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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
In RAN1#106bis-e meeting, some discussions on RAN2 LS in [1] were made. The LS from RAN2 informs about the following RAN2 agreements and asks RAN1 and RAN4 to provide feedback, if any, on the agreements.

	Agreements online @ RAN2#114-e:
1. RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE
2. We will have an email discussion until the next meeting to discuss which higher layer capabilities are not applicable for RedCap UEs (it could result in a draft 38.306 CR) and how to reflect the handling of RedCap specific capabilities (e.g. Maximum BW, Max Rx, MIMO-Layer, 256QAM, CA/DC, HD-FDD, etc)
3. The network needs to know if the UE is a RedCap UE or not in order to at least correctly identify the set of mandatory features (i.e. baseline capabilities) that the UE supports, including Handover case
4. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.
Agreements online @ RAN2#115-e:
1. Maximum 8 DRBs is mandatory supported by RedCap UEs.
2. From RAN2 perspective, inter RAT mobility related capabilities are applicable for RedCap UE;
3. From RAN2 perspective, measurement related capabilities are applicable for RedCap UE;
4. From RAN2 perspective, URLLC related capabilities are applicable for RedCap UE except those affected by CA/DC;
5. From RAN2 perspective, IAB related capabilities are not applicable for RedCap UE, i.e. the RedCap UE is not expected to act as IAB node;
6. Do not introduce capability signalling on the supported Rx number for RedCap UE since the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework;



In addition, RAN#93-e has made the following agreements [2]:
· In Rel-17, there will be no work on any RedCap specific specification update for any of the following:
· RedCap UEs also supporting V2X/PC5 on n47
· RedCap UEs operating in unlicensed bands
· RedCap UEs supporting SUL 
· The specification will not contain any explicit restriction to prevent implementation of RedCap UEs with these features.
· Note: The consequence of this agreement would be:
· If any spec change/addition is found necessary in order to enable one of the options above, then it will not happen in Rel-17.
In this contribution, we provide our views mainly on other L1 capabilities than above for RedCap UEs. 

2. Rel-15/16 L1 capabilities for RedCap Devices 
As a baseline, the existing UE capabilities framework is used to indicate the capabilities of RedCap UEs. Same as in legacy, the UE reports its radio access capabilities at least when the network requests the UE to do so. 
In the RAN2 #112-e meeting [3], following agreements related to the reduced capability signalling framework were made:
	Agreements:
· Following scenarios are considered when design the capability signaling for RedCap UE, but FFS on the details, e.g. what each category of features may include and on the applicability of the cases:
· For the features that are mandatory for non-Redcap UEs: 
· Case1: The Redcap UE mandatorily supports the feature with the same value;
· Case2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value);
· Case3: The Redcap UE optionally supports the feature;
· Case4: The Redcap UE does not support the feature at all.   
· For the features that are optional for non-Redcap UEs: 
· Case1: The Redcap UE does not support the feature at all.
· Case2: The Redcap UE supports the feature with different value;
· Case3: The Redcap UE supports the feature with the same value;
· Case4: The Redcap UE mandatorily supports the feature


Based on above listed cases, we present our views on the L1 capabilities for the RedCap UEs in the following. 
2.1. Rel-15/16 optional features
Firstly, for the features that are optional for non-Redcap UEs, based on RAN2 agreements in the LS, following capabilities are not applicable for RedCap UEs:
· More than [4 or 8] DRBs
· NE-DC and (NG)EN-DC
· DAPS and CAPC related capabilities
· IAB related capabilities
Therefore, FGs related to CA/DC such as FG2-56 SRS carrier switch, FG4-25 parallel SRS and PUCCH/PUSCH transmission across CCs in inter-band CA, FG4-26 parallel PRACH and SRS/PUCCH/PUSCH transmissions across CCs in inter-band CA and FG4-27 more than one group of overlapping channels for control multiplexing; FGs related to DAPS, CAPC, and IAB should not be supported by RedCap UE. In addition to those FGs, we think following optional FGs are not applicable for RedCap UEs:
· FG2-13 of PUSCH codebook coherency subset and FG2-14 of Codebook based PUSCH MIMO transmission can be excluded for RedCap as they are related to UL MIMO. 
· It is noted that in the whole SI phase, the antenna configurations used for RedCap UE for cost/complexity reduction is 1Tx for both FR1 and FR2 as captured in the TR 38.875, although the WID in [4] does not mention about the number of Tx assumption for the RedCap UE. 
· FG15-18 of support of rank 2 transmission that related to SL rank2 transmission can be excluded. 
· FG16-3a-3 and FG16-3b-2 of support of rank 3,4 are for DL MIMO rank3/4, those FGs can be excluded for RedCap.
Proposal 1: following FGs that optional for non-RedCap UEs are not applicable for RedCap UEs.
· FGs related to UL MIMO: FG2-13 and FG2-14; FG15-18.
· FGs related to DL MIMO rank3/4: FG16-3a-3 and FG16-3b-2

