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1. Introduction
In RAN#90-e meeting, new WID on support of reduced capability NR devices was approved with the following objectives [1]: 
	This WI has the following objectives: Additional objectives may be added in RAN#91e based on the finalization of the RAN2 part of the RedCap SI.
· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· [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).
· Specify RAN4 core requirements for the above. 
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



As highlighted by yellow, there are some remaining topics to be discussed at RAN#91-e. This contribution provides our views on the above topics for updating WI scope.


2. Updated WI scope
2.1. Optional UE BW after initial access for FR1
As stated in the latest WID, for frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the specification supports 2 Rx antenna ports for a RedCap UE. For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, as mentioned in Section 1, it has not been decided whether the specification supports 1 Rx antenna port for a RedCap UE, while for both options it is assumed to support at least 2 Rx antenna ports. Therefore, for both FR1 FDD and TDD, 2 Rx antenna ports would be supported. From peak data rate perspective, the combination of 20 MHz UE BW and 2 DL MIMO layers is enough for meeting the requirements for the RedCap use cases as captured in TR 38.875. On the other hand, it is not necessary to preclude optional capability of the maximum bandwidth larger than 20 MHz after initial access as long as no additional specification impact is foreseen (i.e., optional support of existing UE BW in TS 38.101-1). Moreover, as captured in draft TR 38.875 v1.1.0 [2] as follows, details of mandatory/optional capabilities should be discussed in WI phase.
	The study of reduced capability signaling framework can be summarized as follows:
-	The studied alternatives and options for RedCap UE type definition and categorization of RedCap capabilities are captured in clause 10.1. Down-selection can be discussed further during WI phase.
-	At least for device type identification and possibly for constraining the use of reduced capabilities, the network needs to know whether the UE is RedCap UE or not. 
-	As a baseline, the existing UE capability framework is used to indicate the capabilities of RedCap UEs. 	
-	The capabilities for RedCap UEs can be categorized as mandatory capabilities, which all RedCap UEs support, and possible optional capabilities, signaled explicitly. 
-	The final categorization of capabilities into the studied categories depends on the exact capabilities applicable to RedCap UEs, to be defined during the WI phase.
-    The network should be able to control that the RedCap UEs are only used for the intended use cases, the studied solutions are listed in clause 10.2.  



Therefore, it would be enough to discuss whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access during the WI phase.
Proposal 1:
· Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access is discussed during the WI phase

2.2. Minimum number of Rx antenna ports for FR1 TDD
As mentioned above, for frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1, while for frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx antenna ports supported by specification for a RedCap UE has not been decided and will be decided at RAN#91-e. Considering the specification/NW impacts for coverage recovery for 1 Rx antenna port with antenna efficiency loss (PDCCH CSS and Msg4 in addition to Msg 2, Msg 3, and PUSCH) compared to 2 Rx antenna ports with antenna efficiency loss (Msg 2, Msg 3, and PUSCH), our first preference is to support 2 Rx antenna ports for these bands. However, as pointed out by some companies in RAN#90e [3, 4], it would be true that enough antenna separation is not possible and high antenna correlation is expected for these bands for wearables due to small-form factor. In our understanding, 3dB antenna efficiency loss is not necessary to be considered when 1 Rx antenna port is assumed. Therefore, we are fine with 1 Rx antenna port as a compromised proposal if 3dB antenna efficiency loss is not necessary to be considered. In this case, PDCCH CSS, Msg3, Msg4, and PUSCH are not the channels for coverage recovery and only Msg2 is considered for coverage recovery, where existing TBS scaling can be applied.
Proposal 2: 
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, support one of 2 Rx antenna ports or 1 Rx antenna port without 3dB antenna efficiency loss for RedCap UEs


2.3. Power saving
Based on RAN2 analysis in the SI phase, an extension of eDRX cycle beyond 10.24 seconds in RRC_IDLE and RRC_INACTIVE for REDCAP UEs is beneficial for the following purposes. 
· For Rel-17 SDT (small data transmission) e.g. for use cases with periodic uplink data with periodicity > 10.24 seconds.
· Signaling reduction (less RRC signaling)
Also, if the eDRX cycle is beyond 10.24 seconds, the paging monitoring mechanism needs to be enhanced to include H-SFN, PH and PTW, which could be similar with LTE.
Proposal 3: 
· Discuss and specify extended eDRX cycle and the related paging monitoring mechanism

In addition, RRM relaxation for stationary RedCap UEs is also beneficial for power saving. Especially, RRM relaxation for neighbouring cell in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED has been substantially studied in SI. Thus, the following is proposed:
Proposal 4: 
· Discuss and specify enhancement of neighbour cell RRM relaxation.


