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Abstract: This document discusses the system level impact of REDCAP.
1. Introduction
The Study Item “Study on support of reduced capability NR devices (FS_NR_redcap)” (RP-201386) of RAN WG has studied the UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve at least these three use cases, Industrial wireless sensors, Video Surveillance and Wearables.
The main objectives of the REDCAP are as following:
· Identify and study potential UE complexity reduction features;
· Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use case;
· Study functionality that will mitigate or limit any performance degradation of such complexity reduction;
· Study standardization framework and principles for how to define and constrain such reduced capabilities;
· Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired.
With the current progress in RAN1 and RAN2 WGs, some system level impact of REDCAP for SA2 is foreseen. It is necessary to consider how to support the RedCap UE access to the 5GC in Release 17. 
This paper highlights the study progress of REDCAP in RAN WGs as well as the system level impact for SA2, and proposes to consider how to organize the work of REDCAP in SA2 as early as possible.
2. Discussion
2.1 Framework and principles for RedCap
Regarding to the definition of the RedCap UE types, the following agreements were achieved in RAN1 #103E meeting (R1-2100001): 
	· 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
· FFS for other usages.


To support the RedCap UE access to 5GC, the definition of RedCap UE types also needs to be discussed in SA2, e.g. the minimum set of the reduced core network capabilities that one RedCap UE type shall mandatorily support. The requirements of the three use cases shall be considered, including Industrial wireless sensors, Video Surveillance and Wearables.
Observation 1: The definition of RedCap UE types needs to be discussed in SA2, e.g. the awareness of the UE types and the minimum set of the reduced core network capabilities that the RedCap UE types shall mandatorily support.
2.2 Constraining of RedCap UE
Regarding to how to ensure the RedCap UE is only used for intended use cases, the following 4 potential solutions are considered in the SI phase (R2-2100001). The decision which way to go will be made in WI phase and if needed based on consultation with other groups (e.g. SA2, CT1).
-	Option 1: RRC Reject based approach
	One potential problem could be when a RedCap UE requests a service that does not match the RedCap UE type. This would be similar to if e.g. an NB-IoT UE requested a video call to be set up. RAN can already reject an RRC connection establishment attempt e.g. based on the establishment cause provided in Msg3 or through higher layer mechanisms.
	RAN can reject an RRC connection establishment attempt for a RedCap UE if the service the UE requested is not allowed for the RedCap UE. That is, the RAN needs to identify whether the UE is a RedCap UE or not, and be aware of the requested service, e.g. based on the cause value or other ways. 
-	Option 2: subscription validation
	During RRC connection setup, UE indicates it is a RedCap UE to core network, e.g. 
	• UE includes this indication in its NAS signaling message to core network; or
	• UE informs this indication during its RRC connection establishment procedure to RAN; RAN then informs core network of UE’s RedCap type in its Initial UE Context message to core network.
	After network receives UE’s RedCap indication, it validates UE’s indication against its subscription plan, which includes information such as the set of services allowed for the UE. Based on the outcome of this validation, network then decide whether to accept or reject UE’s registration request. For example, network may reject UE if UE indicates RedCap but its subscription does not include any RedCap-specific services.
	Note: SA2, CT1 confirmation is needed.
	-	 Option 3. Verification of RedCap UE
	Network can additionally perform capability match procedure between UE’s reported radio capabilities and the set of capability criteria associated with UE’s RedCap type, to prevent a hacked or misconfigured UE from falsely reporting as a RedCap UE. 
	-	Option 4. Left up to network implementation 

To support the constraining of the RedCap UE, as the above Option 2 and Option 3 description, some network enhancements need to be introduced in SA2, e.g. subscription information for RedCap UE.
Observation 2: The constraining of RedCap UE needs to be discussed in SA2, e.g. subscription information enhancement for RedCap UE.
2.3 eDRX cycles
Regarding to eDRX cycle extending for RedCap UEs, the following agreements were achieved in RAN2 #112E meeting (R2-2100001):
Agreements via email - offline 114:
1. For UE in RRC IDLE/INACTIVE and eDRX cycle is less than 10.24s, paging monitoring does not use PTW and PH, if any.

Agreements:
1. RAN2 will study whether lower values than 5.12s for eDRX cycle for RRC_IDLE and RRC_INACTIVE REDCAP UEs, e.g. 2.56s, can also be considered.
2. eDRX cycle extension in RRC_IDLE beyond 10.24s for REDCAP UEs will be studied in this SI/WI. For UE in RRC IDLE and eDRX cycle is equal to 10.24s, among the solution options, we start from the assumption that paging monitoring does not use PTW and PH.
3. the eDRX cycle in RRC_IDLE is extended up to 2621.44s for REDCAP UEs, as a baseline (longer value e.g. 10485.76s can also be considered).

