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1. [bookmark: _Toc120549591]Introduction
This contribution discusses the remaining issues about RAN1 UE features associated with the Rel-17 RedCap WI. according to the feature lead summary[1], there are still some FFS for FG28-1 and FG28-1a related features. In this contribution, we provide our consideration on components that should be added to the UE features, and proposals are given.
2. Discussion on UE features for RedCap
In this section, we will discuss features related FG28-1 and FG28-1a.
Discussion on FG28-1 components
The following agreement about FG28-1 was made during RAN1#109e[2].
Agreement
· Following components are added in FG 28-1
· 1 UE-specific RRC configured DL BWP per carrier
· 1 UE-specific RRC configured UL BWP per carrier
· RRC reconfiguration of any parameters related to BWP
· [RRC-configured DL BWP with CD-SSB or NCD-SSB]
· NCD-SSB based measurements in RRC-configured DL BWP
· Add a note in FG 28-1: A UE supporting this FG is not required to support FG 6-1
· Add an FG for RRC-configured DL BWP without CD-SSB or NCD-SSB for RedCap
28. NR_redcap
28-1a
RRC-configured DL BWP without CD-SSB or NCD-SSB
RRC-configured DL BWP without CD-SSB or NCD-SSB
FFS whether to add additional components
28-1
Yes


Per band
N/A
N/A


Optional with capability signaling

Agreement
· Component 9 in FG 28-1 is updated as: [UE-specific RRC- configured DL BWP with CD-SSB or NCD-SSB]


The components of FG 28-1 combined with previous meeting are copied below (only the first 4 columns of UE feature table are listed).
	Features
	Index
	Feature group
	Components

	 28. NR_redcap
	28-1
	RedCap UE
	1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 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
- FFS: 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
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



It can be seen that there is still one FFS for component 5. Although it was discussed during RAN1#109e, no conclusion was made since some remaining issues about BWP#0 configuration option 1 were not settled down. And now with the following agreements made for the BWP#0 configuration option1 during RAN1#109e, the FFS for component 5 is clear.
Agreement
· For FR1, for BWP#0 configuration option 1,
· In connected mode, a RedCap UE supporting FG 28-1 but not FG 28-1a does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· In connected mode, a RedCap UE supporting both FG 28-1 and FG 28-1a is able to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· In connected mode, a RedCap UE supporting FG 28-1 but not FG 28-1a does not expect to operate in a separate initial DL BWP that does not include CD-SSB.
· In connected mode, a RedCap UE supporting both FG 28-1 and FG 28-1a is able to operate in a separate initial DL BWP that does not include CD-SSB.



There are three cases for paging reception on separate initial DL BWP,
· Case 1: Separate initial DL BWP in idle/inactive mode. For this case, if it is configured for paging, CD-SSB is included.
· Case 2: Separate initial DL BWP with BWP#0 configuration option 1 in connected mode, paging can only be configured if it contains CD-SSB (and CORESET#0 for FR1).
· Case 3: Separate initial DL BWP with BWP#0 configuration option 2 in connected mode, if is configured for paging, CD-SSB/NCD-SSB is included for UE supporting mandatory FG 6-1(28-1) but not optional FG 6-1a(28-1a). 
The reference agreements is copied as following. Case 1 and Case 2 are related to the FFS of component 5. According to TS38.331 B.2, BWP#0 configuration option 2 is considered as RRC-configured BWP, case 3 above is related to component 9 “UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB”.
Agreement
· For BWP#0 configuration option 1,
· For FR1,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB and the entire CORESET#0.
· For FR2,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB.
· Note: For BWP#0 configuration option 2,
· For FR1,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB
· For FR2,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB


So both case 1 and case 2 need to be reflected by the FFS, and considering that BWP#0 configuration option 1 is a concept of connected mode, we prefer to modify the FFS to the following,
· Separate initial DL BWP for RedCap UEs
· It includes CSS/CORESET for random access
· For separate initial DL BWP used for paging in idle/inactive mode or in connected mode as BWP#0 configuration option 1, CD-SSB is included.
· For separate initial DL BWP only used for RACH, SSB may or may not be included.
Proposal 1: Modify the “FFS: For separate initial DL BWP used for paging, CD-SSB is included” part of separate initial DL BWP component of FG 28-1 to the following，
· FFS: For separate initial DL BWP used for paging in idle/inactive mode or in connected mode as BWP#0 configuration option 1, CD-SSB is included.
And for the new agreements made during RAN1#109e for the BWP#0 configuration option 1, a new case 4 is introduced,
· Case 4: Separate initial DL BWP with BWP#0 configuration option 1 in connected mode, a RedCap UE supporting FG 28-1 but not FG 28-1a does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0
A new sub-bullet for component 5 can be added to reflect basic RedCap UE behaviour of case 4.
· Separate initial DL BWP for RedCap UEs
· It includes CSS/CORESET for random access
· For separate initial DL BWP used for paging in idle/inactive mode or in connected mode as BWP#0 configuration option 1, 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 in connected mode as BWP#0 configuration option 1, CD-SSB is included.
Proposal 2: Add a new sub-bullet to separate initial DL BWP component of FG 28-1 as following，
· For separate initial DL BWP in connected mode as BWP#0 configuration option 1, CD-SSB is included.
 
