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In this contribution, we discuss the definition of UE feature groups for NR-U, and in particular whether it is needed to define basic FGs and whether some FGs could be extended for use in licensed bands. We also provide detailed comments on each FG definition and provide our views on the latest proposals from the moderator [1].
[bookmark: _Ref37346682][bookmark: OLE_LINK13][bookmark: OLE_LINK36]Discussion on basic feature group for NR-U
An informal discussion on the definition of basic feature groups during RAN#87-E is summarized in [2]:
· In case that a set of feature groups/components is necessary to be supported by UE (and NW) for a certain purpose, 
· There are at least two possible approaches below to define the set of feature groups for a purpose.
· Approach 1: A basic feature group(s), which is a set of components that are viewed necessary to provide a minimum level of support for the feature. Defining a basic feature group(s) is not always possible or necessary for a given feature. 
· Approach 2: A set(s) of feature groups necessary to be supported for the purpose is defined somewhere in specification(s).

For approach 1, the definition of a basic feature group applied to NR-U would mean that a FG is necessary for providing basic operation on an unlicensed band, i.e. for a UE reporting support of band n46. 

One should keep in mind that the NR-U work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.

It cannot be excluded that certain UEs may only support one of the above scenarios, e.g. Scenario A (licensed-assisted access) with DL-only. Therefore some UEs may not support uplink on unlicensed band. So any FG that only contains UL components should not be a basic feature group according to approach 1.

The discussion on UE feature groups for NR-U is considering defining basic feature groups for the following FGs associated with NR-U operation scenarios: 10-1, 10-1a, 10-2, 10-2a, 10-2b (see Table 1 below). Previously FGs 10-1 and 10-2 were only about UL capabilities, but in the latest version [2] DL components were added and certain DL components are repeated in several of those FGs, i.e. SSB RRM with Q in DMTC. This means approach 2 is taken as basis for the proposed definition of basic FGs in [2], as this is not consistent with approach 1. However it is unclear if there would be separate capability signaling for the components within FG 10-1 and 10-2, or if all components of FG 10-1 and 10-2 would also need to be individual FGs of their own.

Alternatively FG10-1a could be considered a prerequisite of FG10-1, and FG10-2a a prerequisite of FG10-2. The earlier version clearly separating the UL and DL components into different FGs allowed a UE to clearly report those capabilities separately for signaling support for various operation scenarios. With the latest grouping in [2], how would a UE signal support for scenario B with dual-connectivity? Would the UE have to support standalone DL and UL in order to support scenario B? If so, why should such constraint be introduced?

Table 1 – FGs considered as candidates basic FGs in [1]
	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

	10-1a
	UE DL only operation in shared spectrum under dynamic channel access mode
	1. SSB RRM with Q in DMTC

	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

	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

	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



For DL only operation with SCell in unlicensed band, there are now 2 FGs: one for LBE and one for FBE. If those 2 FGs (10-1a and 10-2a) are considered as basic FGs, then it is clear that it should not be expected that a UE has to report support for both FGs if the UE signals support for band n46. So again, FGs 10-1a and 10-2a as defined in [2] can only be considered as basic FGs according to approach 2 in [1]. If the minimum required for operation on band n46 is considered, according to the current list, it should be SSB RRM with Q in DMTC, and support for FBE comes with one additional capability (support fixed frame period of 5ms and 10ms).

Observation 1:
· According to the definition of basic feature group of approach 1 in RP-200502, only a FG10-1a with SSB RRM with Q in DMTC as a single component may qualify as a basic FG for NR-U.
· FGs 10-1, 10-1a, 10-2, 10-2a, 10-2b in R1-2001484 are defined according to the definition of basic feature group of approach 2 in RP-200502.

Proposal 1:
· RAN1 needs to clearly indicate whether separate capability signaling for each component is expected for FGs 10-1 and 10-2 in R1-2001484.
· RAN1 needs to clarify why certain components are included in multiple NR-U FGs in R1-2001484.

NR-U FGs extension to licensed bands
Rel-16 features for NR-U have been discussed and defined only in the context of operation in unlicensed spectrum. Contrary to other features which are usually defined in a band-agnostic manner, the network cannot assumed that a UE that supports a feature for unlicensed band also supports the feature for licensed band operation. Certain features developed for NR-U could potentially also bring benefits in licensed bands, but those should be discussed case by case.
Observation 2: Extending the applicability of a NR-U FG to licensed bands should be discussed case by case for each FG proposed to be extended to licensed bands. In the absence of consensus, the specifications should clearly say that the FG is only applicable for an unlicensed band, and the network cannot assume that a FG supported by a UE can be configured for operation on a licensed carrier.

