[bookmark: OLE_LINK25][bookmark: OLE_LINK13][bookmark: OLE_LINK24][bookmark: OLE_LINK34][bookmark: OLE_LINK12][bookmark: OLE_LINK33]3GPP TSG RAN WG1 #110                                                R1-2205914                                                                     
Toulouse, France, August 22nd – 26th, 2022

Source:         ZTE
[bookmark: OLE_LINK2]Title:            Discussion on some remaining issues of Rel-17 UE features
Agenda item:    8.16.5
Document for:   Discussion and Decision
1. Introduction
Based on the discussion in previous meetings, an updated UE feature list has been endorsed for NR [1]. In this contribution, we provide our views on some remaining issues for Rel-17 NR UE features. 
2. UE feature for positioning
FG 27-3-3 PRS processing in PPW
In RAN1#109-e meeting, the following agreement was achieved for UE PRS processing capability in PPW. For PPW Type-1A and Type-1B, UE may report two types of capability signaling, i.e. (N, T) and (N2, T2).   
	Agreement
· For UE supporting Type-1A or Type-1B PRS processing window, UE may report (N, T) and (N2, N2) in the capability signalling
· The reported (N, T) in the capability signalling is similar to the legacy (N, T) in FG 13-1, which assumes to measure the N ms of PRS within a PPW but the processing of the measured PRS may be outside the PRS processing window.
· The reported (N2, T2) in the capability signalling assumes to measure and process the N2 ms of PRS only within the PRS processing window length (which covers the T2).
· Add the following Note to the corresponding FG in the UE feature spreadsheet
· Note: The (N2, T2) UE capabilities is interpreted such that the UE is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms
· For UE supporting Type-2 PRS processing window, UE may report (N, T) in the capability signalling similar to the legacy (N, T) in FG 13-1
· Assuming the UE to measure the PRS within the PRS processing window and but the processing of the measured PRS may be outside a PRS processing window.
· Note: when the processing time T exceeds the PPW length, other DL data channels/signals that are outside of the PPW but within the periodic T can be received by the UE.
· Discuss in the UE feature session the values {N, T} for all types.


Then, FG 27-3-3 as shown in Appendix was updated based on the agreement accordingly. However, it is still open whether either or both (N, T) and (N2, T2) should be reported. 
As shown in the agreement, capability signaling (N2, T2) is assumed to measure and process N2 ms of PRS only within the PPW. For example, if gNB configures a longer PPW in which PRS is located in the first N2 ms and the time duration between the last PRS symbol and the end of PPW is not smaller than T2 ms, the actual PRS processing time will be within the PPW. However, if gNB configures a shorter PPW and UE may not be able to completely process all N2 ms of PRS, the actual PRS processing time will be based on the reported capability signaling (N, T). In short, the real PRS processing time depends on the actual PRS and PPW configuration. Therefore, both capability signaling (N, T) and (N2, T2) are useful to let gNB and LMF know the UE capability in the both cases, i.e. shorter PPW and longer PPW and set an appropriate measurement report response time.  
Further, since PPW is configured by the serving gNB, and the PRS configuration may also be known by the serving gNB based on RAN3’s agreement in Rel-17, it is better to also report FG 27-3-3 to gNB, then gNB can get more information to efficiently decide PPW length and location.   
Proposal 1: For FG 27-3-3, both capability signaling (N, T) and (N2, T2) should be reported. 
[bookmark: OLE_LINK4]Proposal 2: FG 27-3-3 should also be reported to gNB. 

3. UE feature for FeMIMO
23-7-1c	Basic Features of CSI Enhancement for Multi-TRP – number of CPUs
In RAN1#109-e, the following agreement was achieved for occupied CPU for multi-TRP operation, but the candidate value(s) were still pending.

	23-7-1c
	Basic Features of CSI Enhancement for Multi-TRP – number of CPUs
	 Number of CPUs occupied by a pair of CMRs for NCJT CSI hypotheses
	23-7-1
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Component candidate values:  {2,3 [,4,5]}

Note: Maximum number of CPUs is reported in FG 2-35



In our views, the above is a compromise for loosing the restriction for UE implement (i.e., fixed to be 2 in the legacy spec). Then, we think that there is another candidate of ‘3’ which is sufficient for UE side on considering the additional efforts on calculating inter-TRP channel cross-correlation. In such case, we think that the other pending candidates of [4,5] should be removed.