For the features that are optional for non-Redcap UEs, given the low power consumption is one general requirement for RedCap UEs, we suggest first discussing following Rel-16 UE power saving features and conclude whether they are mandatory for RedCap UEs. For Rel-17 power saving features, whether they are mandatory for RedCap UEs can be discussed later until the Rel-17 UE power saving FGs becomes stable. 
Rel-16 power saving FGs in RAN1
· FG19-1 DRX Adaptation 
· FG 19-2 Cross Slot Scheduling
· FG 19-4a UE assistance information
Rel-16 power saving FGs in RAN2
· FG 19-1 UE assistance information for power saving – DRX preference
· FG 19-2 UE assistance information for power saving – Maximum aggregated bandwidth preference
· FG 19-5 UE assistance information for power saving – preference to transition out of RRC_CONNECTED
· FG 19-6 Relaxed measurement
Proposal 2: RAN1 discuss whether following Rel-16 power saving FGs should be mandatory for RedCap UEs and ask RAN2 to discuss whether some Rel-16 power saving FGs defined in RAN2 should be mandatory for RedCap UEs.
· FG19-1 DRX Adaptation 
· FG 19-2 Cross Slot Scheduling
· FG 19-4a UE assistance information
2.2. Rel-15/16 mandatory features
Next, for some features that are mandatory for non-RedCap UEs, we discuss the applicability for the RedCap UEs for the following cases:
· Case 1: The Redcap UE does not support the feature at all.
· Case 2: The Redcap UE optionally supports the feature;
· Case 3: The Redcap UE mandatorily supports the feature, but with different value;
· Case 4: The Redcap UE mandatorily supports the feature with the same value.

Case 1: The Redcap UE does not support the feature at all.
For Case 1, following two FGs are identified that are not necessary for RedCap UE:
· FG 2-16b of support 1+2 DMRS (uplink), i.e., oneFL-DMRS-TwoAdditionalDMRS-UL, defining the support of DM-RS pattern for UL transmission with 1 symbol front-loaded DM-RS with 2 additional DM-RS symbols and more than 1 antenna ports. For RedCap UE, since the number of transmission antenna is 1, the capability is not needed. 
· It is noted that in the whole SI phase, the antenna configurations used for RedCap UE for cost/complexity reduction is 1Tx for both FR1 and FR2 as captured in the TR 38.875, although the WID in [4] does not mention about the number of Tx assumption for the RedCap UE. 
· FG 4-12 of HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group, i.e., spatialBundlingHARQ-ACK, this capability is applicable to UE supporting more than 4 layers, that is not needed for RedCap UEs. 
Proposal 3: The capabilities of “oneFL-DMRS-TwoAdditionalDMRS-UL” and “spatialBundlingHARQ-ACK” that are mandatory for non-RedCap UEs are not needed for RedCap UEs.

Case 2: The Redcap UE optionally supports the feature
For the features that are mandatory for non-Redcap UEs, in general, it is more flexible and beneficial that the Redcap UE optionally supports the features. For example, following FGs can be considered to be optional for RedCap UEs.
· FG 1-7 of CSI-RS based RLM, i.e., csi-RS-RLM,
· For RedCap, UE can always perform radio link monitoring procedure based on measurement of SSB. The necessity of RedCap UE mandatorily support the CSI-RS based RLM may depend on whether RedCap UE can support a BWP without SSB [5].
· FG 2-4a/2-61of additional active TCI state/spatial relation for PDCCH/PUCCH, i.e., additionalActiveTCI-StatePDCCH/additionalActiveSpatialRelationPUCCH,
· For RedCap, it can be considered that the control and data channel can always use the same TCI state/spatial relation for complexity reduction.
Proposal 4: 
· Following capabilities that are mandatory for non-RedCap UEs can be considered to be optional for RedCap UEs:
· csi-RS-RLM, additionalActiveTCI-StatePDCCH/additionalActiveSpatialRelationPUCCH

