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1 [bookmark: _Ref40465791]Introduction
At RAN plenary meeting #91-E, the work item description (WID) for the support of reduced capability NR devices was updated, and the following objectives on introducing a RedCap UE type were identified for the WI [1]:
	· 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] 



During RAN1 #105-e meeting, the following were agreed [2]:
	Working assumption:
1. For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
0. The early indication in Msg1 can be configured to be enabled/disabled
0. FFS How to support enable/disable the early indication
0. FFS details e.g.:
1. separate initial UL BWP
1. separate PRACH resource
1. PRACH preamble partitioning
0. FFS the possibility of supporting Msg3 for the early indication 

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

Send an LS to RAN2 informing them the above working assumption and the agreement for early indication, possibly also RAN2-related agreements – Shinya (DCM)
R1-2106216          [Draft] LS on RAN1 agreements on RAN2-led features for RedCap NTT DOCOMO
Which is approved, with final LS in R1-2106329.

Working assumption:
1. RedCap UE type is defined based on one of the following options
2. Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
2. Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
2. FFS: details of the set of reduced capabilities
Conclusion:
1. RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back
Agreement:
1. Support 2-step RACH for RedCap UEs as an optional feature
3. FFS details of early indication in MsgA, e.g.:
0. Separation of 2-step RACH resources or MsgA preambles
0. Separation of initial UL BWP
0. Using a new indication in MsgA PUSCH part
3. Note: Discussion on 4-step RACH for early indication should be prioritised



In this contribution, following the above objectives and discussions/decisions from RAN1 #105-e meeting, we present our views on higher layer related considerations from PHY layer perspective for efficient support of RedCap UEs in existing and future NR deployments with minimal impact to non-RedCap UEs. In particular, we share our views on defining RedCap UE type(s), on identification of RedCap UE type(s) by the network, SI indication to indicate whether a RedCap UE may camp on a cell, and defining UE capabilities for RedCap. 
2 [bookmark: _Ref53792937]Defining a RedCap UE Type in Rel-17

Based on discussions and decisions during the SI phase, the following was captured in the “RedCap TR” [2]:
	At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Pending conclusions on the reduced complexity features (as described in clauses 7 and 12) and RedCap UE identification (as described in clause 11), 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
If early identification during initial access is supported, at least maximum supported UE bandwidth during initial access (20 MHz for FR1 and 100 MHz for FR2) is included in the set of L1 capabilities of the device type for RedCap early identification. Note that this does not preclude the case where the early indication only indicates whether it is a RedCap UE or which type of the RedCap UEs if multiple UE types are defined.



As quoted in the Introduction section, RAN1 made the following WA during RAN1 #105-e meeting:
Working assumption:
1. RedCap UE type is defined based on one of the following options
4. Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
4. Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
4. FFS: details of the set of reduced capabilities
Also, RAN2 made the following conclusion:
	1. The network needs to unambiguously know whether the UE is a RedCap or a non-RedCap UE from its reported UE capability information.


 
Considering the above, it would be reasonable to consider that RedCap UEs are defined at least based on the maximum supported UE BW. 
Other than reduced max UE BW, other complexity features are expected to be defined such that a RedCap UE may optionally support non-RedCap configurations (e.g., number of Rx branches, maximum DL modulation order). These are listed below:
1. reduced number of Rx branches: between 1Rx and 2Rx (in FR2 and FR1 bands ≤ 2496 MHz, 2Rx branches are also required for non-RedCap UEs);
1. support of HD-FDD only (i.e., no support of FD-FDD) is optional;
1. max DL modulation order of 64QAM, with optional support of 256QAM;
The above features may not contribute to uniquely defining a RedCap UE type unless multiple RedCap UE types are introduced (at least on reduced number of Rx branches). However, it has been agreed to define a single RedCap UE Type according to the WID.
Thus, we have the following proposal that is based on Option 2 from the working assumption from RAN1 #105-e.
Proposal 1:  
· A single RedCap UE type is defined as a NR UE with maximum supported UE BW of 20 MHz in FR1 and 100 MHz in FR2.
3 Identification of RedCap UE Type(s) 