Proposal 3: Regarding FG 23-7-1c, further introducing additional candidate(s) (i.e., [4, 5]) for ‘number of CPUs occupied by a pair of CMRs for NCJT CSI hypotheses’ is NOT supported. 

4. UE feature for parallel MsgA and other channels
In Rel-15, the parallel transmission between SRS and other channels, between PRACH and other channels, between MsgA and other channels for inter-band CA is conducted by the following UE capabilities respectively in TS 38.306.
	parallelTxSRS-PUCCH-PUSCH
Indicates whether the UE supports parallel transmission of SRS and PUCCH/ PUSCH across CCs in an inter-band CA band combination.
	BC
	No
	N/A
	N/A

	parallelTxPRACH-SRS-PUCCH-PUSCH
Indicates whether the UE supports parallel transmission of PRACH and SRS/PUCCH/PUSCH across CCs in an inter-band CA band combination.
	BC
	No
	N/A
	N/A

	parallelTxMsgA-SRS-PUCCH-PUSCH-r16
Indicates whether the UE supports parallel transmission of MsgA and SRS/ PUCCH/ PUSCH across CCs in an inter-band CA band combination. A UE supporting this feature shall also indicate support of parallelTxPRACH-SRS-PUCCH-PUSCH.
	BC
	No
	N/A
	N/A



In RAN1#109-e meeting, the following agreement was made to additionally consider parallel transmission between SRS and other channels, between PRACH and other channels for intra-band non-contiguous CA, which is a similar case of inter-band CA. The details of discussion can be found in [2]. 
	Agreement
Introduce feature groups X-1 and X-2 as described below.
· Introduce a new Rel-17 RRC parameter (UE-specific) to enable the UE behavior under X-2.         
NOTE: For parallel SRS + PUSCH/PUCCH (X-1), it is RAN1’s understanding that:
· The gNBs who do not support parallel Tx (i.e. who do not understand the new capability) will not indicate/configure/schedule simultaneous transmission, and therefore there are no backward compatibility issues.
· Rel-17 UE who reported capability of parallel Tx conducts parallel Tx if the gNB indicates/configures/schedules simultaneous transmission.  Therefore
· gNBs who do not support Rel-17 parallel Tx do not indicate/configure/schedule simultaneous transmission.
· gNBs who support Rel-17 parallel Tx can indicate/configure/schedule simultaneous transmission accordingly.



The above agreements have been reflected in the FG 39-1 and FG 39-2 for NR Rel-17 as shown below. In other words, the Rel-15 UE capability signaling ‘parallelTxSRS-PUCCH-PUSCH’ and ‘parallelTxPRACH-SRS-PUCCH-PUSCH’ are extended to support parallel transmission in intra-band non-contiguous CA case.
	39. TEI17
	39-1
	Parallel SRS and PUCCH/PUSCH transmission across CCs in intra-band non-contiguous CA
	Parallel SRS and PUCCH/PUSCH transmission across CCs in intra-band non-contiguous CA

	39. TEI17
	39-2
	Parallel PRACH and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Parallel PRACH and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA


However, although the Rel-16 UE capability parallelTxMsgA-SRS-PUCCH-PUSCH-r16 also follows the same logic that intra-band non-contiguous CA is a similar case as inter-band CA, this case hasn’t been extended to a new Rel-17 UE feature similar as FG 39-1 and 39-2.
The existing Rel-16 UE feature FG 9-3 for parallel transmission of MsgA and other channels for inter-band CA is shown as below.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	9. NR_2step_RACH

	9-3
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA with msgA in PCell/PScell
	4-26, 9-1
	parallelTxMsgA-SRS-PUCCH-PUSCH-r16
	CA-ParametersNR-v1610
	n/a
	n/a
	
	Optional with capability signalling


Following the same logic, it’s reasonable to also extend parallel transmission of MsgA and other channels from inter-band CA to intra-band non-contiguous CA. As for the specific solution, it can also follow the same handling method, i.e. introduce a new Rel-17 UE feature for parallel transmission of MsgA and other channels for intra-band non-contiguous CA. 
Proposal 4: Introduce a new Rel-17 UE feature FG 39-X for support of parallel transmission between MsgA and other channels in intra-band non-contiguous CA as described below:
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	9-3
	Yes
	n/a
	UE cannot transmit parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Per BC
	No
	Yes
	n/a
	This feature is the same as parallelTxMsgA-SRS-PUCCH-PUSCH-r16
, but for intra-band non-contiguous CA. 
	Optional with capability signaling



