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In the 3GPP Rel-17 work item for reduced capability (RedCap) devices [1], the objectives include specifying support for a handful of UE complexity reduction features, and the corresponding higher layer support:
· 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]
In RAN1#105, discussions were made regarding early indication, 2-step RACH, UE type and capabilities. While several agreements were reached and an LS sent, there were some working assumptions and topics not concluded / agreed. This contribution discusses the working assumptions and provides proposals.
Discussion
Early indication
In RAN1#105, the following working assumption and conditional agreement were made regarding early indication [3].
	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



Some problems of RedCap UEs that can benefit from early indication include 
· The PUSCH can be located anywhere in the initial UL BWP for non-RedCap UEs, and frequency hopping may be configured with the offset exceeding the maximum bandwidth of a RedCap UE. 
· The frequency offset for PUCCH resources may exceed the maximum bandwidth of a RedCap UE (response to Msg4)
· Addressing DL performance loss due to a reduced number of Rx branches (affecting PDCCH and PUSCH). It was noted in [2] that the reduction of Rx branches shifts the operating point of the RedCap UE. In some instances, if the operating point (or received signal quality) is acceptable, early indication may be unnecessary for the UE.
Some observations regarding potential means for early indication as a function of initial UL BWP for non-RedCap UEs are presented in Table 1.
[bookmark: _Ref78356992]Table 1. Potential means for early indication in Msg1 as a function for initial UL BWP size for non-RedCap UEs
	Early indication
	Size of initial UL BWP for non-RedCap UE  max BW of RedCap UE
	Size of initial UL BWP for non-RedCap UE > max BW of RedCap UE

	Separate PRACH occasion for RedCap UEs
	· Can identify UEs with DL performance loss
	· Can identify UEs with DL performance loss
· Allows network to schedule PUSCH within max BW of RedCap UE
· PRACH occasions located within max BW of RedCap UE

	PRACH preamble partitioning for RedCap UEs
	· Can identify UEs with DL performance loss
	· Can identify UEs with DL performance loss
· Allows network to schedule PUSCH within max BW of RedCap UE
· Allows sharing of PRACH occasions
· Must ensure PRACH occasions are located within max BW of RedCap UE

	Separate initial UL BWP for RedCap UEs
	· Can identify UEs with DL performance loss
	· May require a separate CORESET if PRACH occasions for RedCap and non-RedCap UEs are aligned in time

	None
	· Reuse non-RedCap UE UL BWP configuration
	· Unclear UE behavior

	Notes
	· RO, PUSCH and PUCCH are located within max BW of RedCap UE
	· 



The table shows that supporting early indication requires additional work to ensure correct operation when the size of initial UL BWP for non-RedCap UE > max BW of RedCap UE. Since further discussion is needed for the details of the various means of early indication, it may not be possible to select the means for early indication in this meeting.
The working assumption can be confirmed. There can be more design options / implementation options available using Msg1 for early indication. In addition, the framework for Msg1 early indication can be extended if a RedCap UE supports other features that depend on Msg1.
Proposal 1: Confirm the working assumption “for 4-step RACH, support the early indication of RedCap UEs at least in Msg1”.
Another agreement reached in RAN1#105 is regarding 2-step RACH is presented below [3]. 
	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



While 4-step RACH is prioritized, it is noted that several observations in Table 1 can be applicable to 2-step RACH. Additional considerations for MsgA PUSCH include whether the timing between MsgA and MsgA PUSCH, provided by msgA-PUSCH-TimeDomainOffset as the number of slots from the PRACH slot, is sufficient given the bandwidth of the RedCap UE. For RedCap UEs, there may be a minimum time needed for frequency shifting [if necessary] between the transmissions of MsgA and MsgA PUSCH. 
UE type / Capabilities
A working assumption reached in RAN1#105 is regarding types is presented below [3].
	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



As noted in [4], these Options (Options 2 and 4) were agreed in the study phase, not in the normative phase. These options predate the WID decision to have only one RedCap UE type and that the definition of UE type is done using the existing UE capability framework, so the Options themselves are not so clear. 
We suggest again that we should be focusing per the WID on the FG structure, and what we are going to say in the basic feature group for a RedCap UE type (one for FR1 and one for FR2). There may be just one basic FG for a RedCap device (or one per FR), and then a set of other dependent FGs that can handle any necessary differences with non-RedCap UEs (e.g., since 256QAM is optional we may need capability signaling for it) or between RedCap devices (e.g., number of Rx branches or MIMO layers). 
Most likely this basic FG will be similar to Option 4, which we could take as a working assumption, so we do not have to discuss updating the definition of the option. 
Proposal 2: Modify the working assumption for the definition for RedCap UE type to focus only on Option 4.
Based on discussions, agreements, and working assumptions over several meetings, it appears likely that the minimum set of reduced capabilities includes reduced bandwidth and a reduced number of Rx branches.
This proposal in the FL summary had agreement from most companies [4].
	Medium Priority Proposal 5-1:
· For the necessary updates of UE capabilities, current definition of mandatory/optional support of L1 UE capabilities in TS38.306 is reused for RedCap UEs by default unless any update is identified
· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs



This approach makes sense from a practical perspective: there are over 700 capabilities listed in 38.306, including those related to CA, DC, and wider max UE bandwidth. To re-evaluate all is not realistic. 
Proposal 3: Agree to the proposal “current definition of mandatory/optional support of L1 UE capabilities in TS38.306 is reused for RedCap UEs by default unless any update is identified”.

[bookmark: _Ref129681832]Conclusion
In this contribution, we provide proposals regarding the working assumptions and open items.
Proposal 1: Confirm the working assumption “for 4-step RACH, support the early indication of RedCap UEs at least in Msg1”.
Proposal 2: Modify the working assumption for the definition for RedCap UE type to focus only on Option 4.
Proposal 3: Agree to the proposal “current definition of mandatory/optional support of L1 UE capabilities in TS38.306 is reused for RedCap UEs by default unless any update is identified”.
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