RAN2#113E meeting continues to discuss the open issues of eDRX cycle and some agreements were achieved.
RAN2 recommends supporting a common design for handling eDRX cycle = 10.24s in RRC_IDLE and RRC_INACTIVE, and the following agreements were achieved in RAN2 #113E meeting (R2-2101952):
Agreements:
1. Capture in the TR that from RAN2 perspective it is recommended for UE in RRC IDLE and eDRX cycle is equal to 10.24s, that paging monitoring does not use PTW and PH. Send an LS to SA2 to check this
2. Capture in the TR the related pros/cons aspects listed below (the list can be further checked and amended if needed):
	Pros:
	• It enables longer eDRX cycles needed by some RedCap UEs and yet allow other UEs that do not need long eDRX cycles (>10.24s) to reuse NR R16 eDRX implementation without additional development work and without a need for an explicit capability signalling.
		• NR already has 10.24sec interval in C-DRX
		• For 10.24 s and RRC_INACTIVE similar solution was adopted for LTE in eMTC
	Cons:
	• It is different from LTE solution for eDRX cycle = 10.24s in RRC_IDLE
	• It will impact 5GC and RAN2 will need to inform/consult SA2/CT1
	• UE can no longer have multiple opportunities to receive its paging during an eDRX cycle

The handling eDRX cycle = 10.24s for RedCap UE is different from LTE solution for eDRX cycle = 10.24s in RRC_IDLE. While in current Registration Area management specified in TS 23.501, the UE’s Registration Area list can include the tracking areas of WB-E-UTRA and NR. It needs to be considered how the 5GC handle the paging for the UE that supports both WB-E-UTRA and RedCap.
Observation 3: The different handling of eDRX cycle = 10.24s for RedCap UE (without PTW/PH) and LTE UE (with PTW/PH) needs to be discussed in SA2.

Regarding to the value range of eDRX cycle for RedCap UE, the following agreements were achieved in RAN2 #113E meeting (R2-2101952):
Regarding the support of eDRX value up to 10485.76s, capture in the TR the pros/cons aspects listed below:
	Pros
	• The upper limit of the H-SFN (10bit) already is 10485.76s
	• The CN already supports eDRX values up to 10485.76s
	• It is future-proof
	• No reason to artificially limit without technical concern
	Cons:
	• There are no REDCAP use cases that require eDRX cycles beyond 2621.44s
	• Little power saving gain beyond 2621.44s. Simulation results show that the gain is saturated at around 40mins.

Capture in the TR the below five options allowing REDCAP UUs to reduce paging power consumption and/or receive emergency broadcast services (and resulting recommended eDRX lower bound) and the associated pros/cons.
	Option 1: eDRX supports a lower bound of 2.56s.

	Option 2: For RedCap UEs, if the NAS configures the UE with a 2.56 DRX cycle, the RedCap UE follows this DRX even when the RAN paging cycle is shorter. eDRX lower bound can be kept to baseline 5.12s.

	Option 3: gNB can configure 2.56s default broadcasted DRX cycle for those RedCap Ues that need to receive emergency broadcast services and a shorter UE-specific RAN paging cycle for Ues with tighter latency requirements (e.g. smartphones). eDRX lower bound can be kept to baseline 5.12s.

		Option 4: RedCap Ues that need to receive emergency broadcast services are not expected to request to be configured with eDRX, and no specific handling/configuration is required for those Ues. eDRX lower bound can be kept to baseline 5.12s.

	Option 5: REDCAP UE can request an eDRX configuration while still monitoring in between (by implementation) for ETWS and CMAS. eDRX lower bound can be kept to baseline 5.12s.
	

Observation 4: The value range of eDRX cycle (i.e. the maximum and minimum vale) for RedCap UE needs to be discussed in SA2.

