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1. Introduction
[bookmark: Proposal_Pattern_Length]In RAN#91, a new WID to support of reduced capability NR devices [1] is agreed including the objectives copied below aiming to specify the support for the following extended DRX enhancements for RedCap UEs:
· 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
· [bookmark: _Hlk67956289]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.
This document discusses key stage-2 remaining open issues to address those objectives taking into consideration the work done during previous SI phase, including TR 38.875 [2] and latest email discussion #154 [3] and #109 [4]. 
1. Discussion
[bookmark: _Hlk67995185]Control Node for eDRX for RRC_IDLE / RRC_INACTIVE
RAN2 needs to decide which network node(s) will be in charge of controlling the operation of eDRX for UEs in RRC_IDLE and RRC_INACTIVE. This is captured in the agreed WID [1] in relation to the configuration but in our understanding the node that provides the configuration should ideally also be the one in charge of the overall paging mechanism (e.g. for eDRX > 10.24sec, it would keep track of the HF and trigger the corresponding PH/PTW). 
Common design of eDRX for RRC_IDLE and RRC_INACTIVE
[bookmark: _Hlk68112089]A common framework is desirable to enable eDRX for RRC_IDLE and RRC_INACTIVE, however we understand that this should be from UE point of view. It is important to keep in mind that legacy control of paging is already divided in network side i.e. gNB controls the RAN paging mechanism and AMF controls the CN paging mechanism.
[bookmark: _Toc68018028][bookmark: _Toc68034755][bookmark: _Toc68114231][bookmark: _Toc68206557][bookmark: _Toc68207036]From UE point of view, a common framework is desirable to enable extended DRX for RRC_IDLE and RRC_INACTIVE.
[bookmark: _Toc68018029][bookmark: _Toc68034756][bookmark: _Toc68114232][bookmark: _Toc68206558][bookmark: _Toc68207037]From network point of view, legacy control of paging is divided i.e. gNB controls the RAN paging mechanism and AMF controls the CN paging mechanism (which is transparent to UE apart of which UE ID is used in the paging message).
Background on legacy eDRX in E-UTRA / 5GC
5GC already supports extended DRX functionality for UEs connected via E-UTRAN. In addition, 5GC defines CN assistance information to NG-RAN targeting to help with UEs in RRC INACTIVE and extended DRX for E-UTRA connected to 5GC. The following aspects are highlighted from TS 38.413 [8]:
· This CN Assistance Information for RRC INACTIVE IE can contain UE Identity Index Value, UE Specific DRX, Periodic Registration, MICO Mode Indication, TAI List for RRC Inactive, Expected UE Behaviour, Paging eDRX Information (with Paging eDRX Cycle and Paging Time Window).
· This CN Assistance Information for RRC INACTIVE IE can be included as part of the any of the following messages: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE. 
· This CN Assistance Information for RRC INACTIVE aims to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. Therefore, if supported, the NG-RAN node stores this information in the UE context and use it for e.g. the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state.
· The Paging eDRX Information can be included as part of the PAGING message.
[bookmark: _Toc68018030][bookmark: _Toc68034757][bookmark: _Toc68114233][bookmark: _Toc68206559][bookmark: _Toc68207038]5GC already supports extended DRX functionality for UEs connected via E-UTRAN. This includes e.g. CN Assistance Information for RRC INACTIVE UE (which is sent as part of Registration, Service Request, Handover), and Paging eDRX Information (which can be provided as part of PAGING message to NG-RAN node by the AMF).
Control node for eDRX for RRC_IDLE
For NR UEs in RRC_IDLE with extended DRX, it is important to highlight that 5GC already defines the extended DRX functionality when E-UTRA is connected to 5GC, as captured in TS 23.501 [5]. Therefore, we suggest re-using this for NR UEs in RRC_IDLE to reduce specification impact and network complexity.
Proposal 1. [bookmark: _Toc68114235][bookmark: _Toc68034760][bookmark: _Toc68034791][bookmark: _Toc68114236][bookmark: _Ref68008587][bookmark: _Toc68018033][bookmark: _Toc68018117][bookmark: _Toc68206561][bookmark: _Toc68206663][bookmark: _Toc68206750][bookmark: _Toc68207024]AMF is the node in charge to control eDRX for UEs in RRC_IDLE. 
