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This contribution summarizes the discussions and proposals in AI 7.2.11 regarding UE features for NR-U.
Based on the discussions summarized in Section 2, followings are parts of the suggested email discussions/approvals for AI 7.2.11. 
FL proposal of email discussion/approval:
[103-e-NR-UEFeature-NRU-01] Email discussion/approval on UE features for NR-U (26th Oct – 3rd Nov)
· Whether each of FGs10-9/9b/9c/9d/15/16/20a is applicable to licensed bands or not
· Whether/how to define basic FG(s) for each of particular NR-U deployment scenarios
· How to handle FG10-19a/b/c/d/e/f in RAN1 UE features list and how to reply to RAN4 LS



Companies are encouraged to check above FL proposal and to provide feedback if any in below.
	Company
	Comment

	Nokia, NSB
	We are fine with the proposed discussion points.

	Apple 
	Support FL proposal. 
More specifically, on issue 3, i.e. FG 10-19x features, our preference is to keep the earlier RAN1 concensus in previous LS to RAN4, i.e. leaving the whole set of features to be discussed and concluded by RAN4. We can send a simple LS reply to RAN4 to reiterate the original intension. 

	MediaTek Inc.
	We support FL’s proposal. 
Regarding issue 3, we share a similar view with Apple that RAN1 should be consistent with RAN1’s previous consensus and leave the discussion and decisions to RAN4. As Apple has suggested, in the reply LS, we can simply clarify RAN1’s original intension. Furthermore, we think it is better to send the reply LS to RAN4 before RAN4’s meeting starts so that RAN4 can resume their discussion as soon as possible.    

	LG Electronics
	Support FL’s proposal. Also agree to send reply LS to RAN4 as soon as possible so that RAN4 can resume a relevant discussion from the start of this RAN4 meeting.

	Huawei, HiSilicon
	We are fine with the proposed discussion points. On point #3 we think that RAN1 should discuss the relation between FG4-1 and FGs 10-19x, so we prefer to have a technical discussion in RAN1 rather than just kicking the ball back to RAN4. RAN1 should also ask for clarifications on FG4-1, as discussed in R1-2008780.

	Intel
	We are fine with the proposed discussions points 

	Moderator
	Thanks for the feedbacks.
I see that proposed email discussion scope seems fine for all, and regarding discussion point #3, although we would need to have some technical discussion, it would be good if we can send the reply LS to RAN4 before RAN4 meeting start (i.e., by the end of 1st week of RAN1#103e). I already scheduled the discussion on reply LS to RAN4 on Tuesday GTW3 in 1st week.

	Ericsson
	A bit late (sorry), but we also support the FL proposal on discussion points. We share a similar view as Apple, MediaTek, LG. Similar to Huawei, we also seek clarification on the relationship between RAN4 FG 4-1 and RAN1 FG 10-19x, so some discussion is warranted.

	Moderator
	Thank you very much for further feedback.
Based on the all feedbacks, it seems ok to keep the original FL proposal on email discussion scope for UE features on NR-U.
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1. 
Discussion on NR Rel-16 UE features

Applicability of NR-U features 10-9/9b/9c/9d/15/16/20a to licensed band
	10. NR-unlicensed
	10-9
	Search space set group switching with DCI 2_0 monitoring
	1. Two groups of search space sets
2. Monitor DCI 2_0 with a search space set switching field 
3. Support switching the search space set group with PDCCH decoding in group 1 
4. Support a timer to switch back to original search space set group
5. 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
	
	Yes
	N/A
	
	Per band 
	N/A
	N/A
	N/A
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	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
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-9c
	Joint search space group switching across multiple cells
	1. Configured with a group of cells and switch search space set group jointly over these cells
	one of {10-9, 10-9b}
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Without this capability, the UE will switch search space set groups for different cells independently

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-9d
	Support Search space set group switching capability 2
	1. Search space set group switching Capability-2: P=10/12/22 symbols for µ = 0/1/2 SCS
	one of {10-9, 10-9b}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Without this capability, the UE supports search space set group switching capability-1: P=25/25/25 symbols for µ=0/1/2

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-15
	Enhanced dynamic HARQ codebook
	1. Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1 (configuration of nfi-TotalDAI-Included)
2. Support of bit field in DCI 0_1 for other group total DAI if configured. (configuration of ul-TotalDAI-Included)
3. Support the retransmission of HARQ ACK (pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16)
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Enhanced dynamic HARQ codebook supporting grouping of HARQ ACK and triggering the retransmission of HARQ ACK in each group

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-16
	One-shot HARQ ACK feedback
	1. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_1 scheduling a PDSCH
2. Support feedback of type 3 HARQ-ACK codebook , triggered by a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group. 

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

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

	
	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




Following proposals are made in contributions.
	[3]
	Extension of NR-U Feature Groups to licensed operation
RAN plenary confirmed to “discuss feature by feature the applicability of the features developed for unlicensed to licensed”, as endorsed in the conclusion of RP-202045.
Extensive discussion took place at RAN1#102e on proposals to extend the applicability of FG10-9/9b/9c/9d/15/16/20a to licensed operation. There was no consensus to do so in RAN1 but no conclusion was reached [R1-2007014]. All the arguments have been laid out so it is unclear how much more discussion is still needed before concluding that those FGs are not extended to licensed operation.
On one hand some companies are saying that we took the effort to specify those features so they should be extended to licensed operation… however we didn’t agree to do that for all such features in NR-U even if there is no additional effort, e.g. for PRB-interlaced PUSCH.
On the other hand other companies are saying that there is no benefit to extend those features to licensed operation, except perhaps for URLLC in relation the HARQ enhancements but that would require additional design efforts (which are best undertook as part of Rel-17 if there is agreement to do so).
Multiplying options in specifications is a cause of market fragmentation so this should be decided carefully. It would be unusual to introduce options and features without justification of use case and benefits.
In conclusion, we still do not support extending those FGs to licensed operation.
Proposal NRU-1: The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for these FGs.

