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1. [bookmark: _Toc120549591]Introduction
This contribution discusses the new RAN1 UE features associated with the Rel-17 RedCap WI based on RAN1 agreements made so far for RedCap [1] and the updated RAN1 UE features list for Rel-17 NR after RAN1 #106bis-e[2], and it has been copied into the Annex of this contribution for convenience.
2. Discussion on basic UE features for RedCap
During RAN1#106b-e, the following agreements are made,
Agreements: [38.306, 38.331, TR 38.822]
FG 28-1 is kept as “RedCap UE” as follows.
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.
FFS whether to add any other basic features for RedCap UE

Yes

Impact on UE complexity
Per UE
No
[No]

RedCap UEs do not support carrier aggregation or dual connectivity.
Optional with capability signaling
Note that yellow highlight means FFS and to be discussed further. These parts are provided as placeholders.
Agreements: [38.306, 38.331, TR 38.822]
FG 28-1 is supported as a basic FG for RedCap UE
1. It is clarified in the column of “Mandatory/Optional”



According to the agreements, FG 28-1 is supported as a basic FG for RedCap UE. And during the email discussion in RAN1#106b-e under AI 8.6.2, the following proposals are also made, and most of the companies can accept the proposal.
FL2 High Priority Proposal 5-1: 
· Alt.2: Leave ‘Redcap Device Type’ definition to UE features of Redcap AI. 
· Note that: UE features that are defined as part of ‘Basic feature group’ for Redcap are included in the ‘Redcap Device Type’ definition. 

So as the Note says, the content of fourth column of FG28-1 will be included in the ‘Redcap Device Type’ definition,
· 1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
· 2. Maximum FR2 RedCap UE bandwidth is 100 MHz.
· FFS whether to add any other basic features for RedCap UE
The RedCap Device type related agreements were made in RAN1#106e as following. 
Agreements: [38.304, 38.306, 38.331]
· A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
· Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description
· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
· Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
· Supports either DL up to 64 QAM or up to 256 QAM for FR1
· Does not support CA/DC


To our understanding, the definition of RedCap UE type is to differentiate it from non-RedCap devices, and give a picture of key capabilities that RedCap devices support. As the WID describes, the motivation for RedCap UE type definition is ”Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.” To constrain the use of those RedCap capabilities only for RedCap UEs and prevent RedCap UEs from using capabilities not intented for them, it should be clear enough that what RedCap capabilities they are supposed to use for RedCap UEs. So the minimum set of the reduced capabilities that characterize RedCap devices should be included in the type definition.
Among the capabilities listed in the above agreements, does not support CA/DC has been captured in FG28-1. At least the number of Rx branches should also be captured in the fourth column of FG28-1. Otherwise, a RedCap UE may not indicate its support of FG28-2, then this will not align with the RedCap capability.
Proposal 1: Add the following component in the fourth column of FG28-1,
· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers.

Besides this, we think separate initial UL/DL BWP and early identification are also basic UE features.
1 
2 
· Separate initial UL/DL BWP
According to agreements made in RAN1#106b-e, network can configure separate initial UL/DL BWP for RedCap UEs by SIB which is before UE capability signaling, so RedCap should always support separate initial DL/DL BWP configuration, this should be a basic feature for RedCap UE. 
Agreement: [38.213, 38.331]
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases

Working Assumption: [38.213, 38.331]
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included


Proposal 2: Separate UL/DL initial BWP is a basic component that should be included in FG28-1.
· Early identification of RedCap UEs
According to related agreements made in RAN1#106e, RedCap UEs should support early identification at least in Msg1, and RAN2 has also agreed to support early indication of RedCap UEs in Msg3. So early identification related function should also be included in FG28-1 as basic UE feature.
Agreements: [38.331]
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.

To realize early identification in Msg1, RedCap UE should be able to determine its separate PRACH resource or PRACH preambles, so as to initiate random access on shared initial UL BWP or separate initial UL BWP. Taking 2-step RACH as reference, “2.	msgA PRACH resource and format determination” is included in its FG9-1, may be it can include “RedCap dedicated PRACH resource or PRACH preamble determination” in FG28-1. It also need to receive RACH related downlink channels in separated initial DL BWP if configured.
Proposal 3: Add the following components into the fourth column of FG28-1,
· RedCap dedicated PRACH resource or PRACH preamble determination;
· [bookmark: _GoBack]Receiving RACH related downlink channels in separated initial DL BWP if RACH related CSS/CORESET is configured
3. Conclusions
In this contribution, considerations on basic UE feature associated with the Rel-17 RedCap WI are discussed, the following proposals are made,
Proposal 1: Add the following component in the fourth column of FG28-1,
· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers.
Proposal 2: Separate UL/DL initial BWP is a basic component that should be included in FG28-1.
Proposal 3: Add the following components into the fourth column of FG28-1,
· RedCap dedicated PRACH resource or PRACH preamble determination;
· Receiving RACH related downlink channels in separated initial DL BWP if RACH related CSS/CORESET is configured
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5. Appendix
28. NR_redcap
	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

	 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.
FFS whether to add any other basic features for RedCap UE
	
	Yes
	
	Network assumes the UE is not a RedCap UE
	Per UE
	No
	No
	
	RedCap UEs do not support carrier aggregation or dual connectivity.
	Optional with capability signaling
RedCap UE must indicate this FG is supported

	 28. NR_redcap
	28-2
	Number of UE Rx branches and DL MIMO layers for RedCap UE
	1. For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
2. For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
	28-1
	Yes
	
	Impact on UE complexity
	Per band
	No
	No
	
	For UE capability signalling, the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework. Detailed signalling is up to RAN2.
	Optional with capability signaling

	28. NR_redcap
	28-3
	Half-duplex FDD operation type A for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) type A for RedCap UE
	28-1
	Yes
	
	UE is assumed to support FD-FDD in FDD bands
	Per band
	FDD only
	FR1 only
	
	
	Optional with capability signaling

	
	
	
	


	
	
	
	
	
	
	
	
	
	

	 28. NR_redcap
	28-5
	UL 256QAM support for RedCap UE
	1. Support of 256QAM for PUSCH for RedCap UE
2. Support of 256QAM MCS table (Table 5.1.3.1-2 in TS 38.214) for PUSCH for RedCap UE
	28-1
	Yes
	
	Impact on UE complexity and UL link performance at high SNR
	Per band
	No
	No
	
	For RedCap UEs, the 256QAM MCS table for PUSCH is only supported if the UE supports 256QAM for PUSCH.
	Optional with capability signaling