Proposal 1.1. [bookmark: _Toc68034761][bookmark: _Toc68034792][bookmark: _Toc68114237][bookmark: _Toc68206562][bookmark: _Toc68206664][bookmark: _Toc68206751][bookmark: _Toc68207025]For eDRX in RRC_IDLE, RAN2 assumes that eDRX functionality defined for E-UTRA connected to 5GC is taken as baseline for NR (e.g. AMF provides its configuration via NAS, and when having to page the given UE, triggers associated PH/PTW). 

[bookmark: _Hlk68005509]Control node for eDRX for RRC_INACTIVE
For NR UEs in RRC_IDLE with extended DRX, it is important to highlight that 5GC is usually not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state (with some exception cases defined in as part of 5GC network is notified via N2 notification procedure in TS 23.502 [6]). The motivation was that RRC_INACTIVE aims to reduce signaling overhead in radio as well as core network interfaces. Therefore, this principle should be maintained when enabling this new feature for UEs in RRC_INACTIVE.
[bookmark: _Toc68018032][bookmark: _Toc68034759][bookmark: _Toc68114234][bookmark: _Toc68206560][bookmark: _Toc68207039]5GC is usually not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.
During the SI phase, RAN2 captured in TR 38.875 [2] the following options on this topic for UEs in RRC_INACTIVE:
Option 1: CN decides the eDRX parameters for RRC_INACTIVE.
-	CN has better insight on the 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. This common configuration can additionally be justified by its simplicity and less expected impacts 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 LTE-M connected to 5GC, NR-RAN chooses and configures the final eDRX cycle for RRC_INACTIVE (configuration is possible up to 10.24 seconds), based on idle mode eDRX cycle as provided by the AMF.
If option (1) were defined i.e. CN has the control of eDRX configuration/operation, additional signaling would be required between gNB and AMF every time that UE enters or exits from RRC_INACTIVE. In our understanding, this breaks the main principle and motivation of RRC_INACTIVE (which supposes to be a transparent RRC state from AMF point of view). 
NR design assumes that a UE in RRC_INACTIVE should be able to monitor both RAN paging and CN paging. This was defined that way in case there are some mis-coordination between UE and network or some failure that require the network reaching the UE in RRC_INACTIVE via CN paging (instead of RAN paging). This can still be guaranteed if configuration provided for eDRX RRC_INACTIVE is a sub-set of one provided for eDRX RRC_IDLE, e.g. the eDRX value for RRC_INACTIVE can be set smaller than the eDRX value for RRC_IDLE. NR-RAN node can already get information of eDRX value and UE-specific DRX for RRC_IDLE via CN Assistance Information for RRC INACTIVE IE, as explained above. Therefore, gNB can decide the appropriate eDRX value for RRC_INACTIVE taken into consideration that assistance information. On summary, we suggest that RAN has the control of eDRX configuration/operation for UEs in RRC_INACTIVE as explained in option (2).
Proposal 2. [bookmark: _Ref68008471][bookmark: _Toc68018034][bookmark: _Toc68018118][bookmark: _Toc68034762][bookmark: _Toc68034793][bookmark: _Toc68114238][bookmark: _Toc68206563][bookmark: _Toc68206665][bookmark: _Toc68206752][bookmark: _Toc68207026]gNB is the node in charge to control eDRX for UEs in RRC_INACTIVE and guarantees that configuration provided for eDRX in RRC_INACTIVE is a sub-set of one provided for eDRX in RRC_IDLE. 

eDRX configuration in RRC_IDLE vs RRC_INACTIVE 
During the SI phase, RAN2 captured in TR 38.875 [2] the following solutions to be considered for PTW and eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE:
-	A common PTW and eDRX cycle.
-	A common PTW but with different eDRX cycle.
-	A common eDRX cycle but with different PTW length.
-	Different eDRX cycle and different PTW length.
As discussed in previous section, the eDRX configuration is provided by gNB for a UE in RRC_INACTIVE and by AMF for a UE in RRC_IDLE. We understand that some minimal rules need to be defined to guarantee that a UE in RRC_INACTIVE can monitor both RAN paging and CN paging when using its configured DRX cycle (and when applicable, also considering the PTW/PH). However, the actual values to use should be up to network control. 