	[4]
	· Regarding FG 10-9/9b/9c/9d (search space set group switching)
Benefit for licensed bands: No strong benefit. Dynamic switching of search space sets is particularly favorable to unlicensed spectrum operation since channel occupancy is instantly determined based on the outcome of LBT. In licensed band, other tools to adapt PDCCH monitoring periodicities (with lower dynamics compared to search space set group switching) are already supported, e.g., by BWP switching or dormant BWP. If an optimization for search space set group switching is needed, Rel-17 WI(s) should be the right place for the optimization.
· Regarding FG 15/16 (e-Type-2/Type-3 HARQ-ACK codebook)
Benefit for licensed bands: We still don’t see any necessity/essentiality of these features for licensed band operation. Regarding PUCCH miss detection due to interference, we think there are already several tools for gNB to handle such case based on the adaption of related parameters, for example, PUCCH power control or max coding rate, by tracking channel/interference as have been done so far. Regarding LP UCI drop due to preemption by HP UCI, unlike the NR-U situation where the LBT failure in UE could not be anticipated in gNB, since the gNB would intentionally preempt with HP UCI in this case even though consequently LP UCI would be dropped, such case could be under gNB control/management. Moreover, since considerable specification impact is expected if e-Type-2/Type-3 codebook in NR-U and multiple/different HARQ priority in URLLC are combined, we at least strongly object such combination.
Potential problems: Considerable specification impact is expected if e-Type-2/Type-3 codebook in NR-U and multiple/different HARQ priority in URLLC are combined.
· Regarding FG 20a (rb-Offset)
Benefit for licensed bands: No benefit. Since reference Point A can be configured per CC, if gNB needs to align CORESET#0 with regular CORESETs (other than CORESET#0), they can be aligned by configuring different reference points A per CC, without using FG 10-20a.

Proposal #1: The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.

	[5]
	View
· Regarding FG10-9/9b/9c/9d, power saving function using SS set switching is also discussed in Rel.17 RedCap SI and Power Saving WI and FG10-9/9b/9c/9d can be assumed as the baseline for the enhancement. In that sense, we are fine to extend FG10-9/9b/9c/9d to licensed bands.
· Regarding FG10-15/16, as the combination of eType2/Type3 HARQ feedback and two priorities of HARQ-ACK is not supported in Rel.16, the benefit for applying FG10-15/16 to lisenced bands is limited. Enhancement for licensed bands is discussed in Rel.17 URLLC/IIoT considering the different priorities. In that sense, we think FG10-15/16 are only applicable to unlicensed bands.
· Regarding FG10-20a, though the benefit (align CORESET’s PRB grid with CORESET0 for efficient use of frequency resources) is not significant, we are open to to extend FG10-20a to licensed bands as there seems no additional specification impact.

	[6]
	FG-15/16
These two features enable mechanisms to request HARQ-ACK feedback when gNB has missed the reception of HARQ-ACK feedback. A strong motivation under NR-U was LBT failure at the UE, but it should be well understood that in a network operating on licensed or unlicensed bands, other reasons than LBT failure exist that can result in miss detection or cancellation of HARQ-ACK transmission. Examples are miss detection due to interference or poor coverage or cancellation due to overriding and dynamic SFI. Given that these features from specification and functionality perspectives are not affected by operation on unlicensed bands, imposing limitation by specification to only one use case, would be perceived as an artificial restrictions that is not technically motivated.
[bookmark: _Toc53814454]FG 10-15/16 are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access).
FG 10-20a
This functionality enabled by this feature group is beneficial for licensed bands to enable shifting a CORESET off the 6-RB grid to enable alignment with CORESET0 (which is not restricted to the 6-RB grid). This is a useful feature in both licensed and unlicensed bands to reduce PDCCH blocking and enable efficient use of control channel resources.
[bookmark: _Toc53814455]FG 10-20a is applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access)
FG 9/9b/9c/9d
This functionality enabled by this set of feature groups is generic – and indeed beneficial – to enable power saving at the UE. Hence, this feature should be applicable also to licensed bands. We understand that Component 5 of 10-9 that refers to monitoring DCI 2_0 for channel "channel occupancy" is not relevant for licensed operation. However, the spec supports not configuring this field in DCI 2_0 in which case the UE switches back to monitoring the default search space group at the end of the indicated SFI (or timer expiry, whichever occurs first). Hence, 10-9 and 10-9b are relevant in licensed bands.
[bookmark: _Toc46999995][bookmark: _Toc47739311][bookmark: _Toc47739556][bookmark: _Toc47740066][bookmark: _Toc47740104][bookmark: _Toc47740965][bookmark: _Toc47741398][bookmark: _Toc47744337][bookmark: _Toc53814456]At least FGs 9/9b/9c are applicable to licensed operation (i.e., NOT restricted to shared spectrum channel access). For FG 10-9 in licensed bands, Component 5 is not required.

	[7]
	Regarding licensed applicability of the above FGs, the following alternatives are discussed in RAN1#102-e:
Alt.1:
· The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.
Alt.2:
· The FG10-9/9b/9c/9d/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.
· The FG10-15/16 are also applicable to licensed bands.
Alt.3:
· The FG10-9/9b/9c/9d/15/16/20a are also applicable to licensed bands.
It involves the following 3 categories of FGs:
· Search space group switching related (FG 10-9/9b/9c/9d): Although the general idea could be applied to licensed band for power saving purpose, it is mainly developed for unlicensed band and the detailed mechanism is not very suitable for licensed band. NR Rel-17 power saving project is a better place to discuss the details based current NRU search space group switching mechanism.
· HARQ related (FG 10-15/16): We do not see the need of extension to licensed band since it is introduced due to LBT requirement on unlicensed band which doesn’t exist in licensed band.
· Wideband related (FG 10-20a): This feature is introduced to skip the intra-carrier guard band in Coreset configuration for unlicensed band. There is no intra-carrier guard band for licensed band and thus no any benefit when applicating to licensed band.
In summary, Alt. 1 is preferred according to the above analyses.
Proposal 3-1: The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.

	[8]
	As discussed during RAN1#102-e, it is our understanding FGs that 10-9/b/c/d should not be extended to licensed operation as they are linked to COT information. If applied to licensed band operation, then it would require further clarifications in specifications on how to interpret the COT information, and that is tantamount to introducing a late Rel-16 feature in licensed bands, which is beyond the scope of this discussion. As for 10-15/16/20a we can be open for application to licensed band, if clear motivation is shown.
Proposal 1: Do not extend FGs 10-9/b/c/d to licensed operation. 



