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1	Introduction
This is a study item on the support of reduced capability (RedCap) NR devices for use cases such as industrial wireless sensors, video surveillance, and wearables [1]. The intention is for RAN2 to conclude in RAN2#113‑e, while RAN1 has concluded their part already and RedCap work item has already been agreed in RAN#90‑e. However, the objectives more specific to RAN2 were not agreed yet but are expected to be discussed in RAN#91-e [3]:
“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.”
This paper contains discussion and proposals on prioritization of the remaining work to conclude the SI phase in RAN2. 
[bookmark: _Ref178064866]2	Current status of the study
Table 1 presents the existing proposal on proposed time allocation for RedCap SI and WI [2]. 
Table 1. Proposed RAN meeting plan and plan for RedCap SI/WI according to [2].
	Meetings / dates
	RAN1#104-e 
RAN2#113-e
(Jan 25th – Feb 5th, 2021)  
	RAN1#104bis-e
RAN2#113bis-e
(Apr 12th – 20th, 2021) 
	RAN1#105-e
RAN2#114-e
(May 19th – 27th, 2021) 

	RAN1
	WI: 2 TUs
	WI: 1 TU
	WI: 3 TUs

	RAN2
	SI: 1 TU
	WI: 0.5 TUs
	WI: 1 TU



[bookmark: _Toc61546870]RAN1 has concluded the study phase in RAN1#103-e and starts the work phase in RAN1#104-e.
[bookmark: _Toc61546871]RAN2 is expected to conclude the study item RAN2#113-e.

The staggered end of SI means that TR 38.875 is ready from RAN1 perspective, where v1.0.0 was agreed in RAN#90-e [4] and it remains for RAN2 to update the TR and provide a version for RAN1 endorsement and further approval in RAN plenary.
3	Merge of RAN2 endorsed text in TR 38.875 
TR update based on TR 38.875 v1.0.0 [4], with endorsed RAN2 changes added, has been submitted to RAN2#113-e in [5]. 
Clause 8.3 (eDRX), clause 8.4 (RRM), clause 10.2 (Constraining of reduced capabilities) and clause 11.2 (Access restrictions) contain only RAN2 endorsed changes, thus there are not conflicts with any existing text. Some small editorial changes have been made with revision tracking in the submitted version. 
Clause 10.1 (Definition of reduced capabilities) contains the RAN2 endorsed input after the input provided by RAN1. There is some slight overlap in content, but no changes have been made. 
Clause 11.1 (UE identification) contains overlapped content, but the endorsed RAN2 text is not finalized and is waiting for further input. Therefore, part of the RAN2 text which overlaps with the existing text in the TR v1.0.0, like the different options for identification, have been removed. One paragraph related to Option 2 has been moved down to where the necessity of Option 2 is discussed. Further input to this section can be discussed and agreed during RAN2#113-e.

[bookmark: _Toc61546874]Endorse the TR 38.875 update in [5] to be used as baseline for final RAN2 input. 
4	Conclusion of RedCap SI in RAN2
RAN2#113-e is the final meeting for the RedCap SI and RAN2 priority should be to capture remaining input and analysis in the TR. Furthermore, based on the discussion and agreements, time should be spent on concluding the study with possible recommendations of features to be specified during the normative phase. 
Based on the merged TR [5] and ongoing discussion, at least clauses 8.3, 8.4, 11.1 and 11.2 could be updated with further RAN2 input. The first two clauses are the respective topics of email discussions #154 and #155.
[bookmark: _Toc61546875]Prioritize capturing remaining input and analysis to TR (e.g. remaining input to clauses 8.3, 8.4, 11.1, 11.2).  
[bookmark: _Toc61546876]Prioritize capturing RAN2 conclusions of the study item and recommendations in clause 13.  
[bookmark: _Toc61546872]Final down-selection of various solutions to the open issues should be discussed during WID drafting phase and/or during the potential WI.
[bookmark: _Toc61546873]Stage-3 details of the issues should be discussed and agreed during a WI. 
5	TP for conclusions and recommendations
Based on the existing agreements and agreed and endorsed text in the main body in the TR, the following is proposed as baseline text to be added in Section 13 "Conclusions and recommendations" of the TR (note that further changes are possible depending on further input and discussion): 
	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.
-	At least for device type identification and access restriction (including initial access), 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 in the normative 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. 