2.4. Coverage recovery
As captured in TR38.875 and also discussed in Section 2.2, coverage recovery is necessary for Msg2 in FR1 TDD (2Rx with 3dB antenna efficiency loss or 1Rx without 3dB antenna efficiency loss) and Msg3 and PUSCH in FR1 FDD and potentially in FR1 TDD (2Rx with 3dB antenna efficiency loss). For Msg2, existing TBS scaling can be used for coverage recovery if RedCap UE identification is carried out during Msg1 transmission, and no additional specification work is necessary. For Msg3, repetitions with frequency hopping can be considered for coverage recovery and can be discussed in CovEnh WI. Similarly, for PUSCH, increasing the maximum number of repetitions, counting the number of repetitions based on available UL slots, TB processing over multi-slot PUSCH, and joint channel estimation can be considered for coverage recovery and can be discussed in CovEnh WI. Hence, no dedicated work in RedCap WI would be necessary.
Proposal 5: 
· Discuss and specify coverage recovery mechanisms for Msg 3 and PUSCH in CovEnh WI.


2.5. Reduced capability signalling framework
As summarized in the TR38.875, RedCap UE capability can be categorized as minimum mandatory capabilities and optional capabilities. Generally, there are following two alternatives to define and signal RedCap UE capabilities to the network. 
· Alt1: Define RedCap UE capabilities requirement (mandatory or optional that are different from non-RedCap UE) on each of existing capabilities. New UE capability signalling for RedCap UE could be defined if necessary.
· Alt2: Define separate capabilities and corresponding requirement (mandatory or optional) for RedCap UE
Since Alt2 is more straightforward, the following is proposed.
Proposal 6: 
· Specify separate capabilities and corresponding requirement (mandatory or optional) for RedCap UE


2.6. Constraining of reduced capabilities
In order to ensure that the RedCap UEs are only used for intended use case, the following solutions are summarized in the study phase. 
· RRC Rejected based approach
· Subscription validation by core network
· Verification of RedCap UE based on UE capability
Since all the options above are useful for different use cases and beneficial for operators to manage the service and resources intended for RedCap UEs, so it is proposed as following:
Proposal 7: 
·  Discuss and specify the following solutions for constraining the RedCap UEs.
· RRC Reject based approach, subscription validation, verification of RedCap UE, etc.


2.7. UE identification
As discussed in Section 2.4, coverage recovery for Msg2/3 is necessary. Also, network needs to reject connection establishment in Msg2/4 if the UE is identified as not validated or allowable for access. Hence, RedCap UE has to be identified before Msg2/3 is scheduled. As captured in the TR, early identification during Msg1 is necessary for the purpose and should be supported for RedCap UEs.
Proposal 8:
· Specify early identification during Msg1 transmission for RedCap UEs
2.8. Access restriction
For RedCap UE access restrictions, the following approaches are summarized in TR 38.875.
· RACH back off 
· Cell baring (implicit or explicit indication in SIB)
· Unified access control (RedCap UE specific Access Indeities/Categories)
· RRC Reject/RRC release
Since all the solutions above are useful for different restriction use cases and beneficial for operators to control RedCap UE’s access, thus the following is proposed.
Proposal 9:
· Discuss and specify access restriction function including RACH back off, RRC Reject, RRC release, UAC, baring indication in system information.


3. Conclusion
This contribution provided our views on the above leftovers and WID scope corresponding to RAN1 part. Following proposals are made:
Proposal 1:
· Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access is discussed during the WI phase
Proposal 2: 
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, support one of 2 Rx antenna ports or 1 Rx antenna port without 3dB antenna efficiency loss for RedCap UEs
Proposal 3: 
· Discuss and specify extended eDRX cycle and the related paging monitoring mechanism
Proposal 4: 
· Discuss and specify enhancement of neighbour cell RRM relaxation.
Proposal 5: 
· Discuss and specify coverage recovery mechanisms for Msg 3 and PUSCH in CovEnh WI.
Proposal 6: 
· Specify separate capabilities and corresponding requirement (mandatory or optional) for RedCap UE
Proposal 7: 
·  Discuss and specify the following solutions for constraining the RedCap UEs.
· RRC Reject based approach, subscription validation, verification of RedCap UE, etc.
Proposal 8:
· Specify early identification during Msg1 transmission for RedCap UEs
Proposal 9:
· Discuss and specify access restriction function including RACH back off, RRC Reject, RRC release, UAC, baring indication in system information.
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