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Introduction
The study item on support of reduced capability (i.e. RedCap) NR devices was completed in RAN1 [1] in RAN1#103-e. The first version of the work item was approved in the last RAN plenary [2]. Further, the study item in RAN2 was also completed in RAN2#113-e [3], and subsequently the TR 38.875 [4] and WID are expected to be updated.
In this paper, we provide our views on the open issues of RedCap WI based on RAN1 and RAN2’s study. 
[bookmark: _Hlk528931115]Discussion
According to the WID [2], there are several aspects which need to be discussed in RAN plenary, as highlighted in cyan in the following tables:
· Optional support of a wider bandwidth up to 40MHz after initial access in FR1
	· 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


In our view, a bandwidth of 20 MHz has already satisfied the typical data rates in the target scenarios. There is no strong motivation to support a bandwidth larger than 20 MHz, which also lacks sufficient evaluation of complexity reduction. Besides, restricting the bandwidth does not mean that a UE category is defined. Otherwise, RAN1 has already defined ‘RedCap category’ in FR2, where the maximum bandwidth of RedCap UE is strictly 100 MHz. Hence we suggest not to support a bandwidth wider than 20 MHz after initial access in FR1, at least for Rel-17.
Proposal 1: For FR1, a bandwidth larger than 20 MHz after initial access is not supported for RedCap UE in Rel-17.
· The minimum number of Rx branches supported by specification in legacy 4 Rx bands
	· 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.
· 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.


Reduction of minimum number of UE Rx branches will lead to degradation of system DL performance, as has been confirmed in TR 38.875 [4]. To guarantee the network performance, reduction of number of Rx branches from 4 to 1 is not desired. However, it is recognized that there is a strong motivation from UE perspective to support 1 Rx considering that it is difficult to equip with 2 Rx branches in some kinds of RedCap UEs, e.g. smart watches due to small form factor. 
A possible compromised solution is to determine the minimum number of Rx branches on a per band basis. If a particular operator would like to serve a RedCap UE with Rx=1 in its band(s), then the minimum number of Rx branches can be 1 in such band(s). Similarly, the minimum number of Rx branches cannot be 1 in a band if the corresponding operator(s) have no interest to serve a RedCap UE with Rx=1. In this regard, discussion and support from operators and RAN4 are required.
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, the minimum number of Rx branches supported by specification for a RedCap UE is determined on a per band basis.
· eDRX
In [5], the RAN2 endorsed TPs were provided, where conclusions regarding the power saving studies for RedCap has been included. We therefore suggest these are taken into account in potential updates to the RedCap WID. 
The following has been captured in [5] for extended DRX in RRC_INACTIVE and/or RRC_IDLE 
	The study of UE power saving on extended DRX in RRC_INACTIVE and/or RRC_IDLE can be summarized as follows:
-    Extended DRX for RedCap UEs for RRC_IDLE and RRC_INACTIVE have been studied. The study includes analysis of UE power saving, possible upper and lower bounds for eDRX cycles and study of possible mechanisms for eDRX for RedCap UEs in clauses 8.3.1-8.3.4.
-     The upper bound for DRX cycles and shorter eDRX values than 5.12 seconds, i.e. 2.56 seconds have been studied and options are discussed in clause 8.3.3.
-     Solutions for PTW and eDRX cycle configuration and which node should configure the eDRX cycle for RRC_INACTIVE have been studied and solutions are captured in clause 8.3.4.
Based on the study of UE power saving on extended DRX, the following are recommended from RAN2 perspective, where feasibility is to be confirmed with SA2 and/or CT1:
-    The applicable parts of eDRX mechanisms for LTE, including use of H-SFN, PH and PTW are expected to be re-used for RedCap UEs.
-    It is recommended that for eDRX cycles below and equal to 10.24 seconds PTW and PH is not used and that common design for handling eDRX cycle equal to 10.24 seconds in RRC_IDLE and RRC_INACTIVE is specified.
-    It is recommended eDRX cycles in RRC_IDLE are extended up to 10485.76 seconds, unless RAN4 indicates such eDRX value requires UE to perform RRM on serving cell outside PTW.
-    It is recommended eDRX cycles in RRC_INACTIVE are extended > 10.24 seconds.