Discussion point #1
· Whether each of FGs10-9/9b/9c/9d/15/16/20a is applicable to licensed bands or not

Basic FG(s) for particular NR-U deployment scenarios

Following proposals are made in contributions.
	[2]
	In the RAN1#100bis-e meeting, there has been discussed about the structure of the basic feature groups, and the following working assumption has been reached.
	· [Working assumption] Take either one of following alternatives
Alt.1:
· Define a table to capture the basic FGs required for a certain NR-U deployment scenario in specification
· Note: the table does not have impact on capability signaling
· Note: the grouping of FGs in the table does not have impact on “prerequisite FGs” column in features list 
Alt.2:
Capture an association between the basic FGs required to be supported and a certain NR-U deployment scenario in the UE features list



In our view, Alt.1 is clear as the table is defined with the intention that the basic FGs would be defined with tightly related functionality, and the basic FGs would try to avoid overlapping functionality as much as possible. It would be easier to build the relationship between the basic FGs and other optional FGs in terms of prerequisite condition. 
Proposal 6 (NRU): 
· The following table is defined in specification to capture the basic FGs required for a certain NR-U deployment scenario.
	Basic FGs
	Deployment scenarios

	
	A-1 (SCell)
	A-2 (SCell)
	A-2 (SCell)
	C (Standalone),
D (Standalone + SUL)
	C (Standalone),
D (Standalone + SUL)
	B (EN-DC),
E (NR-NR DC)
	B (EN-DC),
E (NR-NR DC)

	
	DL only
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE

	10-1: UL channel access for dynamic channel access mode  
	
	X
	
	X
	
	X
	

	10-1a: UL channel access for semi-static channel access mode
	
	
	X
	
	X
	
	X

	10-2: SSB based RRM for dynamic channel access mode
	X
	X
	
	X
	
	X
	

	10-2a: SSB based RRM for semi-static channel access mode
	X
	
	X
	
	X
	
	X

	10-2b: MIB reading on unlicensed cell
	
	
	
	X
	X
	X
	X

	10-2c: SSB-based RLM for dynamic channel access mode
	
	
	
	X
	
	X
	

	10-2d: SSB-based RLM for semi-static channel access mode
	
	
	
	
	X
	
	X

	10-2e: SIB1 reception
	
	
	
	X
	X
	
	




	[3]
	It seems we would first need to clarify whether the basic FGs are essential for operation in a particular scenario, or also include FGs desirable for a certain purpose (e.g. better performance). If the answer is only essential FGs would be selected (as suggested by Ericsson) then we don’t need to spend time mapping the FGs to scenario. Perhaps as Nokia commented the answer about which FGs are essential is not clear and may deserve a clarification but even if we don’t discuss this we believe UEs will implement all features that are needed for basic operation, and may implement features that provide increased performance. Since we will not specify the scenarios in technical specifications, this exercise could probably be avoided to save time and efforts.
Lack of consensus was seen on whether the following FG should be considered basic: 10-3/3a/27/29/30/31.
Proposal NRU-2: no need to spend more time discussing basic FGs for NR-U. The note "This FG may be part of basic operation for a particular scenario" can be deleted from all NR-U FGs.

	[4]
	· Regarding FG10-2f
FG 10-2f is suggested to be the basic FG only for scenario B/E (i.e., PSCell (DL + UL) in band for shared spectrum channel access). For scenarios C/D (i.e., PCell (DL + UL) in band for shared spectrum channel access), if this feature group is mandated, NR-U UE may be required to decode neighbor cell’s MIB to obtain SFN of target NR-U cell to validate SFN 2 bit indication in DCI 1_0. However, since MIB decoding for hand-over case may lead to a burden to UE implementation and increase of hand-over latency, some UE implementation can choose to proceed hand-over and RACH procedures before UE decodes target cell’s MIB and validates SFN 2 bit indication in DCI 1_0. Therefore, it should be considered for a UE to perform handover procedure without reading neighbor cell’s MIB. In other words, if a UE does not indicate its capability for scenarios C/D, the UE can transmit PRACH on the target cell before reading MIB of the target cell during handover procedure, even though RAR window is configured as larger than 10 msec. With this regard, NOTE column of this feature group can be updated as follows with highlighted part (It should be noted that irrelevant columns are removed for the convenience):

	Features
	Index
	Feature group
	Components
	Note
	Mandatory/Optional

	10. NR-unlicensed
	10-2f
	Support monitoring of extended RAR window
	1. Support of RAR extension from 10ms to 40ms by decoding of the 2-bit SFN indication in DCI 1_0
	the signaling is per band but is only expected for a band where shared spectrum channel access must be used.
The UE incapable of this feature group for PCell (DL + UL) in band for shared spectrum channel access, can transmit PRACH on the target cell before reading MIB of the target cell during handover procedure.
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario



Proposal #2: FG 10-2f is to be the basic FG only for scenario B/E (i.e., PSCell (DL + UL) in band for shared spectrum channel access).
Proposal #3: For FG 10-2f, add the following in the NOTE column.
· The UE incapable of this feature group for PCell (DL + UL) in band for shared spectrum channel access, can transmit PRACH on the target cell before reading MIB of the target cell during handover procedure.

· Regarding FG3/3a/27
FG 10-3/3a/27 are suggested to be the basic FG for scenario C (i.e., PCell (DL + UL) in band for shared spectrum channel access) since these feature groups are enabled via SIB. It would be undesirable from UE/NW perspective to face the situation where gNB configures to enable those FGs via SIB but UEs in initial access are not capable of supporting those FGs.

Proposal #4: FG 10-3/3a/27 are to be the basic FG for scenario C (i.e., PCell (DL + UL) in band for shared spectrum channel access)

	[5]
	View
· Regarding the following questions from moderator, we think only the FGs that are essential for NR-U should be defined as basic FGs for a particular scenario, and hence, the answer to the first question is “Yes”. It would be obvious which FGs are applicable to each deployment scenarios as discussed in the last meeting, so the answer to the second question is also “Yes” and we can close the discussion on the basic FGs.
· Do you think that basic FGs for each NR-U deployment scenario are only limited to quite obvious FGs such as 10-1 to 10-2f?
· If answer to above question is Yes, do you think we don’t need to explicitly capture the table or something else regarding basic FGs for each NR-U deployment scenario in specification?

