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1 Introduction
In RAN1 #101-e and RAN1 #102-e meetings, RAN1 made following agreements and conclusions regarding a UE bandwidth of reduced capability (RedCap) UEs and identification of RedCap UEs:
Agreements: 

· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access

· Other bandwidths FFS

· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 

· Other bandwidths FFS
Agreements:

· For RedCap UEs in FR1, 

· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 

· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 
Agreements:

· 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.

Conclusion:
· RAN1 to wait for further progress in RAN2 on the issues of temporary access barring and congestion control

Conclusion:

· RAN1 to defer to RAN2 for further progress on studies regarding RRM relaxations and E-DRx for RedCap UEs to facilitate reduced UE power consumption. 

In this document, we provide our views on identification of RedCap UEs and narrowband operation for UE power saving at RedCap UEs. 
2 Identification of reduced capability UE

Depending on deployment and operation scenarios, it may be desirable to flexibly allow and/or restrict RedCap UEs to access to a particular cell (or a particular network) for efficient system operation and better coexistence with normal UEs (e.g. devices having at least the minimum set of mandatory UE capabilities specified in Rel-15/16 NR). If early identification of RedCap UEs is enabled, gNB can provide higher layer configurations (e.g. radio bearer configurations) specific to RedCap UEs. Further, a network may be able to reject or allow a connection setup/resume request depending on active applications of RedCap UEs and network conditions. 

In Rel-15/16 NR, UE capabilities of a given UE are known to gNB: 

1) by retrieving UE capability information from AMF upon receiving a UE identity (e.g. 1st part of 5G-S-TMSI in Msg3 and 2nd part of 5G-S-TMSI in Msg5 for RRC_IDLE UE, I-RNTI in Msg3 for RRC INACTIVE UE) in case the UE capability information of the given UE is available in AMF; or

2) by requesting and receiving UE capability information from the UE after setting up an RRC connection and enabling security, if the UE capability information of the given UE is not available in AMF.

In Rel-17 and beyond, NR can specify two or more predefined sets of mandatory UE capabilities to accommodate normal UEs (e.g. UEs supporting Rel-15/16 NR mandatory UE capabilities with possibly capability signalling) and RedCap UEs. A RedCap UE may be categorized or classified based on a set of and/or a combination of sets of mandatory UE capabilities that it supports. Further, the RedCap UE may indicate to a network a particular type of reduced capability based on active applications or traffic types. For example, if a triggering application of a wearable device is related to a small packet traffic (e.g., ‘heartbeat’ traffic of 100 byte packet size with 60 second mean inter-arrival time), the UE can be configured with a subset of capabilities it can support (e.g. single-layer MIMO only, active with 1 receive antenna even though it supports operation with 2 receive antennas) based on the indication of the UE category. 
The RedCap UE can include a full UE identity and/or information of an applicable UE category (or a UE class) in an extended or modified RRC setup request message or in an RRC resume request message. Each UE category (or UE class) can define a particular set(s) of mandatory UE features and/or capabilities. Upon receiving the indication of the UE class or the UE category, gNB can immediately identify the set of UE features and/or capabilities without communicating with the core network. Including the full UE identity in a MsgA PUSCH of a Type 2 (i.e., 2-step) random access procedure can enable small data transmission without establishing an RRC connection. 
Proposal 1: Specify a RedCap UE category(ies), each category defining a particular set of mandatory RedCap UE features and/or capabilities.
Proposal 2: Support indication of a RedCap UE category based on active applications or traffic types.
3 Power saving with narrowband operation
It is feasible for a reduced capability UE to not support dynamic switching of an active bandwidth part and thus only be configured with one UE-specific bandwidth part. Also, it's possible for a reduced capability UE to support DCI based (and/or timer based) dynamic switching of the active bandwidth part, potentially with relaxed bandwidth part switching delay requirements compared to NR UEs supporting eMBB and URLLC use cases. 
3.1 Narrowband operation within a bandwidth part
For Rel-15/16 NR UEs, a UE operation bandwidth at a given time is supposed to be no less than a bandwidth of UE’s active bandwidth part (BWP). 

Operating a reduced capability UE with a narrow bandwidth by configuring and activating a narrowband BWP may reduce power consumption. On the other hand, the narrowband BWP may make it difficult to exploit frequency diversity and to randomize the interference. 

Configuring the reduced capability UE with multiple narrowband BWPs and instructing the UE to perform frequent switching of an active BWP among the configured multiple narrowband BWPs can exploit the frequency diversity and randomize the interference. However, multiple BWP configurations may increase UE complexity and RRC signalling overhead, since each BWP configuration should include a set of DL and UL RRC parameters. 
Therefore, for UE power saving without increasing UE complexity, it may be preferred to limit the number of configured BWPs (e.g. one relatively wideband UE-specific DL/UL BWP and an initial DL/UL BWP) for the reduced capability UE and to allow the reduced capability UE to operate with a bandwidth smaller than a bandwidth of an active BWP. Furthermore, it may be necessary to support mechanisms exploiting the frequency diversity and realizing interference randomization within the active BWP. 

Proposal 3: For a reduced capability UE, support operating with a bandwidth smaller than a bandwidth of an active BWP.
Proposal 4: Study mechanisms exploiting the frequency diversity and realizing interference randomization within an active BWP, for a case that a reduced capability UE operates with a bandwidth smaller than a bandwidth of the active BWP.
3.2 Switching between narrowband and wideband operations within a BWP
A reduced capability UE operating with a smaller bandwidth than a bandwidth of an active BWP may have to increase its operating bandwidth up to the bandwidth of the active BWP, in order to receive and/or transmit large size packets and/or handle less delay-tolerant traffics. For example, for large size packets, it may be more power efficient to complete reception and/or transmission quickly with a wider operating bandwidth and go back to a sleep mode (or an inactive state). 
The reduced capability UE may monitor PDCCH on a narrowband control resource set (CORESET) and may adjust the operating bandwidth right before scheduled wideband DL/UL signal/channels. Similar to bandwidth part inactivity timer based BWP switching, a wideband operation timer can be used to switch back to the narrowband operation. For example, the reduced capability UE starts or re-starts the wideband operation timer at every reception or transmission occasion of wideband signals/channels, and goes back to the narrowband operation upon expiration of the wideband operation timer. 

Proposal 5: Support dynamic switching between narrowband and wideband operations within a BWP.  

4 Conclusion
In summary, we have the following proposals regarding RedCap UE identification and narrowband operation for UE power saving at RedCap UEs:

· Proposal 1: Specify a RedCap UE category(ies), each category defining a particular set of mandatory RedCap UE features and/or capabilities.
· Proposal 2: Support indication of a RedCap UE category based on active applications or traffic types.

· Proposal 3: For a reduced capability UE, support operating with a bandwidth smaller than a bandwidth of an active BWP.

· Proposal 4: Study mechanisms exploiting the frequency diversity and realizing interference randomization within an active BWP, for a case that a reduced capability UE operates with a bandwidth smaller than a bandwidth of the active BWP.
· Proposal 5: Support dynamic switching between narrowband and wideband operations within a BWP.  
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