Following the discussions and decisions during the SI phase, the detailed set of options for mechanisms to facilitate identification of RedCap UEs by the network, including their feasibility, necessity, and pros and cons were captured in TR 38.875 [3].
	RAN1 studied feasibility, necessity, pros and cons from RAN1 perspective for the following schemes for identification of RedCap UEs:
· 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
RAN1 made the following observations regarding Option 1, Option 2, and Option 3. Study of Option 4 was deprioritized, i.e. study of the 4-step RACH procedure was prioritized over study of the 2-step RACH procedure.



Subsequently, as quoted in Introduction section, the WID objective indicates [1]:
	· 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]



4-step RACH
For 4-step RACH, the following benefits can be realized for RedCap UE identification during Msg1:
· Appropriate AL selection for PDCCH, MCS selection for PDSCH/PUSCH, and PUCCH resource selection for one or more of: Msg2 PDCCH/PDSCH, Msg3 PUSCH and PDCCH scheduling Msg3 retransmission, 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.
· Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4, if UL BWP #0 with BW larger than max RedCap UE BW is supported for non-RedCap (or RedCap) UEs.
For RedCap UE identification during Msg1, the following options have been identified: 
· Separate initial UL BWP
· Separate PRACH resource
· PRACH preamble partitioning
For the option of separate initial UL BWP, separate RACH configuration can be provided via rach-ConfigCommon for the separate initial UL BWP.
The option of using separate PRACH resources can be further realized via: 
· Separate ROs in time and frequency. For instance, additional ROs may be configured that are only available to RedCap UEs while rest of the PRACH configuration may be common with that for non-RedCap UEs.
· Entirely separate RACH resource configurations for RedCap and non-RedCap UEs.
For PRACH preamble partitioning, the approaches currently defined for support of early identification (e.g., between 4-step and 2-step RACH) can be extended and it is noted that RAN2 is already discussing related details, especially in context of support of early identification when multiple features requiring early identification may be configured in a cell, including one or more of: RedCap, Msg3 CE, SDT, 2-step RACH, and slicing.
For the above options for identification during Msg1 transmission for 4-step RACH, it would be imperative to provide the maximal flexibility to the gNB in determining the best method or combination of methods for early identification. Thus, all the mechanisms should be supported by specifications for gNB to choose from. 
Proposal 2:
· Confirm the following WA from RAN1 #105-e:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.