Case 3: The Redcap UE mandatorily supports the feature, but with different value
For case 3, the Redcap UE mandatorily supports the feature, but with different value from the one for non-RedCap UEs, usually the MIMO related features including the maximum number of measurement resources and/or reporting cross CCs can be considered. For example, the component(s) for “across all CCs” in the following FGs are not applicable to RedCap UEs.
· FG 2-33 of CSI-RS and CSI-IM reception for CSI feedback, i.e., csi-RS-IM-ReceptionForFeedback field. 
· Component 4) that Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs and component 6) that Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCsand 6) are not applicable to RedCap UEs.
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· FG 2-35 of CSI report framework, i.e., csi-ReportFramework field defines the maximum number of CSI report setting.
· Component 9) is not applicable to RedCap UEs.  
[bookmark: _GoBack][image: ]
· FG 2-51 of TRS, i.e., csi-RS-ForTracking field, it contains four component field: maxBurstLength, maxSimultaneousResourceSetsPerCC, maxConfiguredResourceSetsPerCC,  and maxConfiguredResourceSetsAllCC. 
· Component 4) is not applicable.
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Proposal 5: The component(s) related to CA e.g., “cross all CCs” in Rel-15/16 mandatory FGs are not applicable for RedCap UEs. 
Case 4: The Redcap UE mandatorily supports the feature with the same value
For case 4, currently, the mandatory features for non-RedCap UEs are further divided into the mandatory features without capability signaling and with capability signaling. For the mandatory features without capability signaling captured in TR 38.822-f01 [6], generally they are basic features required to access the NW, perform the transmission and reception, measurement etc., such as 
· FG 0-1, 0-2, 0-3 and 0-4 of waveform and modulation for DL and UL; 
· FG 1-1 of Basic initial access channels and procedures; 
· FG 2-1 of Basic PDSCH reception; 
· FG 2-5 of Basic downlink DMRS for scheduling type A
· FG 2-6 of Basic downlink DMRS for scheduling type B
· FG 2-12 of Basic PUSCH transmission;
· FG 2-16 of Basic uplink DMRS (uplink) for scheduling type A
· FG 2-16a of Basic uplink DMRS for scheduling type B
· FG 2-32 of Basic CSI feedback
· FG 2-50 of Basic TRS
· FG 2-52 of Basic SRS
· FG 3-1 of Basic DL control channel
· FG 4-1 of Basic DL control channel
· FG 5-1 of Basic scheduling/HARQ operation
· FG 7-1 of Channel coding
· FG 8-3 of Basic power control operation
Given the agreed features to be reduced for RedCap like bandwidth, number of Rx and the support of half-duplex FDD, it is reasonable to assume the RedCap UE mandatorily support above features with the same value as the mandatory features without capability signaling for non-RedCap UEs. Note that for FG 6-1, some modification is necessary for RedCap UE regarding to inclusion of the CORESET#0, further details can be found in our companion contributions [5], [7].
Proposal 6: At least for the features that are mandatory without capability signalling for non-RedCap UEs, the RedCap UEs should support mandatorily with the same value. 
In additional to above, given that the processing timeline for RedCap UEs are not relaxed compared to the non-RedCap UEs, following FGs captured in TS 38.306 [8] can be mandatorily supported by the RedCap UE with the same value as the ones for non-RedCap UEs. 
· FG 2-2 of PDSCH beam switching, i.e., timeDurationForQCL field, it defines minimum number of OFDM symbols Xi required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing. This field is mandatory with capability signalling for FR2, the candidate value set of X1 for 60KHz and X2 for 120KHz is {7, 14, 28} and {14, 28} respectively.
· FG 2-25: Beam reporting timing, i.e., beamReportTiming field indicates the number of OFDM symbols between the last symbol of SSB/CSI-RS and the first symbol of the transmission channel containing beam report.
Proposal 7: Since the processing timeline for RedCap UEs are not relaxed compared to the non-RedCap UEs, for RedCap UEs, the capabilities related to the processing timeline can use the same value as the one for non-RedCap UEs.

3. Conclusion
This contribution present our views on the L1 capabilities that are manditory or optional or not supported for RedCap UEs. The proposals are summarized as below:
Proposal 1: following FGs that optional for non-RedCap UEs are not applicable for RedCap UEs.
· FGs related to UL MIMO: FG2-13 and FG2-14; FG15-18.
· FGs related to DL MIMO rank3/4: FG16-3a-3 and FG16-3b-2
Proposal 2: RAN1 discuss whether following Rel-16 power saving FGs should be mandatory for RedCap UEs and ask RAN2 to discuss whether some Rel-16 power saving FGs defined in RAN2 should be mandatory for RedCap UEs.
· FG19-1 DRX Adaptation 
· FG 19-2 Cross Slot Scheduling
· FG 19-4a UE assistance information
Proposal 3: The capabilities of “oneFL-DMRS-TwoAdditionalDMRS-UL” and “spatialBundlingHARQ-ACK” that are mandatory for non-RedCap UEs are not needed for RedCap UEs.
Proposal 4: 
· Following capabilities that are mandatory for non-RedCap UEs can be considered to be optional for RedCap UEs:
· csi-RS-RLM, additionalActiveTCI-StatePDCCH/additionalActiveSpatialRelationPUCCH
Proposal 5: The component(s) related to CA e.g., “cross all CCs” in Rel-15/16 mandatory FGs are not applicable for RedCap UEs. 
Proposal 6: At least for the features that are mandatory without capability signalling for non-RedCap UEs, the RedCap UEs should support mandatorily with the same value. 
Proposal 7: Since the processing timeline for RedCap UEs are not relaxed compared to the non-RedCap UEs, for RedCap UEs, the capabilities related to the processing timeline can use the same value as the one for non-RedCap UEs.
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