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Introduction
[bookmark: _Ref178064866]The work item on support of reduced capability NR devices [1] includes the following objectives relevant to the discussion in this paper:
	· 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]
· […]
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.



In this contribution, we start in Section 2 with a discussion of the general aspects of eDRX improvements for RedCap UEs, considering the progress of other WGs, with their direct impacts on the RAN3 specifications (NG, Xn, F1, stage 2). In Section 3, we present our view on the need for CN-RAN coordination for data buffering when the RedCap UE is in Inactive state. Then, in Section 4, we discuss the need of RedCap UE identification, based on the SI findings for identifying this UE, and related aspects. 
First look on RedCap UE eDRX enhancements
There is a lot of information to apprehend at this stage regarding other WGs agreements on eDRX. First start, below are the RAN2 SI conclusions and recommendation for RedCap eDRX, as listed in TR 38.875 [2] clause 13:
	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.



Afterwards, at the start of the WI, discussion on eDRX enhancements took place in RAN2#113bis-e and the following points were agreed: 
	· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
· At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
· RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).
· eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
· RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.
· RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)



The above agreements were communicated to us in previous LS by RAN2 in [3] asking us to take them into account for our future work. Furthermore, RAN3 has received in this e-meeting a couple of liaison statements from RAN2 and CT1, the latter being a reply to the above RAN2 LS, on the eDRX cycles lower and upper bounds values:
From RAN2 in [4] on the lower bound:
RAN2 would like to inform SA2 and CT1 that RAN2 has agreed 2.56 seconds as lower bound for eDRX cycle length for RRC_IDLE and RRC_INACTIVE for RedCap. RAN2 would like SA2 and CT1 to take the above agreement into consideration in their work and inform RAN2 if there is any concern.
And from CT1 in [5] on the upper bound values:
Extended DRX cycles of up to 10485.76 seconds in RRC_IDLE are already supported since Release 16 for NB-IoT connected to the 5GC. It is feasible to extend this support to RedCap UEs in RRC_IDLE in Release 17.
CT1 could not reach consensus on feedback regarding the feasibility of extending extended DRX in RRC_INACTIVE up to 10485.76 seconds. 
Considering the above points, the following direct observations can be made:
Observation 1: For RRC-IDLE, the same eDRX cycles for NB-IoT connected to 5GC can be re-used for RedCap UEs, i.e. up to 10485.76 seconds
Observation 2: For RRC-Inactive, the maximum eDRX cycles has been recommended by RAN2 in the SI to be extended up to 10.24 seconds. Final details are pending SA2 feedback.
[bookmark: _Hlk78193506]Observation 3:  The current Core Network Assistance Information for RRC INACTIVE IE can be re-used for coordination between CN and RAN for eDRX configuration
From the above observations, there are impacts to RAN3 specifications, in both stage 2 and stage 3 levels. 
Stage 3 impacts:
For the stage 3 impacts, NG-AP would require enhancements by either extending the current Paging eDRX Information IE (initially defined for WB-EUTRA UE connected to 5GC in RRC_IDLE) to match the RedCap UE parameters that are listed above. Or defining a specific RedCap Paging eDRX Information IE in the Core Network Assistance Information for RRC INACTIVE IE, with the adequate eDRX information (similar to the NB-IoT ones). The second option is cleaner. Another point to consider is whether this new indication will concern RedCap UE only, or will later be applied to all NR UEs who can support eDRX. It is not clear yet in this first meeting, RAN3 can however proceed with a dedicated IE for RedCap UE eDRX paging information, and if later this turns out to be supported for Rel-17 NR UEs in general, we can simply replace “RedCap” by “NR” in the IE’s name and heading.
Proposal 1: Introduce a new RedCap Paging eDRX Information IE in the Core Network Assistance Information for RRC INACTIVE IE. FFS if eDRX is supported for NR UEs as well
Below, a proposed IE encoding:
[bookmark: _Toc20955179][bookmark: _Toc29503628][bookmark: _Toc29504212][bookmark: _Toc29504796][bookmark: _Toc36553242][bookmark: _Toc36554969][bookmark: _Toc45652280][bookmark: _Toc45658712][bookmark: _Toc45720532][bookmark: _Toc45798412][bookmark: _Toc45897801][bookmark: _Toc51746005]9.3.1.15	Core Network Assistance Information for RRC INACTIVE
This IE provides assistance information for e.g. RRC_INACTIVE configuration.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Identity Index Value
	M
	