	[7]
	Regarding basic FG definition, the following FGs are listed as candidate basic FGs in Error! Reference source not found. and our view is provided below:
	FG
	Description
	Our view

	10-1
	UL channel access for dynamic channel access mode  
	It should be basic FG for standalone and LAA DL+UL scenario with LBE since LBT is mandatory for UL transmission.

	10-1a
	UL channel access for semi-static channel access mode
	It should be basic FG for standalone and LAA DL+UL scenario with FBE since LBT is mandatory for UL transmission. 

	10-2
	SSB-based RRM for dynamic channel access mode
	It should be basic FG for standalone scenario with LBE since it is needed for mobility measurement.

	10-2a
	SSB-based RRM for semi-static channel access mode
	It should be basic FG for standalone scenario with FBE since it is needed for mobility measurement.

	10-2b
	MIB reading on unlicensed cell
	It should be basic FG for standalone scenario since it is needed for initial access.

	10-2c
	SSB-based RLM for dynamic channel access mode
	It should be basic FG at least for standalone scenario with LBE since it is needed for link reliability.

	10-2d
	SSB-based RLM for semi-static channel access mode
	It should be basic FG at least for standalone scenario since it is needed for link reliability.

	10-2e
	SIB1 reception on unlicensed cell
	It should be basic FG for standalone scenario since it is needed for initial access.

	10-2f
	Support monitoring of extended RAR window
	It should be basic FG for standalone scenario with LBE since it is needed for initial access.

	10-27
	Wideband PRACH
	Not necessary as a basic FG since legacy PRACH still works

	10-29
	Support available RB set indicator field in DCI 2_0
	Not necessary as a basic FG since it still works without it.

	10-30
	Support channel occupancy duration indicator field in DCI 2_0
	Not necessary as a basic FG since it still works without it.



Based on the above analysis, the following proposal is made:
Proposal 3-2: FG 10-1, 10-1a, 10-2, 10-2a, 10-2b, 10-2c, 10-2d, 10-2e and 10-2f should be basic FGs for at least one particular scenario.

	[8]
	The following classification of scenarios has been proposed by the moderator in RAN1#102-e, but discussion on this topic has been postponed to RAN1#103-e:

1. SCell (DL-Only) in band for shared spectrum channel access (maps to Scenario A) 
a. For dynamic channel access mode
b. For semi-static channel access modes
2. SCell (DL + UL) in band for shared spectrum channel access (maps to Scenario A)
a. For dynamic channel access mode
b. For semi-static channel access mode
3. PCell (DL + UL) in band for shared spectrum channel access (maps to Scenario C)
a. For dynamic channel access mode
b. For semi-static channel access mode
4. PCell (DL + UL) in band for shared spectrum channel access + SUL in licensed band (maps to Scenario D)
a. For dynamic channel access mode
b. For semi-static channel access mode
5. PSCell (DL + UL) in band for shared spectrum channel access (maps to Scenarios B,E)
a. For dynamic channel access mode
b. For semi-static channel access mode

Proposal 2: Agree with the classification of scenarios as proposed by the moderator in RAN1#102-e.
Regarding the mapping of FGs to scenarios, we propose the following, based on moderator’s proposal for RAN1#102-e and the scenario mapping above:
Table 1: Mapping of FGs to scenarios
	
	FG
	Components
	Scenario where the FG is required as part of basic FGs (index is based on FL proposal 2)

	10-1
	UL channel access for dynamic channel access mode  
	1. Type 1 channel access and contention window size adjustment
2. Type 2A channel access
3. Type 2B channel access
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	2a, 3a, 4a, 5a

	10-1a
	UL channel access for semi-static channel access mode
	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	2b, 3b, 4b, 5b

	10-2
	SSB-based RRM for dynamic channel access mode
	1. SSB-based RRM with Q for dynamic channel access mode
	1, 2a, 3a, 4a, 5a

	10-2a
	SSB-based RRM for semi-static channel access mode
	1. SSB-based RRM with Q for semi-static channel access mode, when SMTC window is no longer than the fixed frame period
	1, 2b, 3b, 4b,5b

	10-2b
	MIB reading on unlicensed cell
	1. MIB reading on unlicensed cell for PCell and PSCell
	3a, 3b, 4a, 4b, 5a, 5b

	10-2c
	SSB-based RLM for dynamic channel access mode
	1. SSB-based RLM with Q for dynamic channel access mode
	3a, 4a, 5a

	10-2d
	SSB-based RLM for semi-static channel access mode
	1. SSB-based RLM with Q for semi-static channel access mode, when DRS window is no longer than the fixed frame period
	3b, 4b, 5b

	10-2e
	SIB1 reception on unlicensed cell
	1. SIB1 reception on unlicensed cell for PCell
	3a, 3b, 4a, 4b

	10-2f
	Support monitoring of extended RAR window
	1. Support of RAR extension from 10ms to 40ms by decoding of the 2-bit SFN indication in DCI 1_0
	3a, 3b, 4a, 4b, 5a, 5b

	10-3
	PRB interlace mapping for PUSCH
	1. PRB interlace frequency domain resource allocation for PUSCH
	Not basic to any scenario

	10-3a
	PRB interlace mapping for PUCCH
	1. PRB interlace frequency domain resource allocation for PUCCH format 0 and format 1
2. PRB interlace frequency domain resource allocation for PUCCH format 2
PRB interlace frequency domain resource allocation for PUCCH format 3
	Not basic to any scenario

	10-27
	Wideband PRACH

	1. Enhanced PRACH design for NR-U by adopting a single long ZC sequence, with ZC sequence = 1151 for 15kHz and ZC sequence = 571 for 30kHz
	Not basic to any scenario

	10-29
	Support available RB set indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read availableRB-Sets-r16
	

	10-30
	Support channel occupancy duration indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read COT duration
	1, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b

	10-31
	Support of P/SP-CSI-RS reception with CSI-RS-ValidationWith-DCI-r16 configured
	1. Validate P/SP-CSI-RS reception when receiving a DCI granting a PDSCH over the same set of symbols
2. Validate P/SP-CSI-RS reception when receiving a DCI triggering a A-CSI-RS over the same set of symbols
	1, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b



Proposal 3: Adopt the mapping of capabilities as in Table 1. 



