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Introduction

The intention of the work item for RedCap is described in the WID [1]  as “specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases of  Industrial wireless sensors, Video surveillance and Wearables”. To make the reduced capability NR device function together with legacy NR,  the work item will discuss how to identify the UE type as part of the following objective  [1]. 

	· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after 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).




From the RedCap study item report [2] the following with regards to UE identification can be read.

	[bookmark: _Toc57144963][bookmark: _Toc57144854][bookmark: _Toc57136504][bookmark: _Toc57127804][bookmark: _Toc57127695][bookmark: _Toc57126748][bookmark: _Toc57126627][bookmark: _Toc56714360][bookmark: _Toc51771112][bookmark: _Toc51768605][bookmark: _Toc40490572]11.1	UE identification
[Editor's Note: This structure of this clause may be modified as it is populated with text proposals from RAN2.]
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.
Option 1: During Msg1 transmission:
Feasibility: Identification of RedCap UE type(s) during transmission of Msg1 could be feasible from the perspective of RAN1, at least for the following solutions:
-	Separation of PRACH resources (e.g., occasions and/or formats) or PRACH preambles between RedCap and non-RedCap UEs
-	Separation of initial UL BWP for RedCap and non-RedCap UEs
The appropriateness of each solution, considering the number of UE type(s) to be indicated, etc., would need further considerations.
Necessity: Early identification of RedCap UE type(s) during transmission of Msg1 may be necessary for:
-	Coverage recovery (including link adaptation) 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 minimum processing times capabilities for PDSCH processing and PUSCH preparation, if relaxations to UE min processing times are defined for N1 and N2
-	Identifying UE capability for UL modulation order for Msg3 and Msg5 scheduling, if relaxations to max UL modulation order (i.e., UL modulation order restricted to lower than 64QAM) are introduced
-	Identifying UE max bandwidth capability for Msg3 and Msg5 scheduling and PUCCH in response to Msg4
Exact necessity depends on outcome of studies on UE cost/complexity reduction and coverage recovery, and the SI on Coverage Enhancements [5].
Pros and cons: The pros and cons listed in Table 11.1.1-1 are identified for identification of RedCap UE type(s) during transmission of Msg1.
Table 11.1.1-1: Pros and cons for identification of RedCap UE type(s) during transmission of Msg1
	Pros
	Cons

	Enables efficient handling of different UE minimum processing times between RedCap and non-RedCap UEs for: minimum timing between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDSCH carrying Msg4 and the corresponding HARQ-ACK feedback; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission, if relaxed UE min processing times are introduced for RedCap UEs.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
	Potential reduction in PRACH user capacity (for the options based on separation of PRACH preambles), impacting both RedCap and non-RedCap UEs respectively, e.g., if the total PRACH resources in the cell is not increased. The exact impact depends on numbers of device type(s)/sub-types/capabilities to be identified and exact details of PRACH preamble partitioning schemes.

	Enables coverage recovery, including link adaptation, for any one or more of: broadcast PDCCH, PDSCH associated with Msg2, PDSCH associated with Msg4, and PUSCH associated with Msg3, if coverage recovery is needed for these channels.
	Potential increase in UL OH from PRACH (for the options based on separation of PRACH resources), impacting both RedCap and non-RedCap UEs.

	The option of configuring separate initial UL BWPs, in addition to the above pros, 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.
	Potential increase in UL OH and complexity in configuration and maintenance of multiple initial UL BWP for the gNB, for the option of configuring separate initial UL BWPs.

	
	The indication mechanisms in this category may be limiting in terms of the number of further sub-types/capabilities within RedCap device type that may be distinguished, if such sub-types/capability indication are introduced.

	
	Higher impact to RAN1 and RAN2 specifications as well as increased SIB signalling OH compared to other options.



Option 2: During Msg3 transmission:
Feasibility: Identification of RedCap UE type(s) during transmission of Msg3 may be feasible from the perspective of RAN1, at least for the following solutions:
-	Using the spare bit in existing Msg3 definition
-	Extending the Msg3 size to carry additional one or more bits, indicating RedCap UE type(s)
The option of carrying identification as part of UCI multiplexed in Msg3 PUSCH was not studied. The appropriateness and feasibility of each solution, considering the number of UE type(s) to be indicated, coverage performance for Msg3, etc., would need further considerations.
Necessity: If early identification of RedCap UE type(s) via Option 1 is not supported, identification of RedCap UE type(s) during transmission of Msg3 may be necessary for coverage recovery (including link adaptation) for one or more of: Msg4 PDCCH/PDSCH, Msg5 PUSCH and associated PDCCH. Exact necessity depends on outcome of studies on coverage recovery and the SI on Coverage Enhancements [5].
Pros and cons: The pros and cons listed in Table 11.1.1-2 are identified for identification of RedCap UE type(s) during transmission of Msg3.
Table 11.1.1-2: Pros and cons for identification of RedCap UE type(s) during transmission of Msg3
	Pros
	Cons