	9.3.3.23
	

	UE Specific DRX
	O
	
	Paging DRX
9.3.1.90
	

	Periodic Registration Update Timer
	M
	
	9.3.3.24
	

	MICO Mode Indication
	O
	
	9.3.1.23
	

	TAI List for RRC Inactive
	
	1
	
	

	>TAI List for RRC Inactive Item
	
	1..<maxnoofTAIforInactive>
	
	

	>>TAI
	M
	
	9.3.3.11
	

	Expected UE Behaviour
	O
	
	9.3.1.93
	

	Paging eDRX Information
	O
	
	9.3.1.154
	

	RedCap Paging eDRX Information(FFS)
	O
	
	9.3.1.X
	



9.3.1.x	RedCap Paging eDRX Information (FFS)
This IE indicates the Paging eDRX parameters for RedCap UE as defined in TS 38.304.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging eDRX Cycle
	M
	
	ENUMERATED (hfhalf, hf1, hf2, hf4, hf6, hf8, hf10, hf12, hf14, hf16, hf32, hf64, hf128, hf256, …,hf512, hf1024)
	TeDRX defined in TS 38.304. Unit: [number of hyperframes].

	Paging Time Window
	O
	
	ENUMERATED 
(s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …)
	Unit: [1.28 second].



Also, similarly to the (NB-IoT) Paging eDRX Information IEs, this new IE needs to be signalled during CN Paging message in order to page the UE when it is in RRC_Idle.
Proposal 2: Introduce a new RedCap Paging eDRX Information IE in the NGAP PAGING message for paging RedCap UE in RRC_Idle mode.
In gNB CU-DU split architecture, the F1 PAGING message is used when both RAN-based and CN-based paging messages are triggered. As described in TS 38.470, the gNB-CU provides paging information to enable the gNB-DU to calculate the exact PO and PF. Therefore, the eDRX paging information (eDRX cycle and PTW) for RedCap UEs would need to be transmitted over F1 Paging to help the DU page the RedCap UE according the paging parameters. RAN3 can discuss whether it is also needed to send this paging information during UE context management procedure.
Proposal 3: RAN3 to discuss about the needed F1AP impacts for signalling eDRX paging information from CU to DU.
For RAN paging, the RedCap eDRX information for RRC-Idle needs to be transmitted over Xn during the RAN paging message for paging a UE in RRC_INACTIVE state in the RAN notification area. This is the existing signaling principle to allow an anchor gNB to send the eDRX Idle information of the inactive UE to another gNB in the paging area. We note that the same signaling behavior has been agreed upon in recent meetings for LTE-M UEs connected to the 5GC.
Observation 4: In order to support RAN Paging a UE in RRC inactive state in the RNA, the RRC idle eDRX info for the RedCap UE is needed when the gNB sends the Xn PAGING message to other nodes in the RNA. 
Proposal 4: Introduce a new RedCap Paging eDRX Information IE in the XnAP RAN PAGING message

Stage 2 impacts:
Still being under the consideration of the above agreements, another direct impact would be to update TS 38.300 regarding the CN-RAN interaction for RedCap UE. This concerns section 9.2.2 on “Mobility in RRC_INACTIVE”. An example is provided below:

