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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The WID was further updated in RAN#91e [2], where the higher layer related features are listed as follows. 
	…
· 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] 


Such features are RAN2 leading features, but related to RAN1 signaling. In this contribution, we provide our views on the above higher layer features for RedCap UE. There are some other higher layer aspects in the WID, e.g. eDRX enhancement and RRM relaxation for RedCap UE, but are not discussed here.

Discussion
Definition of RedCap UE Type
From the revised WID, it can be clearly seen that only one RedCap UE type is to be defined. Besides, In RAN1#103e, RAN1 made the following agreements on definition for RedCap UE type:
	Agreements:
· At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Ppending conclusions on the reduced complexity features in AI8.6.1 and RedCap UE identification in AI8.6.5, the definition of the RedCap UE types can be based on one of: 
0. Option 1: All the reduced capabilities recommended at the end of the RedCap study 
0. Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any 
0. Option 3: All the recommended reduced capabilities as well as recommended power saving features 
0. Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
0. FFS for other usages 

Agreements:
·  If early identification during initial access is supported, at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type for RedCap early identification 
· Note: 20 MHz for FR1 and 100 MHz for FR2  
· Identification of UEs optionally supporting bandwidths larger than 20 MHz in FR1 or larger than 100 MHz in FR2 after initial access, if supported, is not supported by early identification during initial access 
· FFS other L1 capabilities 
Note: 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


However, views on UE type definition and capability are not convergent in RAN2, as can be found in the TR 38.875 [5]. Related candidates/options will be further discussed or down-selected during the WI phase. In the last RAN2 meeting (i.e. RAN2#113bis-e), RAN2 focused on the discussion on eDRX enhancement and RRM relaxation. Thus no further outcome from RAN2 can be referred to for RAN1.
On the other hand, L1 capability is important to understand the RedCap device. To some degree, RAN2 is looking for RAN1’s input on the type definition of RedCap UE. We suggest RAN1 to continue the study on RedCap UE type definition, based on the outcome of SI. 
Proposal 1: Down-select one of the following options as the starting point to define RedCap UE type
· 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 
In our view, Option 2 and Option 4 can be further considered for RedCap type definition. Note that Option 4 may include all the features that Option 2 implies. The difference is whether some mandatory features unrelated to RACH procedure will be included in the type definition. Option 4 provides more detailed outline of RedCap L1 capability, while Option 2 keeps the definition in a simplest but workable way. Both Option 2 and Option 4 are considerable as the starting point.
Proposal 2: Take Option 2 or Option 4 as the starting point to define RedCap UE type.
For constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs, they can be further discussed in RAN2 or SA.

Identification of RedCap UE
In RAN1#103e, RAN1has discussed the feasibility, necessity, pros and cons for RedCap UE identification in different stages. The following agreement was reached.
	Agreements:
· [bookmark: _Hlk54817168]As a next step, for the study on the options for RedCap UE identification during RAN1 #103-e meeting, RAN1 to focus on establishing feasibility, necessity, and identifying pros and cons for the following schemes:
· 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.


A number of agreements on feasibility, necessity, pros and cons were reached, and subsequently captured in TR 38.875 [5]. In RAN2#112e, UE identification has been discussed by RAN2, and the following agreements were made:
	Agreements:
1.	Whether it is needed to identify RedCap UEs during Msg3 from RAN2 perspective or not depends on the following two aspects:
-	Whether Msg4/5 special handing for RedCap UE is needed, pending RAN1
-	Whether there is a need to reject part of RedCap UEs in addition to cell barring and UAC mechanism


Also, from RAN2 perspective, there seems no strong motivation to identify RedCap UEs in Msg4 or Msg5, but the final decision is pending on RAN1’s progress. 
In principle, early identification of RedCap UE should be designed to differentiate RedCap UE and non-RedCap UE (i.e. normal UE) only. We do not find strong motivations for a gNB to know the number of Rx branches of a RedCap UE, due to the reasons summarized as follows. Details can be found in our companion paper [6].
· DL coverage is not an issue for Msg2/Msg4 transmission, regardless of the Rx number.
· During the initial access, only single layer transmission is supported, regardless of the Rx number.
· The benefit is marginal even if scheduling optimization is adopted based on different Rx numbers of RedCap UE.
· No need to further divide RO resources for Rx number identification, which have already been divided by many features.
Hence, we suggest early identification of RedCap UE does not consider the number of Rx branches. The number of Rx branches can be reported after the initial access, as has already been agreed in RAN1#104bis-e.
Proposal 3: Early identification of RedCap UE does not consider identifying the number of Rx branches.
Specifically, we think it is beneficial to identify the RedCap UE as early as possible, i.e. during Msg1 transmission. This can help the proper scheduling of Msg2 and Msg3, with potential special competition resolution schemes or more robust MCS. 
Proposal 4: RedCap UE is identified during Msg1 transmission, if early identification is configured.
However, another issue that needs to pay attention is the coexistence with coverage enhancement (CE) UE. For Msg3 coverage enhancement, CE UE also needs early identification, which is possibly done during Msg1 transmission. As also been discussed in our companion paper [7], complicated situation may happen when 4 kinds of UEs may need early identification: CE RedCap UE, non-CE RedCap UE, CE non-RedCap UE, non-CE non-RedCap UE. Hence, early identification of the RedCap UE should jointly consider the identification of CE UE. RAN1 should at least design the early identification mechanism for RedCap UE compatible for CE UE, and vice versa.
Observation 1: RAN1 should design the early identification mechanism for RedCap UE compatible for CE UE.

