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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 105 e-meeting [2], two options on how to define the RedCap UE type were concluded to be further down selection.
	Working assumption:
· RedCap UE type is defined based on one of the following options
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any. 
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS: details of the set of reduced capabilities



As discussed in last RAN1#105e-meeting, the difference between Option 2 and Option 4 lies in that Option 2 only include the reduced capabilities that the network needs to know during initial access while Option 4 includes mandatory features which can be either related to or unrelated to initial access. Definition of RedCap UE type should contribute to simplify the specification effort to identify RedCap UE from non-RedCap UE. Compared to Option 4 including mandatory features of RedCap UE, Option 2 would complicate the specification standard. Moreover, if RedCap UE type is defined based on the Option 2, other mandatory features of RedCap UEs not included in the Option 2 would need more specification effort to be further clarified. On the other hand, the existing UE capability signaling can be easily reused to report capabilities beyond the mandatory features defined in the Option 4.    
Proposal 1: RedCap UE type is defined based on option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support.
Early indication of RedCap UEs
Another RAN2-led objective with relevance to RAN1 is to introduce early indication of RedCap UEs in Msg1 and/or Msg3, and MsgA (if supported). Such an indication enables RedCap UEs to indicate reduced capabilities to network and enable network to handle RedCap UEs differently than non-RedCap UEs during initial access. Relevant agreements were reached in RAN1 105 e-meeting [2] as below.  
	Working assumption:
· 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
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource 
· PRACH preamble partitioning 
· FFS the possibility of supporting Msg3 for the early indication 

Agreement: (if the above working assumption is confirmed)
· Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB

Agreement:
· 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



Two scenarios, i.e. separate initial UL BWPs for non-RedCap UEs and RedCap UEs, and shared initial UL BWP for non-RedCap UEs and RedCap UEs, have been agreed in reduced maximum UE bandwidth discussion under AI 8.6.1.1. Therefore, solutions on how to support the early indication in Msg1 should take these two supported scenarios into considerations.
For the scenario of separate initial UL BWPs for non-RedCap UEs and RedCap UEs, separate initial UL BWP should be naturally supported for early indication of RedCap UEs in Msg1. On the other hand, for the scenario of shared initial UL BWP for non-RedCap UEs and RedCap UEs, two candidate options, i.e. separate PRACH resource and PRACH preamble partitioning, were discussed. These two options are not mutually exclusive, and both can be supported for the early indication in Msg1. And it can be up to gNB to configure either of the two options according to the practical deployment. That is, gNB can have the flexibility to select which one according to cell deployment.
Proposal 2: For early indication of RedCap UEs in Msg1, all of separate initial UL BWP, separate PRACH resource and PRACH preamble partitioning can be supported according to different scenarios.
Proposal 3: For shared initial UL BWP for non-RedCap UEs and RedCap UEs, it can be up to gNB to configure either of separate PRACH resource and PRACH preamble partitioning according to a practical deployment.
Regarding separate PRACH resource in the shared initial UL BWP, for example, separate starting frequency locations of RACH occasions with respective to PRB #0 of the shared initial UL BWP can be configured for RedCap UEs and non-RedCap UEs, respectively.
Proposal 4: Separate PRACH resources via e.g. separate starting frequency locations of ROs for RedCap UEs can be configured by gNB.
PRACH preamble partitioning is intended for preamble separation in shared ROs with non-RedCap UEs and RedCap UEs. In Rel-16, PRACH preamble partitioning has already been supported in shared ROs to separate PRACH preambles for 2-step RA and 4-step RA. Moreover, PRACH preamble partitioning is also under discussion for other Rel-17 features such as SDT, Coverage Enhancement, and RAN slicing. Note that the preamble determination used for 2-step RA, i.e. the starting position of preambles associated with a SSB for 2-step RA starts from the end of 4-step contention based preambles for that SSB, is not feasible for determining the preambles specific to RedCap UEs. Furthermore, supporting 2-step RACH for RedCap UEs is agreed as an optional feature in last RAN1 meeting. Some RedCap UEs would not support 2-step RACH feature. Further considering RedCap UEs may also support some other Rel-17 features, gNB can configure a starting position and a number of contention based preambles for a SSB to indicate RedCap UEs for PRACH preamble partitioning in shared ROs case. According to gNB’s proper configuration, separate PRACH preambles for different Rel-17 features will not overlap with each other in shared ROs case.
Proposal 5: For PRACH preamble partitioning in shared ROs, a starting position and a number of contention based preambles can be configured to indicate RedCap UEs to identify PRACH preambles used for early indication.
One issue caused by the preamble partitioning in a shared RO is PRACH preamble over-dimension. To avoid preamble congestion caused by the various Rel-17 features in one shared RO, different subsets of ROs can be applied to different Rel-17 features. For RedCap UE, a subset of shared ROs can be configured for early indication.
Proposal 6: A subset of shared ROs can be configured to RedCap UEs for early indication in case of PRACH preamble partitioning. 
Regarding how to support enable/disable the early indication, an explicit indication for enabling/disabling the early indication in SIB is not necessary. It is a straightforward way to consider whether early indication of RedCap UE in Msg1 is enabled or disabled according to whether gNB configures PRACH resource specific to early indication in Msg1. If gNB does not configure PRACH resource specific to early indication of RedCap UEs in Msg 1 in SIB, it is natural for RedCap UEs to consider that the early indication of RedCap UEs is disabled. On the other hand, if gNB configures the PRACH resource specific to early indication of RedCap UEs in Msg 1 in SIB, the RedCap UEs consider that the early indication of RedCap UEs is enabled.　
Proposal 7: Early indication of RedCap UEs in Msg1 can be enabled/disabled according to whether there are PRACH resource specific to early indication of RedCap UEs in Msg 1 configured in SIB. 
Conclusion
In this contribution, we have discussed RAN1 aspects for RAN2-led features for RedCap and have the following proposals:
Proposal 1: RedCap UE type is defined based on option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support.
Proposal 2: For early indication of RedCap UEs in Msg1, all of separate initial UL BWP, separate PRACH resource and PRACH preamble partitioning can be supported according to different scenarios.
Proposal 3: For shared initial UL BWP for non-RedCap UEs and RedCap UEs, it can be up to gNB to configure either of separate PRACH resource and PRACH preamble partitioning according to a practical deployment.
Proposal 4: Separate PRACH resources via e.g. separate starting frequency locations of ROs for RedCap UEs can be configured by gNB.
Proposal 5: For PRACH preamble partitioning in shared ROs, a starting position and a number of contention based preambles can be configured to indicate RedCap UEs to identify PRACH preambles used for early indication.
Proposal 6: A subset of shared ROs can be configured to RedCap UEs for early indication in case of PRACH preamble partitioning.
Proposal 7: Early indication of RedCap UEs in Msg1 can be enabled/disabled according to whether there are PRACH resource specific to early indication of RedCap UEs in Msg 1 configured in SIB. 
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