Regarding to the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive, the following agreements were achieved in RAN2 #113E meeting (R2-2101952):
Agreements online:
1. SA2/CT1 must be consulted on the feasibility prior to the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive.
2. Agree the TP as in R2-2102019 for capturing agreements #1, #2 and #4 from online GTW session with the addition that "further update according to the conclusions on P2 and P4 are possible"
3. Capture in the TR the justifying benefits listed below and associated issues to solve.
Benefits: 
	· It is very beneficial to have >10.24 sec in RRC_INACTIVE to effectively support the usage of SDT (small data transfer) for e.g. use cases with periodic uplink data with periodicity > 10.24 s. TS 22.104 provides such use cases, e.g. some industrial wireless sensors need to transfer small packets while they are not very sensitive to DL traffic delay, but they have strict battery lifetime requirement.
	· Based on the results in the Appendix of the TR, there is a clear power saving gain vs eDRX in RRC_IDLE at least for eDRX cycles of 10.24 s – couple of minutes, where the UE in eDRX in RRC_INACTIVE additionally benefits from less signaling. Based on these results, lifetime of several years would not be achievable in some cases (e.g. 1 minute IAT) if only RRC_IDLE can be used, because of the signaling overhead.
	· Signaling reduction is an additional benefit from network point of view – there is need for less RRC signaling
Issues:
	·  Impact on NAS retransmission, SA2/CT1 must be consulted on the feasibility
	·  Potential handling of different eDRX cycles > 10.24s and/or PTWs, one for IDLE the other for INACTIVE
	·  Need to study which Node decides the eDRX cycle for RRC_INACTIVE

Observation 5: The feasibility of the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive for RedCap UE needs to be discussed in SA2, e.g. considering the benefits of power saving, signaling reduction and CN awareness for aspects like NAS retransmissions etc.

Regarding to the configurations for the PTW and eDRX cycle for RRC_IDLE and RRC_INACTIVE, the following agreements were achieved in RAN2 #113E meeting (R2-2101952):
1. Capture in the TR the two options for the deciding node for the eDRX configuration for RRC INACTIVE: RAN or CN.
2. Capture in the TR the below arguments in favour of each option.
Option 1: CN decides the eDRX parameters for RRC_INACTIVE
· CN has better insight on UE traffic profile
· Better for addressing potential core network impacts
· CN is responsible for eDRX in RRC_IDLE (and UE needs to monitor for CN paging also in RRC_INACTIVE)
· If RAN2 agrees to consider a common PTW and eDRX cycle configuration, CN based eDRX configuration can be supported with minimum impact to specifications where RAN follows the CN configured cycle justified by its simplicity and less impact expected to other WGs
Option 2: RAN decides the eDRX parameters for RRC_INACTIVE
· It provides more flexibility to the RAN node in the configuration of the eDRX parameters
· It allows RAN to configure different eDRX cycle for RRC INACTIVE
· In R16 eMTC connected to 5GC, it is already NR-RAN that choses and configures the final eDRX cycle for RRC_INACTIVE, based on idle mode eDRX cycle as provided by the AMF.

4. Capture in the TR that RAN2 will consider the following configurations for the PTW and eDRX for RRC_IDLE and RRC_INACTIVE (SA2/CT1 must be consulted on this before taking a decision on which way to go):
	· Common PTW and eDRX cycle configuration
	· A common PTW but with different eDRX cycle
	· A common eDRX cycle but with different PTW length
	· Different eDRX cycle and different PTW length

Observation 6: The eDRX parameter configurations for RRC_IDLE and RRC_INACTIVE for RedCap UE needs to be discussed in SA2, e.g. RAN or CN decides the eDRX parameters for RRC_INACTIVE.
3. Conclusion
As the above discussion, the following system level impact of RedCap UE for SA2 are observed:
Observation 1: The definition of RedCap UE types needs to be discussed in SA2, e.g. the awareness of the UE types and the minimum set of the reduced core network capabilities that the RedCap UE types shall mandatorily support.
Observation 2: The constraining of RedCap UE needs to be discussed in SA2, e.g. subscription information enhancement for RedCap UE.
Observation 3: The different handling of eDRX cycle = 10.24s for RedCap UE (without PTW/PH) and LTE UE (with PTW/PH) needs to be discussed in SA2.
Observation 4: The value range of eDRX cycle (i.e. the maximum and minimum vale) for RedCap UE needs to be discussed in SA2.
Observation 5: The feasibility of the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive for RedCap UE needs to be discussed in SA2, e.g. considering the benefits of power saving, signaling reduction and CN awareness for aspects like NAS retransmissions etc.
Observation 6: The eDRX parameter configurations for RRC_IDLE and RRC_INACTIVE for RedCap UE needs to be discussed in SA2, e.g. RAN or CN decides the eDRX parameters for RRC_INACTIVE.

Based on the above observations, the following proposal is provided:
Proposal: To support RedCap UEs accessing 5GC in Release 17, as the RAN SID/WID is still ongoing and the conclusion will come in a late stage to SA2, how to organize the work of REDCAP in SA2 shall be considered. We suggest to create a new WID in stage 2 to organize the related normative work in SA2#135E meeting. 
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