Access control and cell barring for RedCap UE
In RAN2#113e, RAN2 made the following agreements on access control for RedCap UEs:
	Agreements:
1.	The legacy UAC principle is assumed for RedCap. The details of how RedCap UEs are using access identity(s) and/or access category(s) are to be discussed during normative phase.
2.	Capture following text in 11.2.1 on RRC Connection reject: “To save radio resources and limit negative impact on legacy network performance it is beneficial to bar or reject UEs as early as possible, preferably without additional signalling. Therefore, cell barring and UAC is beneficial compared to RRC connection rejection. However, if the network is aware of the UEs type during initial access, it is possible for the network to reject RRC connection based on the UE type. There is no additional specification impact in case early indication is specified.” 
3.	Capture following text in clause 11.2.2 Analysis of coexistence with legacy UEs:
	“It is possible that separate RACH configuration is provided for RedCap UEs. In such case, it would be possible to configure different RACH parameters to RedCap and non-RedCap UEs, such as different maximum number for preamble transmission, different back-off timer after an attempt or a different power ramping step for RedCap UEs”.
4.	Update the text referring to UAC in clause 11.2.1 in the TR with following: 
”In UAC each access attempt is associated with an Access Category and one or more Access Identities (defined in TS 24.501). The possible solutions for RedCap UAC that have been considered in the study are the following (the options do not need to be mutually exclusive):
	- 	Define one or more RedCap specific Access Identities. Access Identities are connected to the UE type and are (currently) used to lift the barring for certain identities, e.g. for special access classes or UEs configured for prioritized services.
	-	Define RedCap specific Access Categories. Access Categories are related to the type of access attempt and is set per access attempt type depending on what triggered the access (set by NAS if NAS triggered, or by RRC if AS triggered). There can only be one Access Category per access attempt. To be able to treat different RedCap access attempt types differently, e.g. apply different barring to different access types, multiple Access Categories for RedCap could be defined.
	-	Use some of the operator defined Access Categories for RedCap. The description of the previous solution applies also to this solution, the difference is that this solution has no specification impact but cannot be used for initial attach to the network since it depends to CN configuration of the UE.
	-	Broadcast a different set of UAC parameters for RedCap UEs. This makes it possible for NW to flexibly and separately provide UAC parameters for RedCap UEs while avoiding impact on UAC configuration of non-RedCap UEs.
	-	Use existing broadcasted UAC parameters for RedCap UEs with no changes, that is, the same UAC parameters apply for all UEs (non-RedCap UEs and RedCap UEs) and no new Access Categories and Access Identities are defined. This option requires no specification changes.
	UAC is defined in TS 22.261 and TS 24.501, and feasibility of the options (e.g. defining new Access Identities or Access Categories) should be consulted with SA1/CT1.” (15/15)


As can be seem from the above agreements, unified access control (UAC) mechanism will be applied to RedCap UE, but the details are to be discussed during RAN2 normative phase. Also, the WID states that an indication in system information is specified to indicate whether a RedCap UE can camp on the cell. It shall be possible for the indication to be specific to the number of Rx branches of the UE.
In RAN1#104bis-e, it was concluded that RAN1 waits for RAN2 further progress on the issue of access control: 
	Moderator Proposal #5-1: 
· Conclusion: On the issue of access control for Redcap UEs, RAN1 waits for RAN2 further progress and continue discussion in other Redcap agendas starting from RAN1 #105 meeting. 


However, in the last RAN2 meeting, i.e. RAN2#113bis-e, RAN2 group focused on the discussion in eDRX enhancement and RRM relaxation. There was no progress on the access control design. Hence, we suggest RAN1 to wait for RAN2’s further progress on access control for RedCap UEs, considering that RAN2 is the leading group and the complex cell searching/camping mechanism is up to RAN2 determination. 
Observation 2: It is better for RAN1 to wait for RAN2’s further progress on access control for RedCap UEs.
But considering the limited discussion time, RAN1 may start the discussion of access/barring control ahead of RAN2. In this case, it is suggested to avoid reaching any agreements on the detailed signaling design without RAN2’s confirmation. For example, RAN1 may try to reach high-level consensus on possible signaling design directions, and send the conclusions to RAN2 for discussion/decision. For instance, the following features can be considered:
· Pros, cons and feasibility about the different carrying places (e.g. MIB, SIB1, DCI scheduling SIB1) of the system information. 
· Required number of bits of the system information and the reasons, from RAN1’s perspective.
· Interaction with other features, if any. 
We have the following proposal.
Proposal 5: If RAN1 discusses the access control aspects ahead of RAN2, RAN1 can try to reach high level consensus on signaling design and inform the conclusions to RAN2 for discussion/decision.

Conclusion
In this contribution, we provide our view on higher layer related features of RedCap. The observations and proposals are summarized as follows:
Observation 1: RAN1 should design the early identification mechanism for RedCap UE compatible for CE UE.
Observation 2: It is better for RAN1 to wait for RAN2’s further progress on access control for RedCap UEs.
Proposal 1: Down-select one of the following options as the starting point to define RedCap UE type
· 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 
Proposal 2: Take Option 2 or Option 4 as the starting point to define RedCap UE type.
Proposal 3: Early identification of RedCap UE does not consider identifying the number of Rx branches.
Proposal 4: RedCap UE is identified during Msg1 transmission, if early identification is configured.
Proposal 5: If RAN1 discusses the access control aspects ahead of RAN2, RAN1 can try to reach high level consensus on signaling design and inform the conclusions to RAN2 for discussion/decision.
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