Proposal 3. [bookmark: _Toc68018035][bookmark: _Toc68018119][bookmark: _Toc68034763][bookmark: _Toc68034794][bookmark: _Toc68114239][bookmark: _Toc68206564][bookmark: _Toc68206666][bookmark: _Toc68206753][bookmark: _Toc68207027]UE in RRC_IDLE gets the eDRX configuration via NAS. RAN2 assumes that legacy mechanism to provide eDRX configuration already defined for E-UTRA/5GC can be reused for NR/5GC. Inform SA2/CT1 for input, if any.
Proposal 4. [bookmark: _Toc68018036][bookmark: _Toc68018120][bookmark: _Toc68034764][bookmark: _Toc68034795][bookmark: _Toc68114240][bookmark: _Toc68206565][bookmark: _Toc68206667][bookmark: _Toc68206754][bookmark: _Toc68207028]UE in RRC_INACTIVE gets the eDRX configuration via RRC. 
Proposal 4.1. [bookmark: _Toc68034765][bookmark: _Toc68034796][bookmark: _Toc68114241][bookmark: _Toc68018121][bookmark: _Toc68206566][bookmark: _Toc68206668][bookmark: _Toc68206755][bookmark: _Toc68207029]It is left up to gNB implementation to decide whether to use same or different eDRX configuration for a UE in RRC_INACTIVE as the one provided by AMF for that UE in RRC_IDLE. 
Proposal 4.2. [bookmark: _Toc68034766][bookmark: _Toc68034797][bookmark: _Toc68114242][bookmark: _Toc68206567][bookmark: _Toc68206669][bookmark: _Toc68206756][bookmark: _Toc68207030]RAN2 specification guarantees that a UE monitoring eDRX paging for RRC_INACTIVE can also receive its corresponding eDRX paging for RRC_IDLE (i.e. eDRX configuration provided for a UE in RRC_INACTIVE is a sub-set of the configuration provided to the UE in RRC_IDLE).

Paging eDRX mechanism for RRC_IDLE / RRC_INACTIVE
Paging mechanism of eDRX up to 10.24sec
This section aims to define a common framework of operation for eDRX values ≤ 10.24sec (without using PTW and PH). In our understanding, this common framework refers to UE operation when using eDRX and legacy DRX cycle for UEs in RRC_IDLE and RRC_INACTIVE.  Reference below to legacy paging DRX defined in TS 38.304 [7]:
“T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).”
The difference would be that a UE configured with eDRX ≤ 10.24sec would monitor that instead of the shortest of the ones available in the UE, which is similar behaviour as LTE eDRX < 10.24sec as shown in TS 36.304 [7]:
“Except for NB-IoT: If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.”
Therefore, we suggest using the eDRX value that is ≤ 10.24sec (instead of the shortest) with legacy NR paging mechanism for both RRC_IDLE and RRC_INACTIVE. Note that this design assumes that configuration provided for eDRX in RRC_INACTIVE is a sub-set of one provided for eDRX in RRC_IDLE, as explained in Proposal 2.
Proposal 5. [bookmark: _Toc68018037][bookmark: _Toc68018122][bookmark: _Toc68034767][bookmark: _Toc68034798][bookmark: _Toc68114243][bookmark: _Toc68206568][bookmark: _Toc68206670][bookmark: _Toc68206757][bookmark: _Toc68207031]If proposals 3 and 4 are agreed, paging mechanism is updated with eDRX ≤ 10.24sec to monitor only the UE-specific paging DRX for the corresponding RRC state (instead of the smallest of the configured ones).

Paging mechanism of eDRX above 10.24sec
In previous sections, we proposed that CN is the node in charge to control eDRX for UEs in RRC_IDLE (as per previous Proposal 1) and gNB is the node in charge to control eDRX for UEs in RRC_INACTIVE  (previous Proposal 2). However, we do not see any problem to continue having a common framework for eDRX >10.24sec from UE point of view. From network point of view, we suggest that gNB continues controlling the RAN paging mechanism which would require enabling PH, PTW design in TS 38.304 similarly as it is done in TS 23.501.
