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In RAN#90e, a WID on support of reduced capability NR devices [1] was agreed. One objective of this WI is to specify higher layer support of UE complexity reduction features, including reduced maximum UE bandwidth, reduced minimum number of Rx branches and MIMO layers, relaxed maximum modulation order and support of HD-FDD type A operations. Following objectives were agreed and the details are to be refined at RAN#91e,
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
Based on the WID, we give our views on higher layer support of reduced capability NR devices in this contribution. 
Discussion
Device types for RedCap 
It was agreed in RAN1#103e that, 
· At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Pending conclusions on the reduced complexity features in AI8.6.1 and RedCap UE identification in AI8.6.5, the definition of the RedCap UE types can be based on one of: 
· Option 1: All the reduced capabilities recommended at the end of the RedCap study 
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any 
· Option 3: All the recommended reduced capabilities as well as recommended power saving features 
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS for other usages
Our view is that the intention of defining RedCap UE types is to enable the network identify RedCap UEs with baseline capabilities which do not need to be explicitly signaled. Based on this, option 2 and option 4 are preferred. The option 2 is more related with UE early identification during initial access, which we think is necessary/beneficial in terms of early access control, less impact to legacy UEs, link adaptation and coverage recovery for RedCap UEs, etc., as analyzed section 2.2.
Proposal 1: The definition of the RedCap UE types only includes the reduced capabilities that the network needs to know during initial access.
As is discussed also in the parallel contribution [2], it is proposed to define two RedCap UE types for FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches target bands, considering different coverage performance of 1Rx UEs and 2Rx UEs. Then one RedCap UE type is characterized with 1Rx branch and the other with 2Rx branches, together with other reduced capability features. Furthermore, since 1Rx branch and 2Rx branches are supported for other frequency bands, it is feasible that two RedCap UEs are defined for each frequency band.
Proposal 2: Define two device types for each frequency band, one characterized with 1Rx branch and the other with 2Rx branches. 
UE access and identification
For the UE identification, it was agreed in RAN1#102e that 
· Further study the options for identification of RedCap UEs, including the following indication methods:
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment. 
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission (subject to support of if 2-step RACH)
· Other options are not precluded.
· Note: This study intends to establish feasibility of, and pros and cons for the identified options from RAN1 perspective, without any intention of down-selection without guidance from RAN2.
In RAN1#103e, the pros./cons. of each options were analyzed in detail. With the refined WI scope, early identification of RedCap UE type(s) during transmission of Msg1 (i.e., opt.1) may be necessary or beneficial for,
· coverage recovery (including link adaptation) for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 reTx, Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH, if it is determined that coverage recovery for RedCap UEs is necessary for one of more of these channels. This is mostly related with if 1Rx RedCap UEs will be supported for the FR1 TDD bands where non-RedCap UEs are required to be with minimum 4Rx branches;
· Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4.
· The option of configuring separate initial UL BWPs, enables address congestion (if congestion may occur) in the initial UL BWP that may otherwise need to be restricted to the mandatory required BW for RedCap UEs in the band/FR.
We think the above factors justify the option of UE identification during Msg1. 
If a RedCap UE type is defined based on the corresponding minimum set of reduced capabilities that one RedCap UE type shall mandatorily support (i.e. Option 4 in Section 2.1), options 2-4 for RedCap UE identification can be further considered, possibly combining with basic reduced capability (e.g. the number of receive antennas and UE bandwidth) identification in Msg1.   
Proposal 3: The basic RedCap UE capabilities (e.g. the number of Rx antennas, max. UE bandwidth) could be identified during Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
 
Conclusions
As a summary, we have the following proposals on the higher layer support of Reduced Capability NR devices,
Proposal 1: The definition of the RedCap UE types only includes the reduced capabilities that the network needs to know during initial access.
Proposal 2: Define two device types for each frequency band, one characterized with 1Rx branch and the other with 2Rx branches. 
Proposal 3: The basic RedCap UE capabilities (e.g. the number of Rx antennas, max. UE bandwidth) could be identified during Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
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