband operation. From them, it is straightforward that a UE will transmit UL channels using the RB sets that overlap with the resource allocation for the UL transmission. From this perspective, the UE only perform the transmission based on the LBT outcomes of the RB sets of interest. Since LBT operation is performed per RB set (LBT BW), we do not see any motivation to define the feature group of 10-19b. 
	Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.




As for 0-19c, we do not have enough justification to support it due to the lack of discussion. Therefore, there is need to discuss further whether this is really needed. Also, it is not clear on the reason that the prerequisite is only 10-1a (only for DL-only operation under dynamic channel access mode). 
Proposal 4: 
· Remove 10-19b.
· Discuss more on the necessity of 10-19c.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-19
	Number of LBT bandwidth
FFS if this is needed
	Number of ED measurements the UE is able to perform simultaneously
[Whether the UE in WB operating mode can support nx20MHz measurement
	10-1 or 10-2
	Per band
	This is the number of LBT bandwidth a UE can perform separate ED check on simultaneously
	Optional with capability signalling

	10-19a
	Support DL reception with subset of RB sets
	1. When DL BWP has multiple RB sets, support using the available RB set bitmap in DCI 2_0 to validate the periodic CSI-RS transmission if the CSI-RS is over multiple RB-sets
	10-1 or 10-2
	Per band
	Without this capability, UE will assume all RB sets in the DL BWP are all transmitted or none of them are transmitted
	Optional with capability signalling

	10-19b
	Support UL transmission with subset of RB sets passing LBT
	1. When UL BWP has multiple RB sets, support transmission of UL signal or channels when LBT passes for only the RB sets the UL signals or channels are located
	10-1 or 10-2
	Per band
	Without this capability, UE will transmit UL when all RB sets in the UL BWP pass LBT
	Optional with capability signalling

	[10-19c]
	Suppport intra-cell guard band(s) for DL carrier BW > 20MHz
	Support DL frequency domain resource allocation type 0 with PRG partially overlapped with Type-2 intra-cell gard band between two adjacent LBT RB sets where CCA is clear on only one of RB sets as defined by RAN4, and rate matching around the guard bands either at RB level (in case of wideband precoding) or at PRG level (in case of precoding granularity of 2 or 4 RBs) according to the information provided by DCI Format 2_0 available RB set bitmap and RRC intra-cell guard band configurations
	10-1a
	[Per band]
	
	Optional with capability signalling



Features for licensed use
We support that some of feature groups are used for licensed use, including 10-8 and 10-11. And also some of HARQ features seem beneficial for licensed use as well including enhanced dynamic HARQ codebook, one-shot HARQ ACK, and multi-PUSCH UL grant. 
Proposal 5: 
· Let 10-8/10-11/10-14/10-15/10-16/10-16a/10-17 be used for licensed band

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-8
	Type B PDSCH length
	Length 3, 5, 6, 8,  11, 12, 13
FFS the capability are separate for each length or some groups are formed to signal the capability together
	
	FFS: Per UE or per band
	Support of additional length (other than 2/4/7) for type B PDSCH.
Note length 9/10 are already covered by 14-3
	Optional with capability signalling

	10-11
	SRS starting position at any OFDM symbol in a slot
	
	
	Per band or per Per UE
	Support transmitting SRS starting in all symbols (0,…,13) of a slot
	Optional with capability signalling

	10-14
	Non-numerical PDSCH to HARQ-ACK timing
	1. Support configuration of a value for dl-DataToUL-ACK indicating an imapplicable time to report HARQ ACK
	10-1 or 10-2
Need discussion for licensed use
	Per band or pPer UE
	If non-numerical K1 value is supported
	Optional with capability signalling

	10-15
	Enhanced dynamic HARQ codebook
	1. Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1
2. Support of bit field in DCI 0_1 for other group total DAI if configured. 
3. Support the retransmission of HARQ ACK
FFS if need to further split under other group DAI/NFI configured or not
	10-1 or 10-2
Need discussion for licensed use
	Per band or per Per UE
	Enhanced dynamic HARQ codebook supporting grouping of HARQ ACK and triggering the retransmission of HARQ ACK in each groups
	Optional with capability signalling