Discussion on FG28-1a components
Currently, the component of FG28-1a is as following (only the first 4 columns of the feature table is copied).
	28. NR_redcap
	28-1a
	RRC-configured DL BWP without CD-SSB or NCD-SSB
	RRC-configured DL BWP without CD-SSB or NCD-SSB
FFS whether to add additional components


Similarly as FG28-1 component 10, the measurement related behavior also needs to be reflected in the component.
The related agreement can be find in RAN1#108e as the following and RAN4 conclusion.
Agreement (RAN1#108e)
Replace the working assumption from RAN1#107e “Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities” with the following agreement:
For FR1,
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on [FG 6-1a] with supporting CSI-RS, or [FG 6-1a]without supporting CSI-RS.
For FR2,
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on [FG 6-1a] with supporting CSI-RS, or [FG 6-1a] without supporting CSI-RS.
Note: The cases that CSI-RS in this agreement can support are left to RAN4



[bookmark: _GoBack]Conclusion (RAN4#101b)
For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement, but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
· For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17. 


Based on the above agreements, when UE support optionally capability, the relevant operation is based on [FG 6-1a] with supporting CSI-RS, or [FG 6-1a]without supporting CSI-RS. And according to the RAN4 conclusion, RedCap UE can perform RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS and L3 measurement based on CSI-RS with associated SSB if UE supports the corresponding capabilities. If the corresponding capabilities are not supported, UE may rely on re-tuning to CD-SSB for such measurement, which may be already supported as FG6-1a and can be UE behaviors based on implementation. So we propose to add the following components to FG28-1a,
· Measurement operation based on FG6-1a.
· RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
And the prerequisite feature group of this new feature can be FG 6-1a.
Proposal 3: Include the following components to FG28-1a,
· Measurement operation based on FG6-1a.
· RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
Proposal 4: The prerequisite feature groups of FG28-1a are FG28-1 and FG 6-1a.

Currently, the component of FG28-1a only mentions about RRC configured BWP. Except the RRC configured BWP, separated initial DL BWP without UE dedicated BWP configuration is also related to FG28-1a, as highlighted in the following agreements. 
Agreement
· For FR1, for BWP#0 configuration option 1,
· In connected mode, a RedCap UE supporting FG 28-1 but not FG 28-1a does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· In connected mode, a RedCap UE supporting both FG 28-1 and FG 28-1a is able to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· In connected mode, a RedCap UE supporting FG 28-1 but not FG 28-1a does not expect to operate in a separate initial DL BWP that does not include CD-SSB.
· In connected mode, a RedCap UE supporting both FG 28-1 and FG 28-1a is able to operate in a separate initial DL BWP that does not include CD-SSB.


Since the BWP#0 configuration option 1 is not belong to RRC configured BWP, one component about BWP#0 configuration option 1 without CD-SSB should be included to FG28-1a based on above agreements. The component can be as following,
· BWP#0 configuration option 1 without CD-SSB.
Proposal 5: Include the following component to FG28-1a,
· BWP#0 configuration option 1 without CD-SSB.
3. Conclusions
In this contribution, considerations on RedCap UE feature group 28-1 and 28-1a are discussed, the following proposals are made,
Proposal 1: Modify the “FFS: For separate initial DL BWP used for paging, CD-SSB is included” part of separate initial DL BWP component of FG 28-1 to the following，
· FFS: For separate initial DL BWP used for paging in idle/inactive mode or in connected mode as BWP#0 configuration option 1, CD-SSB is included.
Proposal 2: Add a new sub-bullet to separate initial DL BWP component of FG 28-1 as following，
· For separate initial DL BWP in connected mode as BWP#0 configuration option 1, CD-SSB is included.
Proposal 3: Include the following components to FG28-1a,
· Measurement operation based on FG6-1a.
· RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· CSI-RS based L3 measurement with associated SSB if UE reports the corresponding capability.
Proposal 4: The prerequisite feature group of FG28-1a is FG28-1 and FG 6-1a.
Proposal 5: Include the following component to FG28-1a,
· BWP#0 configuration option 1 without CD-SSB.
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