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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:
· 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

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:
· 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
Conclusion:
· RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back
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



The following decisions were made during RAN1 #106-E meeting [3]:
	Agreement
Confirm the following working assumption with the modifications in red:
· 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 via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.

Conclusion
· Whether there is RA-RNTI overlapping issue and how to address RA-RNTI overlapping issue in the early indication of RedCap UEs in Msg1 in Rel-17 is up to RAN2.
Agreement
· Send an LS to RAN2 informing RAN2-related agreements in AI8.6.2 in RAN1#106-e
· FFS details
Conclusion
· There is no consensus in RAN1 on whether to have the access barring indication in DCI scheduling SIB1, and RAN1 can come back if triggered by RAN2.
Agreement
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs
· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs
Above agreement to be incorporated into agreed draft LS R1-2108615
Agreement
         A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2
         Further discuss whether to capture also one or more of the following reduced capabilities to RedCap UE type description
o    Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
o    Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
o    Supports either DL up to 64 QAM or up to 256 QAM for FR1
o    Does not support CA/DC
 Above agreement to be incorporated into agreed draft LS R1-2108615



During the RAN1 #106bis-E meeting, the following decision was made [4].
	Conclusion
It is up to RAN2 for PRACH preamble partitioning for Msg1-based early indication.



[bookmark: _Hlk84009733]In this contribution, following the above objectives and discussions/decisions from last three RAN1 meetings, 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) and on identification of RedCap UE type(s) by the network. 
2 [bookmark: _Ref53792937]Defining a RedCap UE Type in Rel-17

As noted in the introduction, RAN1 agreed that a RedCap UE type is defined based on supported maximum BW with the following capabilities identified for further discussions towards defining RedCap UEs:
o    Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers
o    Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands
o    Supports either DL up to 64 QAM or up to 256 QAM for FR1
o    Does not support CA/DC

From the above list, the first three capabilities are defined for RedCap such that a RedCap UE may optionally support non-RedCap configurations related to number of Rx branches, FD-FDD, and maximum DL modulation order. These are elaborated below:
· 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);
· support of HD-FDD only (i.e., no support of FD-FDD) is optional;
· max DL modulation order of 64QAM, with optional support of 256QAM;
On the other hand, the fourth capability of “NOT supporting CA/DC” is again not unique to RedCap UEs as a non-RedCap UE may also not support CA/DC.
Thus, these features do not contribute to uniquely defining a RedCap UE type unless multiple RedCap UE types are introduced. However, it has been agreed to define a single RedCap UE Type according to the WID. Hence, we conclude that there is no need to consider the above features/capabilities in defining RedCap UEs. However, given the definitive nature of unavailability of CA/DC to RedCap UEs, this aspect could potentially be considered as part of defining Rel-17 RedCap UE type.
Thus, we have the following proposal.
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 and does not support CA/DC.
3 Identification of RedCap UE Type(s) 

With the decisions on 4-step RACH and on support of early identification via Msg3 as agreed by RAN2 (quoted below), the main outstanding issue related to RedCap UE identification is that for 2-step RACH. 
	Agreement from RAN2 #115-e
1. A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)



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 decisions 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.
While RedCap UE identity can be reported in principle using a new LCID in MsgA PUSCH, the solution may not be relied on as an alternative to identification via MsgA preamble part. In particular, 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 according to Rel-16 specifications on 2-step RACH.  

Observation 1:
· For 2-step RACH, new LCID-based indication of RedCap UE via MsgA PUSCH cannot be an equivalent alternative to early identification via MsgA preamble since there can be scenarios wherein the UE may not transmit the MsgA PUSCH and only transmit the MsgA preamble, and the RA procedure falls back to 4-step RACH.
Thus, while it can be left up to gNB configuration whether to use LCID-based indication of RedCap UEs via MsgA PUSCH, specifications should support early identification during MsgA preamble transmissions.
Proposal 2:
· For 2-step RACH, specifications support early identification of RedCap UE during MsgA preamble 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.
4 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) and on identification of RedCap UE type(s) by the network. 
Based on the presented discussion, our views can be summarized via the following observation and proposals.

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 and does not support CA/DC.

On RedCap UE identification:
Observation 1:
· For 2-step RACH, new LCID-based indication of RedCap UE via MsgA PUSCH cannot be an equivalent alternative to early identification via MsgA preamble since there can be scenarios wherein the UE may not transmit the MsgA PUSCH and only transmit the MsgA preamble, and the RA procedure falls back to 4-step RACH.
Proposal 2:
· For 2-step RACH, specifications support early identification of RedCap UE during MsgA preamble 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.
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