Discussion point #2
· Whether/how to define basic FG(s) for each of particular NR-U deployment scenarios


FGs related to Wideband operation
	10. NR-unlicensed
	10-19a
	DL wideband carrier operation mode 1
	Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	 These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19b
	DL wideband carrier operation mode 2
	Support of DL wideband carrier operation mode 2: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19c
	DL wideband carrier operation mode 3
	Support of DL wideband carrier operation mode 3: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19d
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT sub-bands of BWP
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19e
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits if LBT passes for single scheduled LBT sub-band
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19f
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling



Following proposals are made in contributions.
	[5]
	Reference: RAN4 UE feature
	
	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	yes
	no
	UE cannot receive in the guardband, it could only receive in the subbands
	per Band
	No
	No
	
	
	Optional with capability signalling



View
· Regarding the note highlighted by yellow, RAN1 asked RAN4 to define the corresponding UE capabilities, if necessary, in R1-2004965, but RAN4 couldn’t understand RAN1’s intention correctly as mentioned in R4-2011931. Based on the answer in R4-2011931, it is our understanding that no capability for UL wideband carrier operation (i.e. FG10-19d/e/f) is necessary as RAN4 see no difference between mode 1/2A/2B in RF requirement. For DL, as RAN4 answered that FG4-1 in RAN4 UE feature differentiates DL Cases 2a/2b and 3, while RAN4 has not reached consensus yet whether there is a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4. Therefore, it would better to send LS again to RAN4 to request to define the corresponding UE capabilities if they reach consensus that there is a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4.

	[6]
	FG 10-19a/b/c/d/e/f
In RAN1#101 an LS was sent to RAN4 Error! Reference source not found. requesting feedback on UE capabilities relating to wideband operation. In the same meeting, RAN1 defined 6 FGs related to wideband carrier operation (10-19a/b/c/d/e/f) so RAN2 could reserve capability signaling until RAN4 had a chance to respond to the LS. The following note was added for these FGs:
	Note

	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965



RAN4 provided a reply LS to RAN in this meeting Error! Reference source not found. with answers to some of the questions, but they indicated that consensus had not yet been achieved regarding Question 2b on whether or not there are differences in UE capabilities between DL cases 2a/2b/3/4. In the LS, RAN4 has asked RAN1 about RAN1's intention regarding FGs 10-19a/b/c/d/e/f. There seems to be lack of clarity on if RAN4 should confirm these FGs or if RAN4 should define new UE capabilities in RAN4. It is our understanding that the purpose of RAN1 defining FGs 10-19a/b/c/d/e/f was to leave these as placeholders for the capabilities that RAN4 may define. Hence, we propose that these FGs be left in place until RAN4 concludes.
[bookmark: _Toc53814457]FGs 10-19a/b/c/d/e/f should be left in place until RAN4 concludes on UE capabilities related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B.
[bookmark: _Toc53814458]Respond to RAN4 that the FG 10-19a/b/c/d/e/f can be used for capability signaling related to DL wideband carrier operation Modes 1/2/3 and UL wideband carrier operation Modes 1/2A/2B. It is not necessary for RAN4 to define separate capabilities.

	[8]
	At the end of RAN1#102, RAN4 sent a LS reply in [2], which could not be appreciated by RAN1 in time. Along with some responses to earlier questions from RAN1, RAN4 also asked one question:
	RAN4 response: RAN4 would like to further understand RAN1’s intention of the action in the LS: whether RAN1 is asking RAN4 to confirm the feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 or RAN1 is asking RAN4 to define new UE capabilities in RAN4 feature list, if needed.



Originally RAN1 had requested RAN2 to reserve the bits for these FGs just in case RAN4 would agree to define those capabilities in the end, but the decision was entirely up to RAN4. The main motivation was to allow the opportunity for such FGs to be included, if needed, without creating problems with ASN.1 freeze timeline. Given the fact that RAN2 has decided against introducing FGs without content in September version of the specifications, and the fact that RAN Plenary has agreed to freeze the Rel-16 specifications in September, it is not justified to reiterate the original request to have such bits reserved by RAN2. 
Hence, RAN1 can have one of the following courses of action for replying to RAN4:
1) clarify that the original request can be discarded by RAN4 and it is up to RAN4 to consider potential new capabilities for wideband operation
2) based on the answers provided by RAN4 provide a more focused and actionable request to RAN4 

While we are open to both approaches, we see that approach 2) above might help RAN4 in progressing with the issue, and we provide further analysis on our views in [3]. In summary, we propose the following:
Proposal 4: Conclude that from baseband processing point of view, no further capabilities are needed for DL WB modes Case 2a/2b, 3, and 4. RF aspects are up to RAN4.
Proposal 5: Consider introducing capability for UE to be scheduled on N contiguous sub-bands. 
· N=1 UE supports UL scheduling for 1 RB-set (mandatory when UE indicates capability for UL )
· N=2 UE supports UL scheduling for up to 2 contiguous RB-sets
· N=3 UE supports UL scheduling for up to 3 contiguous RB-sets
· N=4 UE supports UL scheduling for up to 4 contiguous RB-sets

	[10]
	From our understanding, RAN1’s intention is to let RAN4 define new UE capabilities based on RAN4 discussion. In other words, the feature groups 10-19a/b/c/d/e/f are just reserved bits, and if RAN4 will decide to introduce new UE capabilities on DL/UL wideband carrier operation, if any, some of bits assigned for the feature groups 10-19a/b/c/d/e/f will be replaced by RAN4’s new UE capabilities. Besides, this RAN1’s intention is clearly captured in NOTE column of the feature groups 10-19a/b/c/d/e/f [2], “These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965”. Therefore, we propose to send reply LS to RAN4 to clarify RAN1’s intention.

Proposal: Send a reply LS to RAN4 with the following statement.
In LS from RAN1 on UE capability on wideband carrier operation for NR-U (R1-2004965), RAN1 intended that RAN4 define new capabilities in RAN4 feature list, if needed. It is clarified that the feature groups 10-19a/b/c/d/e/f in RAN1 feature list R1-2007326 are reserved and will be replaced by RAN4 new capabilities, if defined.