Proposal 6. [bookmark: _Toc465993084][bookmark: _Toc68034768][bookmark: _Toc68034799][bookmark: _Toc68114246][bookmark: _Toc68018038][bookmark: _Toc68018123][bookmark: _Toc68206569][bookmark: _Toc68206671][bookmark: _Toc68206758][bookmark: _Toc68207032]If proposals 3 and 4 are agreed, applicable part of eDRX (i.e. PH, PTW) defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC.

Minimum DRX value considered part of eDRX framework
During the SI phase, RAN2 captured in TR 38.875 [2] the following solutions if 2.56 sec were supported as another eDRX value to be used for RedCap UEs.
“Shorter values than 5.12 seconds for the DRX cycles, such as 2.56 seconds, have also been studied. For the lower bound of the eDRX cycle, one motivation to support down to 2.56 seconds is that at least some RedCap UEs should be able to support the reception of emergency broadcast services (e.g. ETWS primary notification) within the required delay budget of 4 seconds while still saving power. This is not possible with 5.12 seconds eDRX cycle lengths. However, other solutions exist allowing RedCap UEs to receive emergency broadcast services without requiring eDRX to support lower cycle values than legacy LTE (5.12 seconds), while also saving power: 
-	Solution 1: For RedCap UEs, if the NAS configures the UE with a 2.56 seconds DRX UE-specific paging cycle, the RedCap UE follows this DRX cycle even when the RAN paging cycle or default paging cycle is shorter.
-	Solution 2: gNB can configure 2.56 seconds default broadcasted DRX cycle for those RedCap UEs that need to receive emergency broadcast services and a shorter UE-specific RAN paging cycle can be configured for UEs with tighter latency requirements (e.g. smartphones).”
We are ok on considering this if 2.56sec can be enabled with the same behaviour as other eDRX cycles ≤ 10.24sec with none or minimal additional specification impact. 
Proposal 7. [bookmark: _Toc68018041][bookmark: _Toc68018126][bookmark: _Toc68034770][bookmark: _Toc68034801][bookmark: _Toc68114248][bookmark: _Toc68206570][bookmark: _Toc68206672][bookmark: _Toc68206759][bookmark: _Toc68207033]The DRX value of 2.56 sec can be defined as one of the possible Extended DRX cycles for UEs in RRC_IDLE / RRC_INACTIVE if TS impact is minimal (i.e. following the same operation defined for any eDRX ≤ 10.24sec).

[bookmark: _Hlk67956373]Inputs from other WGs
RAN2 conclusion during the SI phase [2] is that other WGs should confirm the feasibility of NR eDRX design for RRC_IDLE / RRC_INACTIVE, as also captured in the agreed WID [1]. This section identifies the details to get input.
Maximum DRX length for RRC_IDLE / RRC_INACTIVE
RAN2 concluded during the SI [2] the following on the maximum eDRX length for RRC_IDLE / RRC_INACTIVE:
· “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.”
During email discussion #154 [3], it was agreed that “SA2/CT1 must be consulted on the feasibility prior to the introduction of eDRX cycles longer than 10.24 seconds in RRC Inactive”. The concerns are based on previous CT1’s input on related topic during LS sent for Rel-16 5G CIoT [11]. The key concern explained was that for E-UTRA connected to 5GC, extending DRX cycle above 10.24 sec was not desirable for UEs in RRC_INACTIVE due to the foreseen CN impact to the mobility management procedures due to the smallest value of the NAS retransmission timer and the actual number of NAS retransmission done, as explained in [12]. 
From RAN2 perspective, the agreed WID [1] captured that “Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s” if no feasibility concerns are raised by other WGs.
Proposal 8. [bookmark: _Toc68034802][bookmark: _Toc68114249][bookmark: _Toc68206571][bookmark: _Toc68206673][bookmark: _Toc68206760][bookmark: _Toc68207034]Send an LS to SA2, and CT1 asking for feasibility (e.g. considering NAS re-transmission timer, or UE’s RRM requirements) if the maximum extended DRX length for UEs in RRC_IDLE and RRC_INACTIVE is allowed up to 10485.76 sec. 