Based on the study of identification and access restriction, the following are recommended:
· System information indication is used to indicate whether a RedCap UE can camp on the cell or not.
· UAC applies to RedCap UEs in all RRC states. 




For the studied RedCap power saving features, i.e. eDRX in RRC_IDLE and RRC_INACTIVE and RRM relaxation, there are email discussion summaries available which include proposals for recommendations, to be discussed when the corresponding email discussions and summaries are treated. 

[bookmark: _Toc61546877]Capture the above recommendations as baseline for the corresponding studies in clause 13 in the TR. 
[bookmark: _Toc61546878]Summary and recommendations for eDRX and RRM are discussed in the context of the corresponding email discussions. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 has concluded the study phase in RAN1#103-e and starts the work phase in RAN1#104-e.
Observation 2	RAN2 is expected to conclude the study item RAN2#113-e.
Observation 3	Final down-selection of various solutions to the open issues should be discussed during WID drafting phase and/or during the potential WI.
Observation 4	Stage-3 details of the issues should be discussed and agreed during a WI.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Endorse the TR 38.875 update in [5] to be used as baseline for final RAN2 input.
Proposal 2	Prioritize capturing remaining input and analysis to TR (e.g. remaining input to clauses 8.3, 8.4, 11.1, 11.2).
Proposal 3	Prioritize capturing RAN2 conclusions of the study item and recommendations in clause 13.
Proposal 4	Capture the above recommendations as baseline for the corresponding studies in clause 13 in the TR.
Proposal 5	Summary and recommendations for eDRX and RRM are discussed in the context of the corresponding email discussions.
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Appendix 	RAN2 agreements
According to [6]:
RAN2#111e
RAN2 made the following agreements related to organization and scope of the study:
	Agreements:
· RAN2 studies, and provides input to TR 38.875, on whether and how it can be ensured RedCap UEs are used only for intended use cases. This may require coordination with other WGs (e.g. RAN3 / SA / CT).
· RAN2 studies, and provides input to TR 38.875, on how and when to identify RedCap UEs and how to control RedCap UE access in RAN. Before concluding the identification discussion, further progress is needed in RAN1.
 
Agreements:
· For power saving, for now RAN2 studies extended DRX for idle and inactive modes and RRM relaxation for stationary RedCap devices, and input to be provided to TR 38.875. 
· Depending on RAN1 input, discussion is expected at least on the following impacts on RAN2 procedures:
a.    Impact on cell (re)selection
b.    Impact on initial access
c.    Impact on other idle mode procedures (i.e. SI acquisition, paging)
 
FFS:
· Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this)



RAN2 made the following agreements related to study of reduced capability signalling framework:
	Agreements:
· At least for device type identification and access restriction (including initial access), the network needs to know whether the UE is RedCap UE or not. FFS on whether based on explicit or implicit signalling.
· The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE (this does not imply anything on the reporting of the device type, if the need for a device type will be agreed)
· The number of device types should be minimised, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1
· Discuss in normative phase on whether to signal (and in case how) a Device type and its associated capabilities (the reduced set of capabilities) is captured in specifications, and whether device type is indicated as part of UE capability;



RAN2 made the following agreements related to study of identification and access restriction:
	Agreements:
· An indication in system information is needed to indicate whether a REDCAP UE can camp on the cell. FFS whether the indication is explicit or implicit. 
· UAC mechanism also apply to REDCAP UEs.
· System information indicates whether REDCAP operation is allowed/barred on a frequency. FFS reuse the legacy intraFreqReselection or introduce separate flag
· Further discuss enhancement of UAC for REDCAP UEs, including e.g.:
a. define new Access Identity for REDCAP UEs
b. define new Access Categories for REDCAP UEs
(for any final decision we need to check with SA1 and/or CT1)



RAN2 made the following agreements related to study of UE power saving:
	Agreements:
· RAN2 study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. ‎
· For RRC_INACTIVE, the DRX cycle is extended to 10.24s as baseline. 

Agreements:
· For RRC_IDLE, the DRX cycle is at least extended to 10.24s. FFS on further extension ‎beyond 10.24s.  
· For RRC_IDLE and/or RRC_INACTIVE, if the NR DRX cycle range is extended beyond 10.24s, the LTE ‎eDRX mechanism beyond 10.24s (e.g., PTW, PH, etc.) is used as baseline when NR eDRX cycle is configured beyond 10.24s. 

