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1. Introduction
At RAN#91e meeting, revised WID on support of reduced capability NR devices was approved with the following objectives [1]:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· 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]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]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] 
[…]
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.



In the following sections, RAN1 aspects for RAN2-led features for RedCap UEs and its specification impacts are discussed.


2. RedCap UE type
Based on the WID, reduced capabilities for each operating band can be summarized as Table 1. As stated in the WID, only one RedCap UE type is used for RedCap UE identification so that initial access can be handled based on the identification as discussed in Section 3. As any reduced capabilities other than the maximum UE BW have two candidate values, they should not be included in the UE type definition and maximum UE BW is enough for defining the one RedCap UE type. 
Proposal 1: 
· One RedCap UE type for RedCap UE identification is defined by the maximum UE BW for each operating band.

Table 1.   Reduced capabilities for each operating band
	FR1 FDD
	FR1 TDD
	FR2

	· 20MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO
· HD-FDD Type A or FD-FDD
· DL 64QAM or 256QAM
	· 20MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO
· DL 64QAM or 256QAM
	· 100MHz BW
· 1Rx with 1 DL MIMO or 2Rx with 2 DL MIMO




3. RedCap UE identification
As captured in TR 38.875, following options were discussed for RedCap UE identification while Option 4 was deprioritized for the study:
-	Option 1: During Msg1 transmission
-	E.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning
-	Option 2: During Msg3 transmission
-	Option 3: Post Msg4 acknowledgment. 
-	E.g., during Msg5 transmission or part of UE capability reporting
-	Option 4: During MsgA transmission
-	Subject to support of 2-step RACH procedure

As coverage recovery is necessary for Msg2 and Msg3 in FR1 TDD bands and Msg3 in FR1 FDD bands during initial access, Option 1 should be supported to schedule RedCap UEs appropriately. Regarding how to identify RedCap UEs during Msg1 transmission, among the schemes listed above, we prefer separate initial UL BWP considering the collision handling, RO and PUSCH/PUCCH frequency hopping outside the UE BW discussed in our companion contribution [2]. By separate initial UL BWP for RedCap UEs, legacy UE can use existing RO configuration without RedCap UEs while RedCap UEs can access the cell using different RO configuration dedicated to them. PUSCH resource fragmentation issue can be avoided if PUCCH frequency hopping can be disabled during initial access for the separate initial UL BWP configuration. As an alternative, Dedicated PRACH configurations (e.g., ROs) for RedCap UEs can be considered, which is also beneficial for collision handling and avoiding ROs outside the UE BW.
Proposal 2: 
· Support RedCap UE identification during Msg1 transmission with at least one of following schemes:
· [bookmark: _Hlk71678227]Separate initial UL BWP for RedCap UEs
· Dedicated PRACH configurations for RedCap UEs


4. Support of Rel.15/16 UE capabilities
As captured in TR 38.875 as follows, it should be discussed whether/how Rel.15/16 mandatory/optional UE features is supported for RedCap UEs:
	The UE capabilities can be categorized as: 
· Minimum mandatory capabilities that all RedCap UEs support, if identified.
· Optional capabilities, to be signalled explicitly.
For capability signalling of RedCap UEs, the following scenarios are possible, however feasibility, applicability of the cases and the final division to categories depend on the exact RedCap capabilities (to be defined):
· For the features that are mandatory for non-Redcap UEs:
-	The Redcap UE mandatorily supports the feature with the same value.
-	The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value).
-	The Redcap UE optionally supports the feature.
-	The Redcap UE does not support the feature at all.
· For the features that are optional for non-Redcap UEs:
-	The Redcap UE does not support the feature at all.
-	The Redcap UE supports the feature with a different value.
-	The Redcap UE supports the feature with the same value.
-	The Redcap UE mandatorily supports the feature.



For the features that are mandatory for non-Redcap UEs, we see almost all features should be supported as mandatory for RedCap UEs as well, except for the features as follows:
· L1 FG2-3: maxNumberMIMO-LayersPDSCH
· Same as supported number of Rx branches for RedCap UEs
· RF FG1-4: pdsch-256QAM-FR1
· Optional
· RF FG2-1: channelBWs-DL/channelBWs-UL:
· 20MHz for FR1 and 100MHz for FR2
While latter two features should be handled in RAN4, RAN1 should define new capability value of the reduced number of MIMO layers for PDSCH.
Proposal 3: 
· Support a new UE capability value of the reduced number of MIMO layers for PDSCH for RedCap UEs.


5. Conclusion
In this contribution, we discussed RAN1 aspects for RAN2-led features for RedCap UEs. Based on the discussion, we made following proposals.
Proposal 1: 
· One RedCap UE type for RedCap UE identification is defined by the maximum UE BW for each operating band.
Proposal 2: 
· Support RedCap UE identification during Msg1 transmission with at least one of following schemes:
· Separate initial UL BWP for RedCap UEs
· Dedicated PRACH configurations for RedCap UEs
Proposal 3: 
· Support a new UE capability value of the reduced number of MIMO layers for PDSCH for RedCap UEs.
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