Change to LTE eDRX framework for NR eDRX of 10.24sec
RAN2 agreed during the SI phase, as captured also in [2] that “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)”. In addition, it would be desirable to inform SA2/CT1 of all the proposals discussed in this document and ask whether they may have any input e.g. considering eDRX feature already supported in 5GC when connected to E-UTRA.
Proposal 9. [bookmark: _Toc68034803][bookmark: _Toc68114250][bookmark: _Toc68034804][bookmark: _Toc68114251][bookmark: _Toc68034805][bookmark: _Toc68114252][bookmark: _Toc68034806][bookmark: _Toc68114253][bookmark: _Toc68206572][bookmark: _Toc68206674][bookmark: _Toc68206761][bookmark: _Toc68207035]Send an LS to SA2, CT1 including all agreed proposals on eDRX (for RRC_IDLE and RRC_INACTIVE) and ask whether they may have any input (e.g. considering eDRX feature already supported in 5GC when connected to E-UTRA). 


1. Conclusion
The observations captured are the following:
Observation 1.	From UE point of view, a common framework is desirable to enable extended DRX for RRC_IDLE and RRC_INACTIVE.
Observation 2.	From network point of view, legacy control of paging is divided i.e. gNB controls the RAN paging mechanism and AMF controls the CN paging mechanism (which is transparent to UE apart of which UE ID is used in the paging message).
Observation 3.	5GC already supports extended DRX functionality for UEs connected via E-UTRAN. This includes e.g. CN Assistance Information for RRC INACTIVE UE (which is sent as part of Registration, Service Request, Handover), and Paging eDRX Information (which can be provided as part of PAGING message to NG-RAN node by the AMF).
Observation 4.	5GC is usually not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.
The proposals captured are the following:
Proposal 1.	AMF is the node in charge to control eDRX for UEs in RRC_IDLE.
Proposal 1.1.	For eDRX in RRC_IDLE, RAN2 assumes that eDRX functionality defined for E-UTRA connected to 5GC is taken as baseline for NR (e.g. AMF provides its configuration via NAS, and when having to page the given UE, triggers associated PH/PTW).
Proposal 2.	gNB is the node in charge to control eDRX for UEs in RRC_INACTIVE and guarantees that configuration provided for eDRX in RRC_INACTIVE is a sub-set of one provided for eDRX in RRC_IDLE.
Proposal 3.	UE in RRC_IDLE gets the eDRX configuration via NAS. RAN2 assumes that legacy mechanism to provide eDRX configuration already defined for E-UTRA/5GC can be reused for NR/5GC. Inform SA2/CT1 for input, if any.
Proposal 4.	UE in RRC_INACTIVE gets the eDRX configuration via RRC.
Proposal 4.1.	It is left up to gNB implementation to decide whether to use same or different eDRX configuration for a UE in RRC_INACTIVE as the one provided by AMF for that UE in RRC_IDLE.
Proposal 4.2.	RAN2 specification guarantees that a UE monitoring eDRX paging for RRC_INACTIVE can also receive its corresponding eDRX paging for RRC_IDLE (i.e. eDRX configuration provided for a UE in RRC_INACTIVE is a sub-set of the configuration provided to the UE in RRC_IDLE).
Proposal 5.	If proposals 3 and 4 are agreed, paging mechanism is updated with eDRX ≤ 10.24sec to monitor only the UE-specific paging DRX for the corresponding RRC state (instead of the smallest of the configured ones).
Proposal 6.	If proposals 3 and 4 are agreed, applicable part of eDRX (i.e. PH, PTW) defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC.
Proposal 7.	The DRX value of 2.56 sec can be defined as one of the possible Extended DRX cycles for UEs in RRC_IDLE / RRC_INACTIVE if TS impact is minimal (i.e. following the same operation defined for any eDRX ≤ 10.24sec).
Proposal 8.	Send an LS to SA2, and CT1 asking for feasibility (e.g. considering NAS re-transmission timer, or UE’s RRM requirements) if the maximum extended DRX length for UEs in RRC_IDLE and RRC_INACTIVE is allowed up to 10485.76 sec.
Proposal 9.	Send an LS to SA2, CT1 including all agreed proposals on eDRX (for RRC_IDLE and RRC_INACTIVE) and ask whether they may have any input (e.g. considering eDRX feature already supported in 5GC when connected to E-UTRA).
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