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1 [bookmark: _Ref5850594]Introduction
In this contribution, we further discuss our views on UE features for eRedCap, XR, CovEnh, dedicated spectrum less than 5MHz, eDSS, and endorsed TEI. 

2 UE features for eRedCap

Based on agreement made in RAN1 #115 on Rel-18 eRedcap UE features, proposals on settling remaining issues and adding new components for Rel-18 eRedCap are provided in Table 1 by using color coding, where red texts are newly added/modified on top of what was agreed in RAN1 #115.

Proposal 1: adopt UE features for Rel-18 eRedCap provided in Table 1. 

[bookmark: _Ref134697442]Table 1: Potential UE features for Rel-18 eRedCap
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	48. NR_redcap_enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP

The following components are new compared to supportOfRedCap-r17 (28-1):
11. DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 3.2
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
13. Relaxed processing timeline of 1/0.5 ms for 15/30 kHz SCS when the RAR PDSCH and MsgB PDSCH (if supported) is larger than 25/12 PRBs for 15/30 kHz SCS
14. Network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs
15. Maximum number of Msg4 PDSCH PRBs, which is scheduled by DCI scrambled by a TC-RNTI, that can be [decoded/scheduled] and maximum number of Msg 3 PUSCH PRBs and Msg A PUSCH PRBs (if supported), which is scheduled by RAR UL grant or by a DCI scrambled by a TC-RNTI, or is configured for a Type-2 random access procedure,  that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
FFS whether to add additional components
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	A UE supporting this FG is not required to support FG 6-1.
A UE supporting this FG is not allowed to support FG 28-1.
The specifications for a UE supporting FG 28-1 (‘RedCap UE’) also apply for a UE supporting this FG (FG 48-1) unless stated otherwise.
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A.
It is up to RAN2 whether/how to capture the capabilities for additional separate early indication of Rel-18 eRedCap UE in Msg 3 and Msg A PUSCH.
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).

	48. NR_redcap_enh
	48-2
	RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	Component 13 in FG 48-1 is supported by FG 48-2 during initial access.

The capabilities of FG 48-2 are the same as for FG 48-1 with following exceptionsexcept that the following restriction does not apply:

12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS

Component 11 in FG 48-1 does not apply for FG 48-2, and instead FG 48-2 has DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 0.75 when vLayers = 1 and vLayers·Qm·f = 0.8 when vLayers = 2
Component 12 in FG 48-1 does not apply for FG 48-2.
Component 13 in FG 48-1 is supported by FG 48-2 only for CBRA.
	48-1
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	
	Optional with capability signaling

	48. NR_redcap_enh
	48-3a
	Support MBS for RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	1.Support broadcast MCCH/MTCH for eRedcap UE in RRC_IDLE/RRC_INACTIVE/RRC_CONNECTED states
2. Support multicast MTCH in RRC_CONNECTED state with the number of PRBs scheduled in DCI is not larger than 25/15 PRBs for 15/30 kHz SCS (irrespective of whether HARQ feedback is enabled or disabled).
[3. Support multicast MCCH/MTCH in RRC_INACTIVE state]

	
	Yes
	
	
	Per band
	N/A
	FR1 only
	
	
	Optional with capability signaling

	48. NR_redcap_enh
	48-3b
	Support simultaneous reception of a MBS PDSCH and a unicast PDSCH for RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	1. Support simultaneous reception of a broadcast MCCH/MTCH and a unicast PDSCH with the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.
2. Support simultaneous reception of a multicast MCCH/MTCH (with up to modulation order X and Y MIMO layers) with a unicast PDSCH with the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.
	
	Yes
	
	
	Per band
	N/A
	FR1 only
	
	Candidate values for component 2:
X = {64QAM, 256QAM, 1024QAM} 
Y = {1, 2}
	Optional with capability signaling

	48. NR_redcap_enh
	48-4a
	Support MBS for RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	1.Support broadcast MCCH/MTCH for eRedcap UE in RRC_IDLE/RRC_INACTIVE/RRC_CONNECTED states
2. Support multicast MTCH in RRC_CONNECTED state
[3. Support multicast MCCH/MTCH in RRC_INACTIVE state]

	
	Yes
	
	
	Per band
	N/A
	FR1 only
	
	
	Optional with capability signaling

	48. NR_redcap_enh
	48-4b
	Support simultaneous reception of a MBS PDSCH and a unicast PDSCH for RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	1. Support simultaneous reception of a broadcast MCCH/MTCH and a unicast PDSCH with sum data rate of the two PDSCHs <= 10Mbps
2. Support simultaneous reception of a multicast MCCH/MTCH (with up to modulation order X and Y MIMO layers) with a unicast PDSCH with sum data rate of the two PDSCHs <= 10Mbps
	