The following FGs are currently marked as needing discussion for licensed user, or FFS for reporting “per band” or “per UE”:
Table 2 – FGs considered as candidates for support in licensed bands [1]
	Functionality
	FGs
	Need for licensed band operation

	PRB interlace mapping for PUSCH and PUCCH
	10-3	PRB interlace mapping for PUSCH
10-3a PRB interlace mapping for PUCCH format 0 and format 1
10-3b PRB interlace mapping for PUCCH format 2 
10-3c PRB interlace mapping for PUCCH format 3
	Per band
There is no clear benefit for a UE to support those features for licensed bands at the cost of extra complexity at the UE and with increased complexity for  multiplexing UEs with different uplink capabilities

	Type B PDSCH length
	10-8 Type B PDSCH length
14-2 PDSCH Type B mapping of length 9 and 10 OFDM symbols
	Per UE
FG10-8 and FG14-2 could be “per UE”. At least FG14-2 is applicable to licensed and unlicensed bands in FR1.

	Search space set group switching
	10-9	 Search space set group switching with explicit DCI 2_0 bit field trigger
10-9a Search space set group switching with implicit PDCCH decoding with DCI 2_0 monitoring
10-9	b Search space set group switching with implicit PDCCH decoding without DCI 2_0 monitoring
10-9	c Joint search space group switching across multiple cells
	Per band
It is unclear what benefit could be obtained for operation on a licensed carrier since the monitoring periodicity of PDCCH search spaces would generally not need to change frequently nor depend on implicit rules. 

	SRS starting position at any OFDM symbol in a slot
	10-11 SRS starting position at any OFDM symbol in a slot
	Per UE

	HARQ enhancements
	10-14 Non-numerical PDSCH to HARQ-ACK timing
10-15 Enhanced dynamic HARQ codebook
10-16 One-shot HARQ ACK feedback
10-16a One-shot HARQ ACK feedback trigger with empty DCI 1_1
	TBD Per band or Per UE
FGs 10-14/15/16/16a each offer their own trade-offs between overhead, latency and scheduling flexibility, so they should all be considered together to either be allowed for both licensed and unlicensed bands, or just for unlicensed bands.

	Multi-PUSCH UL grant
	10-17 Multi-PUSCH UL grant
	Per UE
This feature is beneficial for reducing control overhead on licensed bands. To avoid additional complexity, we suggest no further optimization for this feature in Rel-16, so it should be limited to time-consecutive PUSCHs even on licensed bands..

	CG with retransmission in CG resources
	10-18 Configured grant with retransmission in CG resources
10-24 CG-UCI multiplexing with HARQ ACK
10-28 Configured grant with Rel-16 enhanced resource configuration
	Per band
The flexibility was introduced considering potential LBT failure in unlicensed band. No strong motivation to have it in licensed band. CG in licensed band is usually for URLLC and multiplexing of CG-UCI in CG-PUSCH might cause reliability issue. It might not be compatible with CG in Rel-15/16 in licensed band because UE will assume ACK when no NDI toggle is detected. 

	Support search space set configuration with freqMonitorLocation-r16
	10-20 Support search space set configuration with freqMonitorLocation-r16
	Per band
The motivation of this feature is to save RRC signaling overhead and complexity to configure too many CORESETs when UE is expect to monitor PDCCH on multiple RB sets in case gNB may fail to transmit PDCCH on RB set where LBT fail. In licensed band, there is no LBT failure and UE can be configured with exact CORESET location in the BWP.

	Support coreset configuration with rb-Offset
	10-20a Support coreset configuration with rb-Offset
	Per band
The motivation of this feature is to increase usable CCE in a CORESET confined in fixed LBT bandwidth. In licensed band, there is no such restriction from LBT bandwidth. 



Proposal 2: The following FGs could be extended to licensed bands, i.e. reported “per UE”:
· 10-8 Type B PDSCH length
· 14-2 PDSCH Type B mapping of length 9 and 10 OFDM symbols
· 10-11 SRS starting position at any OFDM symbol in a slot
· 10-17 Multi-PUSCH UL grant

Discussion on specific feature groups for NR-U

Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
FG10-27 is kept as a separate FG for wideband PRACH (same as RB-interlaced PUSCH and PUCCH), so it is unclear why “Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0” was included as a component of FG10-1 and FG10-2. This functionality is for 2-step RACH, so it should be a separate FG because support of 2-step RACH is not a prerequisite for FG10-1 or FG10-2.

FG 10-9/9a/9b/9c (Search space set group switching)
FG10-9b (implicit switching without DCI 2_0 decoding) should be a prerequisite of 10-9/9a/9c.

FG 10-16a (One-shot HARQ ACK feedback trigger with empty DCI 1_1)
FG10-16 does not need to be a prerequisite for FG10-16a. Otherwise it would make more sense to merge the two FGs into a single FG.

FG 10-19 (Number of LBT bandwidth)
There is no need to have a separate L1 feature group of 10-19. It can be derived implicitly from the supported channel combinations. If the carrier bandwidth is larger than 20 MHz, the UE should be capable to perform LBT on all LBT bandwidths in the carrier. It is proposed to delete FG10-19.