	Enables coverage recovery (if needed) and/or appropriate link adaptation for PDSCH (and associated PDCCH and PUCCH) for Msg4, and scheduling of Msg5.
	If only the spare bit in Msg3 is used, it would consume the single spare bit currently available in Msg3 payload, and this may not be desirable.

	Limited impact to RAN1 specifications if only the spare bit in Msg3 payload is utilized.
	If extended Msg3 size is introduced, mechanisms to enable detection between use of legacy Msg3 and extended Msg3 definitions necessary.

	The option of extending Msg3 size may offer good scalability in the number of bits for such UE identification; e.g., if sub-types of RedCap device types (if defined) are to be indicated in Msg3.
	The option of only using the spare bit in Msg3 scales poorly – limiting to a single-bit indication may not be sufficient if intending to distinguish between further sub-types/capabilities within RedCap device type, if RedCap UE sub-types/capabilities are defined in the context of RedCap UE identification.

	 
	Cannot facilitate additional coverage recovery (including separate link adaptation) for broadcast PDCCH and/or Msg2 PDSCH, and/or Msg3 PUSCH (and associated PDCCH) for RedCap UEs.

	 
	If UE minimum processing times are relaxed, cannot facilitate scheduling with separate minimum timing relationships for RedCap UEs (compared to non-RedCap UEs) between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission. This could result in increased initial access latency for non-RedCap UEs.

	 
	May degrade reliability/coverage of Msg3 in case of increased Msg3 payload size.

	 
	Cannot address the issue where Msg3 is scheduled with a bandwidth/hopping range larger than the maximum RedCap UE bandwidth in the UL initial BWP.



Option 3: Post Msg4 transmission:
Feasibility: Identification of RedCap UE type(s) during transmission of Msg5 or as part of UE capability reporting are feasible options from the perspective of RAN1.
Necessity: If early identification of RedCap UE type(s) via Options 1, 2, or 4 are not supported, then RedCap UE type(s) need to be identified either during transmission of Msg5 or as part of UE capability reporting.
Pros and cons: The pros and cons listed in Table 11.1.1-3 are identified for identification of RedCap UE type(s) during transmission of Msg5 or in UE capability report.
Table 11.1.1-3: Pros and cons for identification of RedCap UE type(s) during transmission of Msg5 or in UE capability report
	Pros
	Cons

	This option of UE capability reporting offers a simple option for indication of RedCap UE type, including possibility of indicating further RedCap sub-types/capabilities if introduced.
	Cannot facilitate additional coverage recovery (if needed) or separate link adaptation for broadcast PDCCH and/or Msg2 and/or Msg4 PDSCH, and/or Msg3 PUSCH for RedCap UEs. Too conservative scheduling and link adaptation for all UEs imply increased system OH for initial access in the initial DL and UL BWPs.

	Limited or no impact to RAN1 specifications.
	If UE minimum processing times are relaxed, cannot facilitate scheduling with separate minimum timing relationships for RedCap UEs between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDSCH carrying Msg4 and the corresponding HARQ-ACK feedback; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission. This could result in increased initial access latency for non-RedCap UEs.

	 
	Cannot address the issue where Msg3 or PUCCH in response to Msg4 or Msg5 is scheduled with a bandwidth/hopping range larger than the maximum RedCap UE bandwidth in the UL initial BWP.









	[bookmark: _Toc57144960][bookmark: _Toc57144851][bookmark: _Toc57136501][bookmark: _Toc57127801][bookmark: _Toc57127692][bookmark: _Toc57126745][bookmark: _Toc57126624][bookmark: _Toc56714357][bookmark: _Toc51771103][bookmark: _Toc51768596][bookmark: _Toc40490565]10.1	Definition of reduced capabilities
[Editor's Note: This structure of this clause may be modified as it is populated with text proposals from RAN2.]
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.




This document discusses and covers the topic of UE identification for redcap devices.  

Discussion
UE Identification
The WID lists three RedCap use cases, Industrial wireless sensors, Video surveillance and Weaurables. Additionally, the WID objective defines complexity reduction features that impact how the UE operates affecting e.g. operating bands (at least FR1/FR2), the maximum bandwidth, number of Rx branches, MIMO layers, modulation order, duplex operations, coverage recovery / enhancement etc. Covering all uses cases and their different parameter settings with one UE type might be difficult. Therefore, it might be better to identify more UE types than just differentiating between RedCap UEs and non-RedCap UEs. 