	Yes
	
	
	Per band
	N/A
	FR1 only
	
	Candidate values for component 2:
X = {64QAM, 256QAM, 1024QAM} 
Y = {1, 2}
	Optional with capability signaling




3 UE features for dedicated spectrum less than 5MHz

As defined in TS 38.101-1, there are two different sizes of transmission bandwidth for 3MHz channel bandwidth, corresponding to 12PRBs at GSCN41637 and 15PRBs at other GSCNs in Table 5.4.3.3-2. 
According to the following RAN1 agreement, only kssb =0 will be used for 12PRB CORSET0 in FG 51-2. However, if 15PRB transmission bandwidth is configured, kssb for SSB cannot be 0, which means 12PRB CORESET0 in FG 51-2 cannot be configured for 15PRB transmission bandwidth. 

Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, [kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs]
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, at least PRB offset = 0, [2] 2 are supported
· FFS if offset = 1, 3 are supported.
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.


Therefore, 12PRB CORESET0 in FG51-2 can only be configured for the SSB located in GSCN41637 with 12PRB transmission bandwith, but not be able to configured for that of other GSCNs with 15PRB transmission bandwidth as defined in TS38.101-1.

Table 5.4.3.1-2: GSCN parameters for the global frequency for 3 MHz channel bandwidth
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 1000
	N * 600 kHz + M * 50 kHz + 300 kHz,
N = 1:1665, M ϵ {1,3,5} (Note 1)
	26638+3N + (M-3)/2
	26640 – 31634

	NOTE 1:	Only applicable for 15 PRB DCH transmission within 3 MHz channel bandwidth with punctured PBCH defined in TS 38.211 [6] clause 7.4.3.1.



Table 5.4.3.1-3: Additional GSCN parameters for band n100
	SS Block frequency position SSREF
(MHz)
	GSCN
	Note

	920.73
	41637
	Only applicable for 12 PRB transmission bandwidth configuration within 3 MHz channel with punctured PBCH defined in TS 38.211 [6] clause 7.4.3.1.

	921.45
	41638
	Only applicable for 20 PRB transmission bandwidth configuration within 5 MHz channel with unpunctured PBCH defined in TS 38.211 [6] clause 7.4.3.1.


 


Therefore, we suggest adding a note that FG51-2 is applicable when SSB is located in band n100 at GSCN41637 only and the reporting type is ‘per UE’ instead of ‘per Band’.

Proposal 2: Introduce the following modification of the FG51-2:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Support for 3 MHz channel bandwidth
	1) Reception of 12 PRB PBCH based on RB-level puncturing
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 15 PRB CORESET0
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18

Note: The UE supporting this FG supports configuration of 15 PRB BWP operation
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-2
	Support 12 PRB CORESET0
	1) Reception of 12 PRB CORESET0
	51-1
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 12 PRB CORESET0
	Per BandUE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41637 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 12 PRB BWP operation
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-3
	Support 5 MHz channel bandwidth with 20 PRB CORESET0
	1) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2) Reception of 20 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 5 MHz channel bandwidth with 20 PRB CORESET0
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

Note: The UE supporting this FG supports configuration of 20 PRB BWP operation
	Optional with capability signalling



4 UE features for Further Coverage Enhancements
In the previous RAN1 meeting the following FG was introduced to address the support of DWS when UE is configured for intra-band CA. 
	Agreement
· Introduce following FG for intra-band CA for DWS
	54. NR_cov_enh2
	54-3b
	Dynamic waveform switching for intra-band UL CA
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3] for intra-band UL CA [with up to X CCs in the band].
	54-3
	Yes
	
	
	Per band
	N/A
	N/A
	N/A
	[Candidate value for X {FFS}]
	Optional with capability signaling.







For intra-band CA with DWS, UE needs to be prepared for different combinations of waveforms to be transmitted using the same PA. The number of such combinations grows rapidly as the number of carriers on the same band grows. For example, with 4 carriers, a total of 16 different combinations are possible. Since the number of cases grows exponentially in the number of CCs within a band, it is useful for the UE to indicate support for up to a certain number of CCs. 
Proposal 3: For intra-band uplink CA, allow a UE to indicate the maximum number of CCs (within the band) for which it can support DWS. The candidate values can be 2,4, and 8.

5 UE features for TEI Proposals

HARQ Multiplexing on PUSCH for PDSCH Scheduled After UL Grant

To accommodate extension of this feature to DL-CA cases, we suggest that the capabilities 55-4a to 55-4e be signalled per band and per band combination with the understanding that the per band combination signaling will be applicable to the CA scenarios.

Proposal 4: To extend the applicability of this feature to CA scenarios, signal the capabilities 55-4a to 55-4e per band and per band combination with the understanding that the per band combination signaling will be applicable to the CA scenarios.
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