[bookmark: _Toc20387972][bookmark: _Toc29376052][bookmark: _Toc37231943][bookmark: _Toc46501998][bookmark: _Toc51971346][bookmark: _Toc52551329][bookmark: _Toc76504982]9.2.2	Mobility in RRC_INACTIVE
[bookmark: _Toc20387973][bookmark: _Toc29376053][bookmark: _Toc37231944][bookmark: _Toc46501999][bookmark: _Toc51971347][bookmark: _Toc52551330][bookmark: _Toc76504983]9.2.2.1	Overview
[…]
The AMF provides to the NG-RAN node the Core Network Assistance Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE, and to assist UE configuration and paging in RRC_INACTIVE. The Core Network Assistance Information includes the registration area configured for the UE, the Periodic Registration Update timer, and the UE Identity Index value, and may include the UE specific DRX, an indication if the UE is configured with Mobile Initiated Connection Only (MICO) mode by the AMF, the Expected UE Behaviour, and the UE Radio Capability for Paging and the RedCap Paging eDRX Information. The UE registration area is taken into account by the NG-RAN node when configuring the RNA. The UE specific DRX and UE Identity Index value are used by the NG-RAN node for RAN paging. The Periodic Registration Update timer is taken into account by the NG-RAN node to configure Periodic RNA Update timer. The NG-RAN node takes into account the Expected UE Behaviour to assist the UE RRC state transition decision. The NG-RAN node may use the UE Radio Capability for Paging during RAN Paging. The NG-RAN node takes in account the RedCap Paging eDRX Information to configure the RAN Paging when the RedCap UE is in RRC_INACTIVE. When sending XnAP RAN Paging to neighbour NG-RAN node(s), the RedCap Paging eDRX Information may be included.
At transition to RRC_INACTIVE the NG-RAN node may configure the UE with a periodic RNA Update timer value. At periodic RNA Update timer expiry without notification from the UE, the gNB behaves as specified in TS 23.501 [3].
Note: if eDRX is supported for NR UE as well, the above text can be updated accordingly.
Proposal 5: Update TS 38.300 on the CN-RAN assistance information for RedCap UE paging eDRX information
A CR to NG-AP is proposed in [6]. As there are many specifications involved from the above observations (NG, Xn, F1, stage 2 specs, etc.), it is proposed to agree on a fair BL CR allocation among participating companies

Data buffering when RedCap UE in RRC_INACTIVE
[bookmark: _Hlk68079367]RAN is responsible for downlink data packet buffering when UE is in RRC_INACTIVE. Data packet buffering in RAN can ensure shorter data buffering time than any other node of the upper layers due to the short recurrent RAN paging. However, the RAN buffering impact with less frequent RAN paging was not studied during the RedCap study phase. During eDRX, a mobile Redcap UE may change gNB, which may increase the RAN notification area update signalling. If a last serving gNB buffers DL data and the device moves to a different RNA, there is no mechanism in Rel-15/16 to deliver the data buffered at the last serving gNB to the receiving gNB. According to the current specifications, if the path switch between the CN and the receiving gNB fails, the buffered data would be discarded and lost. The buffered data loss was not considered a problem for the existing RRC_INACTIVE mechanism with the DRX sleep cycle as the baseline assumption was that the device would be in a relatively short sleep cycle in RRC_INACTIVE. But, the lack of support for inter-RNA handover and data forwarding could be a limitation with a longer sleep cycle in RRC_INACTIVE. Because there is no existing mechanism, it would be better for the CN to handle the data buffering. 
[bookmark: _Hlk71282177][bookmark: _Toc71582398][bookmark: _Hlk71507482]Proposal 6: From RAN3 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g. when the UE is in eDRX in RRC_INACTIVE, to avoid data loss during UE mobility.
If data buffering at CN is introduced for UEs configured with eDRX in RRC_INACTIVE, then the CN should have a mechanism to indicate to RAN there is pending data for a UE which is unreachable at the moment (due to eDRX). After such indication, RAN may properly schedule paging to deliver the data to the UE according to the RAN paging cycle. 
Additionally, RAN should provide any necessary information to CN (e.g. on RAN configured paging cycle) so that CN can estimate the time the UE is unreachable. This will further help CN with NG-AP procedures which may be impacted due to UE being unreachable during RRC_INACTIVE and CM-CONNECTED. 
[bookmark: _Toc71582399][bookmark: _Hlk71331636]Proposal 7: To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable. 