5. UE feature for RedCap
According to the WID [3] and agreement, UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs. However, it seems that whether to support the UE capabilities exceeding 1Tx/2Rx capability, were controversial in the discussion of UE feature agenda. 
Given the Rel-17 RedCap WID description, the maximum UL peak data rate for wearables is 50Mbps. Obviously, support of more than 1Tx is not necessary, since the peak data rate can be up to 90Mbps for 64QAM and 1 layer with SCS=15KHz according to the calculation. More Tx antennas bring more complexity and cost, which is not aligned with the motivation of the WI.  Moreover, for 1Rx RedCap UE, supporting more than 1 UL port seems to be impossible due to the physical circuit. 
Additionally, according to the RAN4 discussion [4] as following, actually 2Tx is excluded:
	Issue 1-1: Power class and TX architecture in FR1
· Proposals: 
·  Option 1: Agree below agreement from RAN4#101-bis-e 
Issue 1-1-1: 1 PC3 UL TX architecture assumption 
· WF
· For TX architecture of 23 dBm PA  
Issue 1-1-2: PC2 UL TX architecture assumption
· WF
· 1 TX of 26 dBm PA in Rel-17 and 2 TX architecture is excluded in Rel-17 
Issue 1-1-3: PC2 support for HD-FDD mode
· WF
· PC2 support based on operator request 
· Recommended WF
· Option 1
Discussion: 
Agreement: agree on Option 1.


Therefore, based on above, the FGs exceeding 1 Rx UE capability should not be supported, e.g., FG 2-13, 2-14, 2-16b . Therefore, we have the following proposal:
Proposal 5: For RedCap UE, UE capabilities exceeding 1Tx capability is not supported.
For those Rel-17 features, we also need to determine whether RedCap UE can support or not. At least eIAB and NR DC/CA further enhancements should not be supported according to the Rel-17 RedCap WID and agreement.  Regarding above-52GHz, from our perspective, it is premature to support this feature, since some of the FGs actually exceeds the RedCap UE capability, e.g., SCS for DL control channel. For Rel-17 feMIMO, at least the FGs exceeding RedCap UE capability should be excluded, e.g., 23-1-1c, 23-1-1e, 23-1-1f, 23-1-1g, 23-8-3, 23-8-9, 23-9-3.  As for the MBS, it seems be problematic to use separate initial DL BWP without SSB for RedCap UE. And this feature should be discussed with high priority.
Proposal 6: For RedCap UE, we have the following proposals related to other Rel-17 features, 
· eIAB and NR DC/CA further enhancements should be excluded.
· The features for above-52GHz and feMIMO are not supported.
· Discuss and decide with high priority whether MBS should be supported.

6. UE feature for NB-IoT 16QAM
According to the RAN4 LS [5] reply for 16-QAM, for the uplink 16-QAM, it is recommended as ‘per band’
	RAN4 recommends that FG1-1 (downlink 16-QAM) can be “per UE” and FG1-2 (uplink 16-QAM )“per band”.


However, in RAN1, the previous agreement is that the FG1-2 is ‘per UE’
	Agreement
· The type for the Rel-17 features (i.e., FGs 1-1/1-2/1-3/1-4) is “Per UE” from RAN1 perspective. 
· It is RAN1’s view that it shall be possible for the UE to report support of the above features for TN, while not supporting them for NTN (and vice-versa). The details of this report are up to RAN2. 
· Send an LS to RAN4 to ask whether 1-1/1-2 should be “per band”


Therefore, based on the LS reply, we think RAN1 should modify the corresponding agreement and have the following proposal:
Proposal 7: RAN1 need to change FG1-2 ‘per UE’ as ‘per band’
7. UE feature for NR above 52.6GHz
New FGs: Multiple PDSCH/PUSCH scheduling by single DCI
In RAN1 #108-e meeting, the extending multiple PDSCH/PUSCH scheduled by single DCI to other SCSs has been captured in the note of the following agreement [6]. Currently, the multiple PDSCH/PUSCH scheduled by single DCI are only applicable for 120/480/960 kHz in FR2-2 and 120 kHz in FR2-1.
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	 24. NR_ext_to_71GHz
	24-1d
	Multiple PDSCH scheduling by single DCI for 120kHz in FR2-2
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements [for both type 1 and type 2 HARQ codebook] for supporting multi-PDSCH scheduling with singe DCI
	24-1
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR2-2
	Per band
	N/A
	N/A
	N/A
	FFS: to extend this FG to other frequency ranges 
	Optional with capability signalling