	[11]
	On one hand, RAN1 asked RAN2 to reserve bits [10-19x], under pressure of finalizing the capabilities in May. On the other hand, RAN2 decided not to standardize reserved bits without agreed content, this being pointed out also by LS from RAN2. From baseband processing point of view there is no need to define any of [10-19x] DL capabilities.

Furthermore, neither of RAN1 and RAN2 agreed to introduce [10-19x] capabilities. Content of capabilities, if any, is therefore up to RAN4 and should reflect RF aspects. 

To RAN4 group
ACTION: 	RAN WG1 respectfully asks RAN WG4 to introduce capabilities and their content for DL and UL cases if such capabilities are deemed needed.

	[12]
	Regarding RAN4’s following response, RAN1’s intention has been to ask RAN4 define new UE capabilities when they identify the need, while [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], and [10-19f] are simply serving as examples for RAN2&RAN4’s reference. Therefore, RAN1 expects UE capabilities related to NR-U wideband operation are to be defined by RAN4. Hopefully, the above clarifies RAN4’s question. 

“RAN4 response: RAN4 would like to further understand RAN1’s intention of the action in the LS: whether RAN1 is asking RAN4 to confirm the feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 or RAN1 is asking RAN4 to define new UE capabilities in RAN4 feature list, if needed.”

2. Actions:
ACTION: 	RAN WG1 respectfully asks RAN WG4 and WG2 to take the above into account in their future work.

	[13]
	RAN1 would like to clarify that RAN1 believes RAN4 has the expertise to define these UE capabilities properly and is requesting RAN4 to define new UE capabilities in RAN4 feature list if needed. Even though feature groups [10-19a/b/c/d/e/f] are included in RAN1 feature list, there is also a note included in those feature groups to clarify that “These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965”. Additionally, in the LS R1-2004965, RAN1 requested RAN2 “to reserve capability signalling bits for indication of Mode 1/2/3 for DL and Mode 1/2A/2B for UL as a precaution in case the capability discussion in RAN4 cannot be concluded by the end of RAN4#95-e. It is RAN WG1's understanding that the bits can be kept or reused as needed after the June deadline.”

Consider in R4-2011931, the RAN4 answers to questions 2a/2c in R1-2004965 are yes, RAN1 would like to request RAN4 to define proper UE capabilities on wideband carrier operation for NR-U.

To RAN WG 1 group
ACTION: 	RAN WG1 respectfully asks RAN WG4 to take above information into consideration and define UE capabilities on wideband carrier operation for NR-U in RAN4 feature list.

	[14]
	Regarding the question included in the following RAN4 response RAN1 intention in previous RAN1 LS R1-2004965 is to confirm the feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970. 

Finally, if the answer to any of Questions 2a/2b/2c/4/5 is yes and capabilities for any of the cases are deemed needed, RAN1 would like to request RAN4 to define the corresponding UE capabilities. 

To RAN4
ACTION: RAN1 respectfully ask RAN4 to take the above information into account.

	[15, 16]
	FG4-1 should be understood as referring to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. FG4-1 should NOT be understood as referring to intra-carrier guardband defined by RRC parameter IntraCellGuardBands-r16. A UE reporting the support for FG4-1 allows the gNB to configure nrofCRBs as 0 or non-zero. But if a UE does not report the support for FG4-1, the gNB should not configure nrofCRBs as 0 unless the gNB accepts the restriction of scheduling the UE only if LBT passes on all LBT subbands (DL wideband carrier operation mode 1). It is therefore important to clarify that 
FG4-1 refers only to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. As a consequence, there is no need to define an additional UE capability for the support of zero intra cell guard band.
FG4-1 refers to 10-19b and 10-19c as prerequisite FGs. DL wideband carrier operation modes 2 and 3 are only defined in the potential FGs 10-19b and 10-19c, so this is probably why RAN4 thought that 10-19b and 10-19c should be prerequisite of FG4-1. On the other hand, the definition of the components of 
10-19b and 10-19c do not actually tell anything about a UE capability but are just descriptions of LBT scenarios at the gNB. The corresponding UE capability is actually defined by FG4-1. So there is in fact no need for FGs 10-19b and 10-19c on top of FG4-1. The descriptions of DL wideband carrier operation modes 2 and 3 just need to be moved to the component description of FG4-1.

Proposal 1: FG4-1 refers only to the nominal intra-carrier guardband defined according TS 38.104 and 38.101-1. Update the component description of FG4-1 by directly including the description of DL wideband carrier operation modes 2 and 3. Respond to RAN4 LS with the proposed updates.

	Index
	Feature group
	Components

	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in a BWP wider than 20 MHz when LBT is successful only in a subset of the LBT sub-bands which are contiguous or non-contiguous DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	UE cannot receive in the guardband defined in TS 38.104 and 38.101-1, it could only receive in the subbands



In [3] RAN4 has responded to question 3 as follows:
Question 3: From RAN4 point of view, does “all LBT sub-bands” for Mode 1 refer to LBT sub-bands of configured carrier or BWP? 

· RAN4 response: Current NR considers requirements related to the carrier and not the BWP. RAN4 are of the understanding that it shall be all LBT sub-bands per configured carrier for DL.  

Based on this response, there should be no need to define FG10-19a, because “Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]” should be an obvious capability of any UE that supports a carrier bandwidth larger than 20 MHz in unlicensed band. The only remaining question is whether a NR-U capable UE should always be capable of supporting NR-U carrier bandwidths of 40, 60 and 80 MHz in addition to 20 MHz, or whether this should be a UE capability. In our understanding, RAN4 has not defined a UE capability for DL carrier bandwidths larger than 20 MHz, so it is assumed that a NRU-capable UE supports 20, 40, 60 and 80 MHz in DL, and therefore supports DL wideband operation mode 1 by default, and may report FG4-1 if it supports modes 2 and 3.

Proposal 2: There is no need to define FGs 10-19a/19b/19c in addition to FG4-1. A NRU-capable UE supports 20, 40, 60 and 80 MHz, and therefore supports DL wideband operation mode 1 by default.