Proposal 3:
· For 4-step RACH, specifications support early identification during Msg1 transmission using the following methods (up to gNB configuration):
· Separate initial UL BWP
· Separate RACH configuration provided via rach-ConfigCommon for the separate initial UL BWP
· Separate PRACH resource; via either of:
· Separate ROs in time and frequency (additional ROs, only available to RedCap UEs; rest of the configuration may be common with that for non-RedCap UEs)
· Separate RACH resource configuration 
· PRACH preamble partitioning.
2-step RACH
For 2-step RACH, the following options were identified from RAN1 #105-e:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
Following the discussion for 4-step RACH, it would be reasonable to expect that the first two methods are also supported for 2-step RACH. 
Separate RACH resources/MsgA preambles (via PRACH preamble partitioning) can be supported. In addition, as for 4-step RACH, separate ROs in time-frequency can be used to separate RedCap UEs from non-RedCap UEs with preamble partitioning within each set of ROs to trigger 2-step vs. 4-step RACH.
In our view, the first two options are sufficient and using new indication in MsgA PUSCH part is not necessary (avoid unnecessary impact to MAC). More importantly, the option of new indication in MsgA PUSCH part becomes infeasible when MsgA PUSCH may not be transmitted by the UE under certain conditions (e.g., when the MsgA PUSCH may be canceled) as the RA procedure falls back to 4-step RACH.  
Proposal 4:
· For 2-step RACH, specifications support early identification during Msg1 transmission using the following methods (up to gNB configuration):
· Separate initial UL BWP
· Separate RACH configuration provided via rach-ConfigCommon for the separate initial UL BWP
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· Separate PRACH resources; via either of:
· Separate ROs in time and frequency (additional ROs, only available to RedCap UEs; rest of the configuration may be common with that for non-RedCap UEs)
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· Separate RACH resource configuration
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· PRACH preamble partitioning.
· New indication in MsgA PUSCH part is NOT used for RedCap UE identification.
For early identification via Msg3, the key benefits from PHY perspective are limited to the following:
· Appropriate AL selection for PDCCH, MCS selection for PDSCH/PUSCH, and PUCCH resource selection for one or more of: Msg4 PDCCH/PDSCH or PUCCH in response to Msg4, Msg5 PUSCH and associated PDCCH
· Identifying UE max bandwidth capability for Msg5 scheduling and PUCCH in response to Msg4, if UL BWP #0 with BW larger than max RedCap UE BW is supported for non-RedCap (or RedCap) UEs.
In the above, the second benefit may not translate to any practical benefit/flexibility if RedCap vs. non-RedCap UEs are not identified before Msg3 PUSCH transmission. Thus, the main benefit may be limited to Msg4/Msg5 scheduling. Note that there are other benefits from higher layer perspective from UE identification via Msg3, but those are also applicable for UE identification during Msg1 transmission.
On the other hand, the following options for RedCap UE identification were identified in TR 38.875 [2]:
· Using the spare bit in existing Msg3 definition
· Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
· Introduction of new larger RRC message (e.g. on CCCH1)
· New MAC control element or LCID
Except for the option of using the spare bit in Msg3, the other options are likely to incur non-negligible additional spec and gNB efforts. Additionally, using the spare bit in Msg3 may not be desirable for this purpose.
Based on the above discussions, we arrive at the following proposals.
Proposal 5:
· Early identification of RedCap UE during Msg3 transmission is NOT supported.
4 SI indication to indicate whether a RedCap UE can camp on a cell/frequency
As captured as a WI objective, SI message (preferably in SIB1) can be used to indicate whether a RedCap UE, and in particular, whether a RedCap UE with 1 Rx branch and/or a RedCap UE with 2 Rx may camp on a cell/frequency. For this, RAN2 has already agreed on the following:
	Agreements:
1. SIB1 (not MIB) indicates cell barring for 1 Rx branch and 2 Rx branches separately for RedCap UEs. Further details of the solution are FFS.



The above indicates that SIB1 is used to carry such information which implies that the information is conveyed as part of SIB1 carried by PDSCH. There is negligible (if any) power saving benefits from having the indication in the DCI format scheduling the PDSCH with SIB1. If the indication allows RedCap UEs to camp on the cell, the UE anyway needs to acquire the SIB1. On the other hand, the UE power saving benefit from avoiding a PDSCH reception, for a PDSCH that is likely scheduled with slot offset K0 = 0, would be minimal for a “barred UE”. Thus, in our view, it is not necessary to introduce another solution in addition to the RAN2 solution, especially one that introduces further coupling between higher layer signaling and Layer 1 signaling. 
Proposal 6:
· SI indication to indicate whether a RedCap UE with one Rx and/or two Rx branches may camp on a cell is conveyed as part of SIB1 in a PDSCH. 
5 Defining UE capabilities for RedCap
On defining UE capabilities for RedCap, RAN2 has made the following decision:
	1. RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE.