FFS:
· For RRC_IDLE and/or RRC_INACTIVE, FFS on baseline mechanism when the configured NR eDRX cycle is less or equal to 10.24s



RAN2#112e
RAN2 made the following agreements related to study of reduced capability signalling framework:
	Agreements:
· RedCap UE capabilities can be categorized as:
· Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 
· FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;
· (Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  
· Optional capabilities (signaled explicitly)
· Following scenarios are considered when design the capability signaling for RedCap UE, but FFS on the details, e.g. what each category of features may include and on the applicability of the cases:
· For the features that are mandatory for non-Redcap UEs: 
· Case1: The Redcap UE mandatorily supports the feature with the same value;
· Case2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value);
· Case3: The Redcap UE optionally supports the feature;
· Case4: The Redcap UE does not support the feature at all.   
· For the features that are optional for non-Redcap UEs: 
· Case1: The Redcap UE does not support the feature at all.
· Case2: The Redcap UE supports the feature with different value;
· Case3: The Redcap UE supports the feature with the same value;
· Case4: The Redcap UE mandatorily supports the feature

Agreements via email - offline 112:
· Following capability design principle is considered for RedCap UE, but details should be discussed in WI phase:
· Alternative 1:
· The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:
· Mandatory features for non-RedCap UE that are not supported for RedCap UE;
· Mandatory features for non-RedCap UE that are optional for RedCap UE;
· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;
· Optional features for non-RedCap UE that are not supported for RedCap UE;
· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.
· For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs.The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.
· Alternative 2:
· Directly define the UE capabilities required for RedCap devices, including:
·  Mandatory features for RedCap UEs (defined in specification);
· Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE). 
· Regarding how can the network know whether the UE is RedCap UE or not in order to handle UE capabilities properly, following options are considered and to be captured in the TR, the further analysis/down selection should be done in WI phase (following options may not be mutually exclusive, and may not be an exhaustive list):
· Option 1: RedCap device type is indicated as part of the capability signaling
· Option 2: Define a new IE specifically for RedCap Ues containing these additional Redcap specific capabilities that is included only by Redcap UEs.
· Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA,etc, (pending RAN1 conclusion), and forwards it to target during Handover. 
· Option 4: NW identifies RedCap UE based on the reported capabilities. That is, assuming there are capabilities specific to RedCap UEs not used by non-RedCap UEs, it should be clear to NW the UE is Redcap without any additional type indication (if such is not needed e.g. during initial access). 
· Regarding how to ensure the RedCap UE is only used for intended use cases, following potential solutions are considered in the SI phase (other solutions are not precluded), and to be captured in the TR (The formulation of the options should be discussed before capturing in the TR.). 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



RAN2 made the following agreements related to study of identification and access restriction:
	Agreements:
· 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

Agreements:
· Include the possible options (msg1, msg3, msg5) in the TP without saying anything on RAN2 preferences on when identification is required
· Do not send a LS on RedCap UE identification to RAN1 and wait for more RAN1 process
· Postpone the LS to SA1 on UAC enhancement for RedCap UEs.
· Postpone the discussion on the camping indicator for RedCap UEs to the WI phase.
· Postpone the discussion on intraFreqReselection indicator for RedCap UEs to the WI phase.



RAN2 made the following agreements related to study of UE power saving:
	Agreements via email - offline 114:
· For UE in RRC IDLE/INACTIVE and eDRX cycle is less than 10.24s, paging monitoring does not use PTW and PH, if any.
· The target REDCAP UE, considering mobility, is not limited to a fixed UE, but can also experience some low mobility, and this, during some “stationary” periods of time.
· The RRM relaxation of REDCAP UEs is triggered based on measurements, as a baseline. Other triggering conditions for the “level-1” (still device at fixed location) UEs are not excluded, e.g. the possibility to signal their stationary property explicitly.
· R16 NR RRM relaxation procedures are taken as a baseline to study further enhancements of neighbor cells RRM relaxation for REDCAP UEs in RRC IDLE/INACTIVE.

Agreements:
· Relaxation of neighbor cells RRM measurements in RRC_CONNECTED will be studied in this SI/WI
· 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.
· 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.
· 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)
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