RAN4 did not define any UE capability for uplink transmission in intra-carrier guardband. It is commonly understood that this transmitting in intra-carrier guardband is always feasible since the UE is only allowed to transmit in the entire scheduled uplink resources, which means that LBT must be successful in all LBT subbands within the scheduled bandwidth or overlapping with the scheduling bandwidth. This is already clear in the RAN1 specifications where TS38.214 section 6.1.2.2.3 says that “the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any.“

The only remaining aspect related to the UE behavior is whether the UE should be mandated to perform (and succeed) LBT in:
· all subbands in the entire UL carrier; or
· all subbands in the entire UL BWP; or
· all subbands within or overlapping with the allocated UL resource.
We think it should be sufficient for the UE to perform and pass LBT only in the subbands that are within or overlapping with the allocated UL resource.
Regarding UL wideband UE capabilities for NR-U, the question on the support of UL carrier bandwidths of 40, 60 and 80 MHz pertains to RAN4. Since RAN4 has not defined a UE capability for UL carrier bandwidths larger than 20 MHz, it is assumed that a NRU-capable UE supports 20, 40, 60 and 80 MHz in UL. There is no need to define FGs 10-19d/e/f in RAN1.

Proposal 3: There is no need to define FGs 10-19d/19e/19f for UL wideband operation. A UE should pass LBT in all subbands within or overlapping with the allocated UL resource before transmitting. A NRU-capable UE supports 20, 40, 60 and 80 MHz UL carrier bandwidths.



Discussion point #3
· How to handle FG10-19a/b/c/d/e/f in RAN1 UE features list and how to reply to RAN4 LS



Conclusion
Based on the email discussion in preparation phase, it was agreed to have following email discussion in RAN1#103-e.

[103-e-NR-UEFeature-NRU-01] Email discussion/approval on UE features for NR-U (26th Oct – 3rd Nov) – Hiroki (DCM)
1. Whether each of FGs10-9/9b/9c/9d/15/16/20a is applicable to licensed bands or not
1. Whether/how to define basic FG(s) for each of particular NR-U deployment scenarios
1. How to handle FG10-19a/b/c/d/e/f in RAN1 UE features list and how to reply to RAN4 LS
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Appendix: UE features list for NR-U in [1]
	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 (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
( 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

	10. NR-unlicensed
	10-1
	UL channel access for dynamic channel access mode  
	1. Type 1 channel access and contention window size adjustment
2. Type 2A channel access
3. Type 2B channel access
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-1a
	UL channel access for semi-static channel access mode
	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2
	SSB-based RRM for dynamic channel access mode
	1. SSB-based RRM with Q for dynamic channel access mode
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2a
	SSB-based RRM for semi-static channel access mode
	1. SSB-based RRM with Q for semi-static channel access mode, when SMTC window is no longer than the fixed frame period
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2b
	MIB reading on unlicensed cell
	1. MIB reading on unlicensed cell for PCell and PSCell
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2c
	SSB-based RLM for dynamic channel access mode
	1. SSB-based RLM with Q for dynamic channel access mode
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2d
	SSB-based RLM for semi-static channel access mode
	1. SSB-based RLM with Q for semi-static channel access mode, when DRS window is no longer than the fixed frame period
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2e
	SIB1 reception on unlicensed cell
	1. SIB1 reception on unlicensed cell for PCell
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2f
	Support monitoring of extended RAR window
	1. Support of RAR extension from 10ms to 40ms by decoding of the 2-bit SFN indication in DCI 1_0
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-2g
	SSB-based BFD/CBD for dynamic channel access mode
	SSB-based BFD/CBD with Q for dynamic channel access mode
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

	10. NR-unlicensed
	10-2h
	SSB-based BFD/CBD for semi-static channel access mode
	SSB-based BFD/CBD with Q for semi-static channel access mode
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Q indicates the value of RAN1 parameter 

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

	10. NR-unlicensed
	10-2i
	CSI-RS-based BFD/CBD for operation with shared spectrum channel access 
	CSI-RS-based BFD/CBD for operation with shared spectrum channel access 
	
	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

	10. NR-unlicensed
	10-7
	UL channel access for 10 MHz SCell  
	1. 10 MHz LBT bandwidth
	one of {10-1, 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


	10. NR-unlicensed
	10-10
	RSSI and channel occupancy measurement and reporting
	1. RSSI measurement
2. Channel occupancy reporting
	
	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


	10. NR-unlicensed
	10-11
	SRS starting position at any OFDM symbol in a slot
	1. Support transmitting SRS starting in all symbols (0,…,13) of a slot
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling


	10. NR-unlicensed
	10-20
	Support search space set configuration with freqMonitorLocation-r16
	1. Maximum number of frequency domain locations for a search space set configuration with freqMonitorLocations-r16
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Candidate values of component 1: {1, 2, ,3, 4, 5}

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling


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

	
	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


	10. NR-unlicensed
	10-23
	CGI reading on unlicensed cell  for ANR functionality
	1. Support acquisition of relevant information from a neighbouring NR unlicensed cell in an unlicensed carrier by reading the RMSI of the neighbouring unlicensed cell and reporting the acquired information to the network
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support reading RMSI from an unlicensed cell for ANR

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling


	10. NR-unlicensed
	10-25
	Enable configured UL transmissions when SFI field in DCI 2_0 is configured but DCI 2_0 is not detected
	1. Support configuration of enableConfiguredUL-r16 and enable transmission of higher-layer configured UL *SRS, PUCCH, CG-PUSCH etc) when SFI field in DCI 2_0 is configured but DCI 2_0 is not detected
	
	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


	10. NR-unlicensed
	10-27
	Wideband PRACH

	1. Enhanced PRACH design for operation with shared spectrum channel access by adopting a single long ZC sequence, with ZC sequence = 1151 for 15kHz and ZC sequence = 571 for 30kHz
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-29
	Support available RB set indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read availableRB-Sets-r16
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-30
	Support channel occupancy duration indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read COT duration
	
	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

This FG may be a part of basic operation for a particular scenario

	10. NR-unlicensed
	10-8
	Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision
	1. Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision
	5-6a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Note length 9/10 with DMRS shift due to CRS collision are already covered by 14-2
	Optional with capability signalling

	10. NR-unlicensed
	10-9
	Search space set group switching with DCI 2_0 monitoring
	1. Two groups of search space sets
2. Monitor DCI 2_0 with a search space set switching field 
3. Support switching the search space set group with PDCCH decoding in group 1 
4. Support a timer to switch back to original search space set group
5. 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
	