Proposal 1: 	UE identification should support identification of multiple UE types and not only RedCap or non-RedCap UEs

The RedCap study item report [2] shows several options for UE identification. Options 1, 2 and 3 are listed with pros and cons (option 4 is down prioritized). It is observed that all options have their pros and cons and none is perfect in all aspects. The pros and cons are condensed in a decision matrixin Table 1. The “empty” cells from the report (where nothing was directly noted in study item report [2]) are further filled in with how Sony interprets the pros and cons list to make the table more complete and clear. 

[bookmark: _Ref61386906]Table 1 Decision matrix of Options from RAN1 study item report [2], Green = Pros, Red= Cons. 
	KPI
	Option 1 (Msg 1)
	Option 2 (Msg 3)
	Option 3 (Msg 5)

	Processing times between RedCap / non-RedCap UEs 
	Enables efficient handling of different UE type with minimum processing times
	Cannot facilitate scheduling with separate minimum timing relationships. => Increased initial access latency of non-redcap UE
	Cannot facilitate scheduling with separate minimum timing relationships. => Increased initial access latency of non-redcap UE

	Coverage recovery for broadcast PDCCH and/or Msg2 PDSCH, and/or Msg3 PUSCH
	Enables coverage recovery and link adaptations
	Cannot facilitate additional coverage recovery or separate link adaptation => increased system OH for initial access in the initial DL and UL BWPs.
	Cannot facilitate additional coverage recovery or separate link adaptation => increased system OH for initial access in the initial DL and UL BWPs.

	Coverage recovery  and link adapt. for PDSCH and associated PDCCH and PUCCH (for Msg4, and scheduling of Msg5.
	Enables coverage recovery and link adaptations
	Enables post Msg 3 coverage recovery and link adaptations
	Cannot facilitate additional coverage recovery or separate link adaptation => increased system OH for initial access in the initial DL and UL BWPs.

	Separate initial BWP + Address congestion 
	Supports both a separate initial BWP and thereby addresses congestion 
	Not supported - congestion restricted to the mandatory required BW for Red Cap UEs in the band/FR.
	Not supported - congestion restricted to the mandatory required BW for RedCap UEs in the band/FR.

	PRACH user capacity
	With PRACH separation of preambles, impacting both RedCap and non-RedCap.  Impact depends on numbers of device type(s)/sub-types/capabilities preamble partitioning schemes
	No PRACH capacity impact
	No PRACH capacity impact

	UL OH from PRACH separation or UL BWP
	For separation of PRACH resources, impacting both RedCap and non-RedCap UEs and for complexity in configuration and maintenance of multiple initial UL BWP for the gNB, for the option of configuring separate initial UL BWPs. 
	For conf. and maintenance of multiple initial UL BWP in gNB
	No impact since separate initial UL BWP not supported

	Nbr of sub-types/capabilities 
	Limited number of types
	Multiple nbr of types only if extended number of bits
	Not really a restriction in number of types

	SIB signaling OH
	More SIB signaling OH compared to other options.
	Limited additional SIB signalling overhead
	Limited additional SIB signalling overhead

	Standard impact
	Highest impact to RAN1 and RAN2 specifications 
	Impact if multiple types are to be supported. 
Limited impact to RAN1 specifications if only the spare bit in Msg3 payload is utilized.
	Impact to RAN2 specifications

	Freq hopping of Msg3 / PUCCH (Msg 4, Msg5)
	Can address hopping
	Cannot address the issue where Msg3 is scheduled with a bandwidth/hopping range larger than the maximum RedCap UE bandwidth in the UL initial BWP.
	Cannot address the issue where Msg3 or PUCCH in response to Msg4 or Msg5 is scheduled with a bandwidth/hopping range larger than the maximum RedCap UE bandwidth in the UL initial BWP.

	Msg 3 spare bits
	No spare bit used
	Last one used if only RedCap/non-Redcap is identified. (Extended bits needed if multiple UE types should be indicated)
	No spare bit used



UE identification done as early as possible i.e. as part of Msg1 is beneficial in several aspects but as noted in the RedCap study item report [2], there also are drawbacks, such as limitations in e.g. the number of supported UE types and degradation of PRACH  user capacity. Therefore, if Msg1 should be used for UE Identification, the number of UE types identified by Msg1 should be restricted to the minimum needed for supporting an efficient initial access (avoid degrading the non-RedCap performance). Also, if Msg3 is used for identification of multiple UE types, a higher number of Msg3 bits are needed, which will have RAN2 impact.  