In general, we can expect UE capabilities for RedCap to be defined based on the following framework.
Observation 1: 
· Barring exceptions, the UE capabilities defined in TS 38.306 for non-RedCap UEs, would apply for RedCap UEs. Four categories of exceptions: 
· Mandatory capabilities (for non-RedCap) may be made optional or not supported at all, if any
· Optional capabilities (for non-RedCap) may be made mandatory for RedCap UE, if any
· Mandatory/optional capability (for non-RedCap) that may be modified in terms of supported values to report or additional/modifications to conditions for RedCap UEs, if any
· New capabilities (if any) for RedCap UEs (mandatory or optional) that may not be available for non-RedCap UEs. 
The above framework and the RAN2 working assumption may be sufficient to provide a reasonable approach towards defining UE capabilities for RedCap. It should be noted that RAN2 is already discussing applicability of various higher layer UE features. However, for Layer 1 features, it may be prudent for the PHY designs to stabilize a bit further before conducting any detailed exercise in RAN1 on the applicable UE capabilities and necessary exceptions as categorized above. 

6 Conclusions
In this contribution, we presented our views on higher layer related considerations from PHY layer perspective for efficient support of RedCap UEs in existing and future NR deployments with minimal impact to non-RedCap UEs. In particular, we shared our views on defining RedCap UE type(s), on identification of RedCap UE type(s) by the network, SI indication to indicate whether a RedCap UE may camp on a cell, and defining UE capabilities for RedCap.
Based on the presented discussion, our views can be summarized via the following proposals and observation.

On RedCap UE Types:
Proposal 1:  
· A single RedCap UE type is defined as a NR UE with maximum supported UE BW of 20 MHz in FR1 and 100 MHz in FR2.

On RedCap UE identification:
Proposal 2:
· Confirm the following WA from RAN1 #105-e:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
Proposal 3:
· For 4-step RACH, specifications support early identification during Msg1 transmission using the following methods (up to gNB configuration):
· Separate initial UL BWP
· Separate RACH configuration provided via rach-ConfigCommon for the separate initial UL BWP
· Separate PRACH resource; via either of:
· Separate ROs in time and frequency (additional ROs, only available to RedCap UEs; rest of the configuration may be common with that for non-RedCap UEs)
· Separate RACH resource configuration 
· PRACH preamble partitioning.
Proposal 4:
· For 2-step RACH, specifications support early identification during Msg1 transmission using the following methods (up to gNB configuration):
· Separate initial UL BWP
· Separate RACH configuration provided via rach-ConfigCommon for the separate initial UL BWP
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· Separate PRACH resources; via either of:
· Separate ROs in time and frequency (additional ROs, only available to RedCap UEs; rest of the configuration may be common with that for non-RedCap UEs)
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· Separate RACH resource configuration
· Preamble partitioning can be applied within an RO to trigger 2-step vs. 4-step RACH
· PRACH preamble partitioning.
· New indication in MsgA PUSCH part is NOT used for RedCap UE identification.
Proposal 5:
· Early identification of RedCap UE during Msg3 transmission is NOT supported.

On SI indication for preventing camping on a cell:
Proposal 6:
· SI indication to indicate whether a RedCap UE with one Rx and/or two Rx branches may camp on a cell is conveyed as part of SIB1 in a PDSCH. 

Defining UE capabilities for RedCap:
Observation 1: 
· Barring exceptions, the UE capabilities defined in TS 38.306 for non-RedCap UEs, would apply for RedCap UEs. Four categories of exceptions: 
· Mandatory capabilities (for non-RedCap) may be made optional or not supported at all, if any
· Optional capabilities (for non-RedCap) may be made mandatory for RedCap UE, if any
· Mandatory/optional capability (for non-RedCap) that may be modified in terms of supported values to report or additional/modifications to conditions for RedCap UEs, if any
· New capabilities (if any) for RedCap UEs (mandatory or optional) that may not be available for non-RedCap UEs. 
References
[1] [bookmark: _Ref71654122][bookmark: _Ref61860193][bookmark: _Ref40460641]RP-210918, “Revised WID on support of reduced capability NR devices,” RAN #91-e.
[2] [bookmark: _Ref61878330][bookmark: _Ref79183680]3GPP RAN1 Chairman’s notes, RAN1 #105-e.
[3] [bookmark: _Ref79187246]3GPP TR 38.875, v17.0.0.


Page 2 of 2