	 24. NR_ext_to_71GHz
	24-1f
	Multiple PDSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PDSCH scheduling by single DCI for the operation with 120 kHz SCS
2. HARQ enhancements [for both type 1 and type 2 HARQ codebook] for supporting multi-PDSCH scheduling with singe DCI
	
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 120kHz is not supported in FR2-1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



· Continue discussion on extending 24-1f to other SCSs
Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	 24. NR_ext_to_71GHz
	24-1e
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-2
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS
	24-1a
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-2
	Per band
	N/A
	N/A
	N/A
	FFS: to extend this FG to other frequency ranges

	Optional with capability signalling

	 24. NR_ext_to_71GHz
	24-1g
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS with non-contiguous allocation 
	
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


· Continue discussion on extending 24-1g to other SCSs 
In RAN1 #109-e meeting, extending multiple PDSCH/PUSCH scheduling by single DCI to 60 kHz in FR2-2 and 15/30/60 kHz in FR1 was discussed and the possible proposal is as follows. However, it was unfortunate that no consensus was reached on this feature within the last limited time. In this meeting, it is necessary to further discuss applicability of this feature and agree extending it to other SCSs (e.g., 60 kHz in FR2-2 and 15/30/60 kHz in FR1) considering that it is band-agnostic and beneficial to degrade the overhead of DCI signalling. Given that, we recommend extending the applicability of this feature to 60 kHz in FR2-2 and 15/30/60 kHz in FR1 and no differentiation licensed and unlicensed spectrum. 
Proposal 8: It is recommended to extend the applicability of multiple PDSCH/PUSCH scheduling by single DCI to 60 kHz in FR2-2 and 15/30/60 kHz in FR1.
Proposal 9: Adopt the following new FGs on multiple PDSCH/PUSCH scheduling by single DCI:
	24. NR_ext_to_71GHz
	24-1h
	Multiple PDSCH scheduling by single DCI for 60kHz in FR2-1 
	1. Multi-PDSCH scheduling by single DCI for the operation with 60 kHz SCSs in FR2-1
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 15/30/60kHz is not supported in FR2-1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-1i
	Multiple PDSCH scheduling by single DCI for for 15/30/60kHz in FR1
	1. Multi-PDSCH scheduling by single DCI for the operation with 15/30/60 kHz SCSs in FR1
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 15/30/60kHz is not supported in FR1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-1j
	Multiple PUSCH scheduling by single DCI for 60kHz in FR2-1 
	1. Multi-PUSCH scheduling by single DCI for the operation with 60 kHz SCSs with non-contiguous allocation in FR2-1
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 15/30/60kHz is not supported in FR2-1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-1k
	Multiple PUSCH scheduling  by single DCI for 15/30/60kHz in FR1
	1. Multi-PUSCH scheduling by single DCI for the operation with 15/30/60 kHz SCSs with non-contiguous allocation in FR1
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 15/30/60kHz is not supported in FR1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


FG 24-11 CA parameters for multi-slot PDCCH monitoring
The UE capability parameters for carrier aggregation were discussed in RAN1#109-e meeting and the following agreement was achieved. 
	Agreement 
· For the UE capability parameters for carrier aggregation according to Cases 4,5,6,7 agreed in RAN1#108e, support the following value ranges:
· Case 4: Capability on the number of CCs with Rel-17 monitoring capability only
· Range of pdcch-BlindDetectionCA-R17: {[2 or 4], …, 16}
· Case 5: Capability on the number of CCs with Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {[3 or 4], …, 16}
· Case 6: Capability on the number of CCs with Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R16: {1, 2, …, 15} 
· Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {[2 or 3], …, 16}
· Case 7: Capability on the number of CCs with Rel-15 monitoring capability, Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {[3 or 4], …, 16}