[bookmark: _Toc61472573]Observation 1: 	Neither of Option 1, Option 2 nor Option 3 is attractive as stand-alone solutions if multiple UE types are supported.

This leads us into thinking about a combination of options into a multi-step option. Additionally?, in the RedCap study item report [2], it is mentioned that at least the maximum supported UE BW is included in the set of L1 capabilities for RedCap early identification. There is also a note saying that it does not preclude the case where early identification only indicates if it is a RedCap type or any specific type of a multiple redcap types. We see that those kinds of basic UE types could be identified with a first identification phase providing good enough functionality for initial access.  E.g. combining the earliest identification of Option 1 with the latest and most flexible Option 3. By letting Msg1 identify the initial UE redcap type or non-RedCap type and set pre-agreed (between UE and NW) or initial/default parameters for the identified UE type to be used during initial access. Then when Msg5 or the capability signalling after Msg5 is received, the UE type and its parameters is refined/changed. The pros and cons of such a solution are listed in Table 2. We can see that such a combination of options overcomes most of the drawbacks of the individual options at the cost of some overhead and complexity. 

[bookmark: _Ref61386914][bookmark: _Ref61640714]Table 2 - Decision matrix of combination of using Option 1 together with Option 3
	KPI
	Option 1 + Option 3

	Different proc. times between RedCap / non-RedCap UEs 
	Same as for Option 1. It enables efficient handling of different UE minimum processing times

	Coverage recovery for broadcast PDCCH and/or Msg2 PDSCH, and/or Msg3 PUSCH
	Same as for Option 1. Enables coverage recovery and link adaptations

	Coverage recovery for PDSCH (and associated PDCCH and PUCCH) for Msg4, and scheduling of Msg5.
	Same as for option 1. Enables coverage recovery and link adaptations

	Address congestion (if congestion may occur) in the initial UL BWP
	Same as for option 1. Supports a separate initial BWP and thereby avoid address congestion

	PRACH user capacity
	Similar as option 1 but fewer types need to be supported by PRACH since option 3 is also there. Gives less impact on PRACH user capacity.

	UL OH from PRACH separation or UL BWP
	Same as option 1. For separation of PRACH resources, impacting both RedCap and non-RedCap UEs and for complexity in configuration and maintenance of multiple initial UL BWP for the gNB, for the option of configuring separate initial UL BWPs.

	Nbr of sub-types/capabilities 
	Same as option 3 – no real restriction in types. Type signalled partly by PRACH and partly by Msg5.

	SIB signaling OH
	Same as option 1. More SIB signaling OH compared to other options.

	Standard impact
	As option 1 + option 3

	Freq hopping of Msg3 / PUCCH (Msg 4, Msg5)
	Same as option 1. Can address the hopping issue

	Msg 3 spare bits
	Same as option 1 and 3. No extension of Msg3 bits


 
Observation 2: 	With a combination of options more UE types can be supported at the same time as there are less restrictions to both non-redcap and redcap UEs.

An initial identification of the UE type and its parameters will enable many of the system features, discussed in the tables of pros and cons above, to be supported, such as coverage recovery for the latter parts of initial access, address congestion with the use of a separate BWP etc. Then by utilizing a second phase of updating the UE type and its associated parameters, the full set of parameters for complete UE functionality may be refined covering e.g the different use case specific requirements listed in the WID [1] or any sub-versions thereof. In the end the pros and cons of the combined  method in Table 2 look much more appealing than the stand-alone options of Table 1.

Proposal 2: 	Let an initial UE type be identified by a first identification (e.g. PRACH/Msg1) and let later signaling (e.g. Msg5 or capability signalling) refine/change the UE type and its parameters.
Conclusions
This document has condensed and discussed the UE Identification pros and cons from the RedCap Study Item report [2] and has made the following observations and proposals.

Observation 1: 	Neither of Option 1, Option 2 nor Option 3 is attractive as stand-alone solutions if multiple UE types are supported.
Observation 2: 	With a combination of options more UE types can be supported at the same time as there are less restrictions to both non-redcap and redcap UEs.
Proposal 1: 	UE identification should support identification of multiple UE types and not only RedCap or non-RedCap UEs
Proposal 2: 	Let an initial UE type be identified by a first identification (e.g. PRACH/Msg1) and let later signaling (e.g. Msg5 or capability signalling) refine/change the UE type and its parameters.
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