FG10-19a (Support DL reception with subset of RB sets)
The component should be clarified, it should be about the basic behavior in support of the configuration of intra-cell guard band where the UE assumes there is no data mapped to the intra-cell guard (which may happen with a PDSCH scheduled by DCI format 1_0). Another component should be added to FG10-19a.

FG10-19b (Support UL transmission with subset of RB sets passing LBT)
Change “only” to “at least”, or delete “only” from the component description: 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.

FG10-19c (Support DL reception with subset of RB sets and support intra-cell guard bands)
We support removing the brackets of FG10-19c. 

FG 10-20 (Support search space set configuration with freqMonitorLocation-r16
FG10-20a and 10-19a should be prerequisites for FG10-20.

FG 10-22 (No gap 2-step RACH msgA transmission)
In 2-step RACH agenda item, a minimum gap is defined between msgA PRACH and msgA PUSCH for licensed operation, and no such decision is made for unlicensed operation.

Agreements:
· The minimum transmission gap between the end of msgA PRACH and the beginning of msgA PUSCH (guard time excluded) is no less than Ngap symbols, as specified in TS 38.213, i.e., 2 or 4 symbols depending on the SCS
· This is not applied for NR-U
· Note: This is aligned with Rel-15

This means that there is no agreement for NR-U of what should be the minimum gap between the end of msgA PRACH and the beginning of msgA PUSCH (guard time excluded), including no agreement to support no gap in NR-U. What values of gap can a UE be allowed to signal as a capability for NR-U? The default, as clarified in the agreement copied above, should be aligned with Rel-15.
In the moderator’s proposal, “FFS if RAN1 can disallow this in NR-U” in FG10-22 is incorrect and should be changed to “FFS if RAN1 can allow this in NR-U”.
	10-22
	No gap 2-step RACH msgA transmission
	Support transmitting PRACH and PUSCH of msgA without gap in between
FFS if RAN1 can disallow this in NR-U.



We think that the licensed band design is sufficient for 2-step RACH with NR-U, and allows reusing the same BS receiver implementation, which is the Rel-15 implementation. If a UE has to perform LBT between PRACH and PUSCH of msgA, then the UE will either pass LBT and be able to transmit msgA faster than by 4-step RACH even with a 2 or 4 symbols gap, or the UE will fail LBT which probably indicates that it would be better for the UE to choose another 20 MHz channel for initial access in unlicensed band because the current 20 MHz channel is already heavily congested since the UE would have passed on LBT and failed one LBT in a short interval. Therefore a NR-U UE can reuse the 2-step RACH FG to signal its capability and there is no need for a specified NR-U FG for 2-step RACH. 
[bookmark: _GoBack]Hence, “FFS if RAN1 can disallow this in NR-U” in FG10-22 is incorrect and should be changed to “FFS if RAN1 can allow this in NR-U”.
Proposal 3: No gap is not supported for NR-U and 10-22 (no gap 2-step RACH msgA transmission) should be deleted until further agreement.

FG10-25 (enable configured UL transmission out of COT)
It is not clear whether it is gNB acquired COT or UE acquired COT. 

FG10-31 (Support of CSI-RS measurements for CSI reporting and tracking without COT duration from DCI 2_0)
There is no agreement in Rel-16 for this UE behavior, so this FG requires more discussion and clarification first.

Conclusions
On the definition of basic Feature Groups for NR-U, the following observation and proposal are made:
Observation 1:
· According to the definition of basic feature group of approach 1 in RP-200502, only a FG10-1a with SSB RRM with Q in DMTC as a single component may qualify as a basic FG for NR-U.
· FGs 10-1, 10-1a, 10-2, 10-2a, 10-2b in R1-2001484 are defined according to the definition of basic feature group of approach 2 in RP-200502.

Proposal 1:
· RAN1 needs to clearly indicate whether separate capability signaling for each component is expected for FGs 10-1 and 10-2 in R1-2001484.
· RAN1 needs to clarify why certain components are included in multiple NR-U FGs in R1-2001484.

On NR-U FGs extension to licensed bands, extending the applicability of a NR-U FG to licensed bands should be discussed case by case for each FG proposed to be extended to licensed bands. In the absence of consensus, the specifications should clearly say that the FG is only applicable for an unlicensed band, and the network cannot assume that a FG supported by a UE can be configured for operation on a licensed carrier.
Proposal 2: The following FGs could be extended to licensed bands, i.e. reported “per UE”:
· 10-8 Type B PDSCH length
· 14-2 PDSCH Type B mapping of length 9 and 10 OFDM symbols
· 10-11 SRS starting position at any OFDM symbol in a slot
· 10-17 Multi-PUSCH UL grant

Section 4 contains a number of other proposals on the proposed FGs in R1-2001484.
In particular for 10-22 (no gap 2-step RACH msgA transmission), “FFS if RAN1 can disallow this in NR-U” in FG10-22 is incorrect and should be changed to “FFS if RAN1 can allow this in NR-U”
Proposal 3: No gap is not supported for NR-U and 10-22 (no gap 2-step RACH msgA transmission) should be deleted until further agreement.
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