As we can see, the value range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17 are still enclosed in square brackets. From a network perspective, we still prefer to set the same minimum number of CCs as Rel-15 for scheduling flexibility.
Proposal 10: Prefer the following value ranges of UE capability parameters for carrier aggregation according to Cases 4,5,6,7 and update the number of CCs for FG 24-11a, FG 24-11c, FG 24-11d and FG 24-11e accordingly.
· Case 4: Capability on the number of CCs with Rel-17 monitoring capability only
· Range of pdcch-BlindDetectionCA-R17: {4, …, 16}
· Case 5: Capability on the number of CCs with Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {4, …, 16}
· Case 6: Capability on the number of CCs with Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R16: {1, 2, …, 15} 
· Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {3, …, 16}
· Case 7: Capability on the number of CCs with Rel-15 monitoring capability, Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {4, …, 16}
The case of NR-DC operation considering different combinations of Rel-17 (per-slot group) monitoring, Rel-15 (per-slot) monitoring, and Rel-16 (per-span) monitoring within different cell groups has been agreed and captured in TS 38.213. Therefore, we suggest to add FG 24-22f, FG 24-22g, FG 24-22h and FG 24-22i into the UE feature list. Moreover, similar as Rel-16, those FGs should be defined based on the granularity of per BC.
Proposal 11: Add FG 24-11f, FG 24-11g, FG 24-11h and FG 24-11i into the UE feature list as follows:
	24. NR_ext_to_71GHz
	24-11f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells
	Supported combination of (pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11g
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11h
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11i
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel.17 , Rel.16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel.17 , Rel.16 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC



8. Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss some remaining issues for Rel-17 NR UE features, the following proposals are suggested. 
For NR positioning:
Proposal 1: For FG 27-3-3, both capability signaling (N, T) and (N2, T2) should be reported. 
Proposal 2: FG 27-3-3 should also be reported to gNB. 

For FeMIMO
Proposal 3: Regarding FG 23-7-1c, further introducing additional candidate(s) (i.e., [4, 5]) for ‘number of CPUs occupied by a pair of CMRs for NCJT CSI hypotheses’ is NOT supported.

For 2-step RACH
Proposal 4: Introduce a new Rel-17 UE feature FG 39-X for support of parallel transmission between MsgA and other channels in intra-band non-contiguous CA as described below:
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	9-3
	Yes
	n/a
	UE cannot transmit parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Per BC
	No
	Yes
	n/a
	This feature is the same as parallelTxMsgA-SRS-PUCCH-PUSCH-r16
, but for intra-band non-contiguous CA. 
	Optional with capability signaling

	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	9-3
	Yes
	n/a
	UE cannot transmit parallel MsgA and SRS/PUCCH/PUSCH transmissions across CCs in intra-band non-contiguous CA
	Per BC
	No
	Yes
	n/a
	This feature is the same as parallelTxMsgA-SRS-PUCCH-PUSCH-r16
, but for intra-band non-contiguous CA. 
	Optional with capability signaling



For RedCap
Proposal 5: For RedCap UE, UE capabilities exceeding 1Tx capability is not supported.
For those Rel-17 features, we also need to determine whether RedCap UE can support or not. At least eIAB and NR DC/CA further enhancements should not be supported according to the Rel-17 RedCap WID and agreement.  Regarding above-52GHz, from our perspective, it is premature to support this feature, since some of the FGs actually exceeds the RedCap UE capability, e.g., SCS for DL control channel. For Rel-17 feMIMO, at least the FGs exceeding RedCap UE capability should be excluded, e.g., 23-1-1c, 23-1-1e, 23-1-1f, 23-1-1g, 23-8-3, 23-8-9, 23-9-3.  As for the MBS, it seems be problematic to use separate initial DL BWP without SSB for RedCap UE. And this feature should be discussed with high priority.
Proposal 6: For RedCap UE, we have the following proposals related to other Rel-17 features, 
· eIAB and NR DC/CA further enhancements should be excluded.
· The features for above-52GHz and feMIMO are not supported.
· Discuss and decide with high priority whether MBS should be supported.