	10-16
	One-shot HARQ ACK feedback
	1. Support feedback of HARQ-ACK codebook containing all configured HARQ processes for all configured CCs, triggered by a DCI 1_1 scheduling a PDSCH
	10-1 or 10-2
Need discussion for licensed use
	Per band or pPer UE
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group. 
	Optional with capability signalling

	10-16a
	One-shot HARQ ACK feedback trigger with empty DCI 1_1
	1. Support feedback of HARQ-ACK codebook containing all configured HARQ processes for all configured CCs with a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value
	10-16
Need discussion for licensed use
	Per band or pPer UE
	
	Optional with capability signalling

	10-17
	Multi-PUSCH UL grant
	1. Support of scheduling up to 8 PUSCH with a single DCI 0_1 
	10-1 or 10-2 Need discussion for licensed use
	Per band or pPer UE
	
	Optional with capability signalling



However, do not see any motivation to let the features for search space set group switching and search space/CORESET configuration in wideband to be used for licensed band. Those features were introduced to overcome the limitation of unlicensed band and we do not see any benefits when used for licensed operation.
Proposal 6: 
· Do not open 10-9/10-9a/10-9b/10-20/10-20a for licensed use.

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Note
	Mandatory/Optional

	10-9
	Search space set group switching with explicit DCI 2_0 bit field trigger
	1. Two groups of search space sets
2. Monitor DCI 2_0 with a search space set switching field 
3. Support a timer to switch back to original search space set group
4. Monitor DCI 2_0 for channel occupancy time and use the end of channel occupancy time to switch back to the original search space set group
	10-1, 10-1a,  10-2, or 10-2a
Need discussion for licensed use
	FFS: Per UE or per Per band or per BC
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.
	Optional with capability signalling

	10-9a
	Search space set group switching with implicit PDCCH decoding with DCI 2_0 monitoring
	1. Two groups of search space sets
2. Support switching the search space set group with PDCCH decoding in group 1 
3. Support a timer to switch back to original search space set group
4. Monitor DCI 2_0 for channel occupancy time and use the end of channel occupancy time to switch back to the original search space set group
	10-1, 10-1a, 10-2, or 10-2a
Need discussion for licensed use
	FFS: Per UE or per Per band
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.
	Optional with capability signalling

	10-9b
	Search space set group switching with implicit PDCCH decoding without DCI 2_0 monitoring
	1. Two groups of search space sets
2. Support switching the search space set group with PDCCH decoding in group 1 
3. Support a timer to switch back to original search space set group
	10-1, 10-1a, 10-2, or 10-2a
Need discussion for licensed use
	FFS: Per UE or per Per band
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.
	Optional with capability signalling

	10-20
	Support search space set configuration with freqMonitorLocation-r16
	1. Support search space set configuration with freqMonitorLocations-r16
	10-1, 10-1a,  10-2, or 10-2a
Need discussion for licensed use
	Per band
	
	Optional with capability signalling

	10-20a
	Support coreset configuration with rb-Offset
	1. Support coreset configuration with rb-Offset 

	10-1, 10-1a,  10-2, or 10-2a
Need discussion for licensed use
	Per band
	
	Optional with capability signalling


Conclusions
It is proposed to reflect the following proposals for NR-U UE features.

Proposal 1: Put the restriction of FR1 unlicensed band in the note of 10-1, 10-1a, 10-2, and 10-2a.
Proposal 2: remove 10-2b and change the component 8 of 10-2.
Proposal 3: 
· Merge 10-3/10-3a/10-3b/10-3c into 10-1 and 10-2.
· If not merged, combine 10-3/10-3a/10-3b/10-3c into a single feature group and remove “Need discussion for licensed use”.
Proposal 4: 
· Remove 10-19b.
· Discuss more on the necessity of 10-19c.
Proposal 5: 
· Let 10-8/10-11/10-14/10-15/10-16/10-16a/10-17 be used for licensed band
Proposal 6: 
· Do not open 10-9/10-9a/10-9b/10-20/10-20a for licensed use.
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