Based on the above conclusion, we propose to add eDRX for RRC_INACTIVE and RRC_IDLE to the WID, with some notes to well reflect the SI output. 
Proposal 3: The following objective is included in RedCap WID on eDRX
· Specifiy eDRX cycles up to 10485.76 seconds for RRC_IDLE, and eDRX cycles beyond 10.24 seconds for RRC_INACTIVE.
· The applicable parts of eDRX mechanisms for LTE, including use of H-SFN, PH and PTW are expected to ‎be re-used for RedCap UEs.‎
· ‎For eDRX cycles below and equal to 10.24 seconds PTW and PH is not used and ‎that common design for handling eDRX cycle equal to 10.24 seconds in RRC_IDLE and RRC_INACTIVE ‎is specified.‎
· The exact eDRX cycle upper bound for RRC_INACTIVE is to be decided in the normative phase.
Note 1: eDRX cycles in RRC_IDLE are extended up to 10485.76 seconds, unless RAN4 indicates such eDRX value ‎requires UE to perform RRM on serving cell outside PTW.
Note 2: The feasibility of the extended DRX is subject to confirmation with SA2 and/or CT1. 
· RRM relaxation
Besides, the following has been captured in [5] on RRM relaxation
	The study of UE power saving on RRM relaxation for stationary UEs can be summarized as follows:
-    RRM relaxation for RedCap UEs has been studied. The study includes the definition of the possible RRM relaxation triggers and the candidate RRM relaxation methods for stationary UEs in clauses 8.4.2 and 8.4.3.
-     It is recommended that enabling or disabling RRM relaxation should be under network's control.
-     RAN4 should be consulted on feasibility of any RRM relaxation methods which are to be defined.  
-    RRM relaxation has been studied for all the RRC states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED) and both for neighbour cell and for serving cell measurements.
-     For RRC_CONNECTED, it is recommended that UEs which are fixed or immobile are considered with higher priority compared to UEs which are slightly moving.
-    Irrespective of RRC state, serving cell RRM relaxation for RedCap UEs is not recommended to be specified.


Although there is no clear recommendation regarding the prioritization between neighbor cell RRM relaxation in RRC_INACTIVE/RRC_IDLE and RRC_CONNECTED, there has been a great majority’s view that RRC_CONNECTED‎ should be put to lower priority due to the following reasons:
· The power saving is quite limited, since the RRC_CONNECTED duration for RedCap UEs is not long. 
· Even in RRC_CONNECTED, UE power consumption on RRM is not a major component. 
· The network can reduce the RRM measurement objects via dedicated signaling without specification impact. 
Therefore we have the following proposal. 
Proposal 4: The following objective is included in RedCap WID on RRM relaxation for stationary UEs ‎
· Specifiy neibhbour cell RRM relaxation for stationary (i.e., fixed or slightly moving) UEs 
· ‎Enabling or disabling RRM relaxation should be under network's control.‎
· [bookmark: _GoBack]RRM relaxation for ‎RRC_IDLE/RRC_INACTIVE is prioritized, while RRC_CONNECTED is with lower priority and it can be further supported if time allows in the normative phase. 
· For RRC_CONNECTED, it is recommended that UEs which are fixed or immobile are considered with ‎higher priority compared to UEs which are slightly moving.‎
Note: RAN4 should be consulted on feasibility of any RRM relaxation methods which are to be defined.  ‎
Conclusion
In this paper, we provide our views on the open issues of RedCap WI. The proposals are summarized in the following: 
Proposal 1: For FR1, a bandwidth larger than 20 MHz after initial access is not supported for RedCap UE in Rel-17.
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, the minimum number of Rx branches supported by specification for a RedCap UE is determined on a per band basis.
Proposal 3: The following objective is included in RedCap WID on eDRX
· Specifiy eDRX cycles up to 10485.76 seconds for RRC_IDLE, and eDRX cycles beyond 10.24 seconds for RRC_INACTIVE.
· The applicable parts of eDRX mechanisms for LTE, including use of H-SFN, PH and PTW are expected to ‎be re-used for RedCap UEs.‎
· ‎For eDRX cycles below and equal to 10.24 seconds PTW and PH is not used and ‎that common design for handling eDRX cycle equal to 10.24 seconds in RRC_IDLE and RRC_INACTIVE ‎is specified.‎
· The exact eDRX cycle upper bound for RRC_INACTIVE is to be decided in the normative phase.
Note 1: eDRX cycles in RRC_IDLE are extended up to 10485.76 seconds, unless RAN4 indicates such eDRX value ‎requires UE to perform RRM on serving cell outside PTW.
Note 2: The feasibility of the extended DRX is subject to confirmation with SA2 and/or CT1. 
Proposal 4: The following objective is included in RedCap WID on RRM relaxation for stationary UEs ‎
· Specifiy neibhbour cell RRM relaxation for stationary (i.e., fixed or slightly moving) UEs 
· ‎Enabling or disabling RRM relaxation should be under network's control.‎
· RRM relaxation for ‎RRC_IDLE/RRC_INACTIVE is prioritized, while RRC_CONNECTED is with lower priority and it can be further supported if time allows in the normative phase. 
· For RRC_CONNECTED, it is recommended that UEs which are fixed or immobile are considered with ‎higher priority compared to UEs which are slightly moving.‎
Note: RAN4 should be consulted on feasibility of any RRM relaxation methods which are to be defined.
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