For NB-IoT 16QAM
Proposal 7: RAN1 need to change FG1-2 ‘per UE’ as ‘per band’

For NR above 52.6GHz
Proposal 8: It is recommended to extend the applicability of multiple PDSCH/PUSCH scheduling by single DCI to 60 kHz in FR2-2 and 15/30/60 kHz in FR1.
Proposal 9: Adopt the following new FGs on multiple PDSCH/PUSCH scheduling by single DCI:
	24. NR_ext_to_71GHz
	24-1h
	Multiple PDSCH scheduling by single DCI for 60kHz in FR2-1 
	1. Multi-PDSCH scheduling by single DCI for the operation with 60 kHz SCSs in FR2-1
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 15/30/60kHz is not supported in FR2-1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-1i
	Multiple PDSCH scheduling by single DCI for for 15/30/60kHz in FR1
	1. Multi-PDSCH scheduling by single DCI for the operation with 15/30/60 kHz SCSs in FR1
2. HARQ enhancements for both type 1 and type 2 HARQ codebook for supporting multi-PDSCH scheduling with singe DCI
	Yes
	N/A
	Multiple PDSCH scheduling by single DCI for 15/30/60kHz is not supported in FR1
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


	24. NR_ext_to_71GHz
	24-1j
	Multiple PUSCH scheduling by single DCI for 60kHz in FR2-1 
	1. Multi-PUSCH scheduling by single DCI for the operation with 60 kHz SCSs with non-contiguous allocation in FR2-1
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 15/30/60kHz is not supported in FR2-1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling

	24. NR_ext_to_71GHz
	24-1k
	Multiple PUSCH scheduling  by single DCI for 15/30/60kHz in FR1
	1. Multi-PUSCH scheduling by single DCI for the operation with 15/30/60 kHz SCSs with non-contiguous allocation in FR1
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 15/30/60kHz is not supported in FR1 with non-contiguous allocation
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling


Proposal 10: Prefer the following value ranges of UE capability parameters for carrier aggregation according to Cases 4,5,6,7 and update the number of CCs for FG 24-11a, FG 24-11c, FG 24-11d and FG 24-11e accordingly.
· Case 4: Capability on the number of CCs with Rel-17 monitoring capability only
· Range of pdcch-BlindDetectionCA-R17: {4, …, 16}
· Case 5: Capability on the number of CCs with Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {4, …, 16}
· Case 6: Capability on the number of CCs with Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R16: {1, 2, …, 15} 
· Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {3, …, 16}
· Case 7: Capability on the number of CCs with Rel-15 monitoring capability, Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15: {1, 2, …, 15}
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {4, …, 16}
Proposal 11: Add FG 24-11f, FG 24-11g, FG 24-11h and FG 24-11i into the UE feature list as follows:
	24. NR_ext_to_71GHz
	24-11f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells
	Supported combination of (pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs for MCG and for SCG when configured for NR-DC operation with Rel-17 PDCCH monitoring capability on all the serving cells is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11g
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11h
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 17 and Rel. 16 PDCCH monitoring capabilities on different carriers is not supported
	Per BC

	24. NR_ext_to_71GHz
	24-11i
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel.17 , Rel.16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r17, pdcch-BlindDetectionSCG-UE-r17)
	24-4 or 24-5
	Yes
	N/A
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel.17 , Rel.16 and Rel. 15 PDCCH monitoring capabilities on different carriers is not supported
	Per BC
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	27-3-3
	DL PRS Processing Capability outside MG - buffering capability
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2a. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

2b. Duration of DL PRS symbols N2 in units of ms a UE can process inT2 ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot under it
	27-3-2
	No
	
	DL PRS measurement outside MG and in a PRS processing window is not supported
	Per band
	n/a
	n/a
	n/a
	  Component 1 candidate values: {Type 1, Type 2}

Component 2a candidate values:
a) T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


Candidate 2b component values:
a)	N2: {0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 12} ms
b)	T2: {4, 5, 6, 8} ms

Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Need for location server to know if the feature is supported

Note 1:The (N, T) UE capabilities are interpreted as legacy (N, T) in FG 13-1, and the UE is expected to receive the PRS within the PRS processing window and but the processing of the received PRS may be outside a PRS processing window.
 
The (N2, T2) UE capabilities are interpreted such that the UE is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms
 
[Note 3: UE shall support either or both of component 2a and component 2b]

Note 4: A UE shall declare PRS processing capabilities of each of the supported Type-1A, Type-1B, Type-2” capabilities in case it supports multiple types in a band

A UE that supports FG 27-3-2 must indicate this FG is supported
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