	Yes
	N/A
	
	Per band 
	N/A
	N/A
	N/A
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	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
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-9c
	Joint search space group switching across multiple cells
	2. Configured with a group of cells and switch search space set group jointly over these cells
	one of {10-9, 10-9b}
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	Without this capability, the UE will switch search space set groups for different cells independently

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-9d
	Support Search space set group switching capability 2
	2. Search space set group switching Capability-2: P=10/12/22 symbols for µ = 0/1/2 SCS
	one of {10-9, 10-9b}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Without this capability, the UE supports search space set group switching capability-1: P=25/25/25 symbols for µ=0/1/2

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-14
	Non-numerical PDSCH to HARQ-ACK timing
	1. Support configuration of a value for dl-DataToUL-ACK indicating an inapplicable time to report HARQ ACK
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	If non-numerical K1 value is supported

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-15
	Enhanced dynamic HARQ codebook
	1. Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1 (configuration of nfi-TotalDAI-Included)
2. Support of bit field in DCI 0_1 for other group total DAI if configured. (configuration of ul-TotalDAI-Included)
3. Support the retransmission of HARQ ACK (pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16)
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Enhanced dynamic HARQ codebook supporting grouping of HARQ ACK and triggering the retransmission of HARQ ACK in each group

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-16
	One-shot HARQ ACK feedback
	3. Support feedback of type 3 HARQ-ACK codebook, triggered by a DCI 1_1 scheduling a PDSCH
4. Support feedback of type 3 HARQ-ACK codebook , triggered by a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group. 

[the signaling is per band but is only expected for a band where shared spectrum channel access must be used]
	Optional with capability signalling

	10. NR-unlicensed
	10-17
	Multi-PUSCH UL grant
	1. Support of scheduling up to 8 PUSCH with a single DCI 0_1 
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	10. NR-unlicensed
	10-19a
	DL wideband carrier operation mode 1
	Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	 These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19b
	DL wideband carrier operation mode 2
	Support of DL wideband carrier operation mode 2: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19c
	DL wideband carrier operation mode 3
	Support of DL wideband carrier operation mode 3: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19d
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT sub-bands of BWP
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19e
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits if LBT passes for single scheduled LBT sub-band
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-19f
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	These FGs 10-19a/b/c/d/e/f are examples on what RAN1 ask RAN2 to reserve capability bits in LS R1-2004965

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-26
	CSI-RS based RLM for operation with shared spectrum channel access 
	CSI-RS based RLM for operation with shared spectrum channel access 
	
	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 signalling

	10. NR-unlicensed
	10-26a
	CSI-RS based RRM for operation with shared spectrum channel access 
	CSI-RS based RRM for operation with shared spectrum channel access 
	
	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 signalling

	10. NR-unlicensed
	10-31
	Support of P/SP-CSI-RS reception with CSI-RS-ValidationWith-DCI-r16 configured
	1. Validate P/SP-CSI-RS reception when receiving a DCI granting a PDSCH over the same set of symbols
2. Validate P/SP-CSI-RS reception when receiving a DCI triggering a A-CSI-RS over the same set of symbols
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	If UE does not signal capability for FG 10-31, the UE cannot be configured with CSI-RS-ValidationWith-DCI-r16.

If none of the RRC parameters CO-DurationPerCell-r16, SlotFormatIndicator, and CSI-RS-ValidationWith-DCI-r16 is configured on a cell with shared spectrum access, and P/SP CSI-RS is configured, for reception/cancellation of SP/P CSI-RS the behavior in 11.1 of TS38.213 applies as per agreement.

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

	10. NR-unlicensed
	10-3
	PRB interlace mapping for PUSCH
	1. PRB interlace frequency domain resource allocation for PUSCH
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support of PRB interlace PUSCH

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-3a
	PRB interlace mapping for PUCCH
	3. PRB interlace frequency domain resource allocation for PUCCH format 0 and format 1
4. PRB interlace frequency domain resource allocation for PUCCH format 2
5. PRB interlace frequency domain resource allocation for PUCCH format 3
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support of PRB interlace PUCCH format 0/1

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-12
	OCC for PRB interlace mapping for PF2 and PF3
	1. OCC2
2. OCC4
	10-3a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	UE OCC capability for EPF2/EFP3

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-13a
	Extended CP range of more than one symbol for CG-PUSCH
	1. UE supports generating a CP extension of length longer than 1 symbol for Configured Grant PUSCH transmission
	One or both of {5-19, 5-20}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	How long a UE can generate the CP extension beyond 1 symbol for CG-PUSCH

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-18
	Configured grant with retransmission in CG resources 
	1. Support retransmission in CG resources
2. Support configured grant retransmission timer
3. Support DFI monitoring
4. Support CG-UCI in CG-PUSCH
	One or both of {5-19, 5-20}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support configured grant with retransmission in configured grant resource

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10. NR-unlicensed
	10-21a
	Support using ED threshold given by gNB for UL to DL COT sharing
	1. Use ULtoDL-CO-SharingED-Threshold-r16 for Type 1 channel access for scheduled UL to share COT with gNB for DL
2. Use ULtoDL-CO-SharingED-Threshold-r16 for Type 1 channel access for CG-PUSCH to share COT with gNB for DL
3. Indicate in CG-UCI the COT sharing information
	10-1
	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 signalling

	10. NR-unlicensed
	10-21b
	Support UL to DL COT sharing
	1. Support Type 1 LBT for scheduled UL to share COT with gNB for DL without ULtoDL-CO-SharingED-Threshold-r16
2. Support Type 1 LBT for CG-PUSCH to share COT with gNB for DL without ULtoDL-CO-SharingED-Threshold-r16
3. Indicate in CG-UCI the COT sharing information
	10-1
	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

	10. NR-unlicensed
	10-24
	CG-UCI multiplexing with HARQ ACK
	1. Support multiplexing CG-UCI with HARQ ACK
	10-18

	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 signalling

	10. NR-unlicensed
	10-28
	Configured grant with Rel-16 enhanced resource configuration
	1. Support configuration of resources with cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16,
	One or both of {5-19, 5-20}
	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 signalling
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