4	Identification of a RedCap UE
During the SI phase, mechanisms to ensure that RedCap UEs are only used for the intended use cases were discussed. The following mechanisms were listed in the TR for constraining the service or use or resources (see full details in TR 38.875 clause 10.2.1):
· Option 1: RRC Reject based approach
· Option 2: Subscription validation
· E.g. including an indication in NAS signalling to core network or RAN informs CN after it knows the UE is a RedCap UE. 
· Option 3: Verification of RedCap UE
· Network performs a capability match between UE’s reported capabilities and RedCap UE type. 
· Option 4: Left up to network implementation to ensure RedCap UE uses intended services and/or resources.
Options 1, 3 and 4 all seem to be possible to implement at least in basic form without need for any RAN3 specification changes. 
Option 2 is functionality which requires signaling between RAN and CN and functionality in CN. We do think that there should be an indication to CN about the UE being a RedCap UE, to support subscription validation and any other necessary functionality which requires differentiation between RedCap and non-RedCap UEs. Such features can include different charging for RedCap, knowing the UE is a RedCap UE for configuring possible operator-specific access categories for RedCap or different policy control. We note that such mechanism was adopted previously in Rel-16 for LTE-M UE identification in CN over NG interface.

[bookmark: _Toc71583893]Proposal 8: The CN should be aware the UE is a RedCap UE during NG-AP initial UE message to e.g.  support subscription validation or differentiated charging, access control, or policy control. We note similar identification was introduced for LTE-M UE in NG-AP.
Conclusion
We presented in this paper an initial walkthrough of RedCap UE WI impacts based on other WG agreements and our view on the needed specification changes.
From the initial set of agreements documented in the SI conclusions and recent LSes, we made the following observations:
Observation 1: For RRC-IDLE, the same eDRX cycles for NB-IoT connected to 5GC can be re-used for RedCap UEs, i.e. up to 10485.76 seconds
Observation 2: For RRC-Inactive, the maximum eDRX cycles has been recommended by RAN2 in the SI to be extended up to 10.24 seconds. Final details are pending SA2 feedback.
Observation 3:  The current Core Network Assistance Information for RRC INACTIVE IE can be re-used for coordination between CN and RAN for eDRX configuration
Observation 4: In order to support RAN Paging a UE in RRC inactive state in the RNA, the RRC idle eDRX info for the redcap UE is needed when the gNB sends Xn PAGING message to other nodes in the RNA.

We proposed hence our view on how the specs can be enhanced to suitably support these functions:
Proposal 1: Introduce a new RedCap Paging eDRX Information IE in the Core Network Assistance Information for RRC INACTIVE IE. FFS if eDRX is supported for NR UEs as well
Proposal 2: Introduce a new RedCap Paging eDRX Information IE in the NGAP PAGING message for paging RedCap UE in RRC_Idle mode.
Proposal 3: RAN3 to discuss about the needed F1AP impacts for signalling eDRX paging information from CU to DU.
Proposal 4: Introduce a new RedCap Paging eDRX Information IE in the XnAP RAN PAGING message
Proposal 5: Update TS 38.300 on the CN-RAN assistance information for RedCap UE paging eDRX information
We further discussed on the importance of Data Buffering in CN when the UE is RRC_Inactive and proposed to support it by the means of RAN-CN coordination:
Proposal 6: From RAN3 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g. when the UE is in eDRX in RRC_INACTIVE, to avoid data loss during UE mobility.
Proposal 7: To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable. 
Finally, we’ve made a parallel with LTE-M UE, where RedCap UE can benefit from the same type of identification in NG-AP.
Proposal 8: The CN should be aware the UE is a RedCap UE during NG-AP initial UE message to e.g.  support subscription validation or differentiated charging, access control, or policy control. We note similar identification was introduced for LTE-M UE in NG-AP.
A BL CR to NG-AP taking into account the above proposals for TS 38.413 is available in [6]. It is proposed to coordinate with interested companies for the BL CRs impacting other specs.
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