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Introduction
In RAN#92e meeting, Rel-17 work item on support of reduced capability NR devices [1] has the following objectives to specify definition of one RedCap UE type, early indication of RedCap UE, and system information indication on access restriction. 
	· 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. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]



In this contribution, we discuss some views on the RAN1 related aspects.
[bookmark: OLE_LINK1]Discussions
 Definition of one RedCap UE type
According to the WID[1], definition of one RedCap UE type is to be specified. In RAN1 106 e-meeting [2], at least maximum bandwidth was agreed for definition of RedCap UE type. In addition to the maximum bandwidth, several capabilities as below need further discuss to whether to capture them to RedCap UE type description.  

	Agreements:
· 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




According to the following objective on the definition of RedCap UE type stated in WID [1], there seems to be not sufficient if only maximum bandwidth was used for definition of RedCap UE type. That is, maximum bandwidth only cannot well specify the definition of one RedCap UE type in WID [1]. As distinctive features between RedCap UEs and non-RedCap UEs, four capabilities for FFS made in last meeting should be considered to be captured to the RedCap UE type description.
	· 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. [RAN2, RAN1]



Proposal 1: Following capabilities are also captured 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

L1 RedCap UE capabilities
As agreed in last RAN1 meeting below, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default. Some L1 UE capabilities mandatory/optional with capability signaling need to be further clarified whether they are applicable to RedCap UE or not. 

	Agreements:
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs



For RedCap UE, the support maximum DL MIMO layers are equivalent to the reduced number of Rx branches. That is, the RedCap UE can only support up to 2 DL MIMO layers for PDSCH. Therefore, due to the support maximum DL MIMO layers of RedCap UEs, L1 UE capabilities related to more than 2 DL MIMO layers for PDSCH should not be applicable for RedCap UEs. As noted in TR38.822[3], FG 4-12 (HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group) is applicable to UE supporting more than 4 layers. Furthermore, it is mandatory with capability signalling for NR Rel-15 UEs. It is necessary to capture in TS38.306 for the definition of the capability (spatialBundlingHARQ-ACK) that the capability is not applicable to RedCap UEs. 
Proposal 2: UE capabilities related to more than 2 DL layers are not applicable to RedCap UEs. 
· The UE capability spatialBundlingHARQ-ACK corresponding to FG 4-12 in TR 38.822, which is mandatory with capability signalling for NR Rel-15 UEs, is not applicable to RedCap UEs.

Early indication for RedCap
Support of 2-step RACH for RedCap UEs has been agreed in RAN1-105-e [4]. Details of how to specify early indication in MsgA is FFS. Meanwhile, RAN2 also agreed to further specify solution for early indication for 2-step RACH in RAN2-115-e. Relevant agreements were as below.  
	RAN1 105 e-meeting
Agreements:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised
RAN1 106 e-meeting
Agreement
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.
RAN2 115 e-meeting
Agreements:
1.	Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.
2.	Solution for early identification for 2-step RACH will be specified.
3.	Specify separate indications in SIB1 for barring RedCap UEs with 1 Rx chain and 2 Rx chains.
4.	Specify a RedCap specific IFRI in SIB1.
Agreements online:
1.	A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)
Agreements:
1.	Preamble partitioning is defined on a feature and/or feature combination basis.  FFS on signalling.  2step RA and CE is excluded, if RAN1 decided to exclude




As in above RAN2 agreements, RAN2 has agreed to use the dedicated LCID solution to support Msg3 early identification for 4-step RACH. Therefore, RedCap UEs shall indicate CCCH using the dedicated LCID in Msg3 PUSCH and it may have nothing to do with whether the RedCap UE performs the early indication in Msg1 or not. It is unnecessary for RedCap UE to indicate CCCH using the legacy LCID in Msg3 even if the RedCap UE performed early indication in Msg1.
Proposal 3: For 4-step RACH, RedCap UEs shall indicate CCCH using the dedicated LCID in Msg3 PUSCH, regardless of whether the RedCap UEs perform early indication in Msg 1 or not.  
How to support early indication for 2-step RACH is postponed until there is further progress on the early indication for 4-step RACH. Given early indication in Msg3 PUSCH is agreed to support, same functionality can be applied to the 2-step RACH as well. It is also nature that, for a RedCap UE capable of indicating CCCH using the dedicated LCID in Msg3 PUSCH, the RedCap UE shall also indicate CCCH using the dedicated LCID in MsgA PUSCH when 2-step RACH is performed. In this regard, the early indication of RedCap UEs in MsgA PUSCH part should be automatically supported for 2-step RACH. One same dedicated LCID should be used for both 4-step RACH and 2-step RACH.
Besides support of early indication in MsgA PUSCH, another point is to whether to support early indication in MsgA preamble. Compared to early indication in Msg1 for 4-step RACH, there seems to be less benefit to support early indication in MsgA preamble given RAR would be received after MsgA preamble and PUSCH for 2-step RACH. However, considering some situations such as separate initial UL BWP for RedCap UEs, some PRACH preambles not mapped to valid PUSCH occasions, it would be still beneficial to support early indication of RedCap UEs in MsgA preamble. Certainly, it can be up to network to whether enable or disable the early indication in MsgA preamble according to real deployments.    
Proposal 4:
· For 2-step RACH, support the early indication of RedCap UEs in MsgA preamble part.
· The early indication in MsgA preamble part can be configured to be enabled/disabled via SIB
· 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
· For 2-step RACH, support the early indication of RedCap UEs in MsgA PUSCH part.
· Same dedicated LCID for Msg3 early indication is applied to MsgA PUSCH early indication.  

Conclusion
In this contribution, we have discussed RAN1 aspects for RAN2-led features for RedCap and have the following proposals: 
Proposal 1: Following capabilities are also captured 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

Proposal 2: UE capabilities related to more than 2 DL layers are not applicable to RedCap UEs. 
· The UE capability spatialBundlingHARQ-ACK corresponding to FG 4-12 in TR 38.822, which is mandatory with capability signalling for NR Rel-15 UEs, is not applicable to RedCap UEs.

Proposal 3: For 4-step RACH, RedCap UEs shall indicate CCCH using the dedicated LCID in Msg3 PUSCH, regardless of whether the RedCap UEs perform early indication in Msg 1 or not.
Proposal 4:
· For 2-step RACH, support the early indication of RedCap UEs in MsgA preamble part.
· The early indication in MsgA preamble part can be configured to be enabled/disabled via SIB
· 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
· For 2-step RACH, support the early indication of RedCap UEs in MsgA PUSCH part.
· Same dedicated LCID for Msg3 early indication is applied to MsgA PUSCH early indication.  
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