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1	Introduction
RAN2 has started work on the support of reduced capability (RedCap) NR devices WI (RP-210918). The WID has the following objectives on introduction of extended DRX: 

	· 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 paper, we continue the discussion started during the SI on mechanisms related to eDRX, such as eDRX cycle and PTW configuration, and which node should decide the configuration of the RAN and CN paging cycles. The focus is on RRC_INACTIVE and the case when the eDRX cycle is longer than 10.24 s. We also propose to send an LS to SA2 and CT1 according to the WID and the SI conclusions.
2	Discussion 
2.1	Existing paging mechanisms in 5GC
For RRC_IDLE, extended DRX can be configured by NAS when connected to EPC or when LTE-M or NB-IoT UEs are connected to 5GC. In RRC_IDLE, the UE is expected to monitor for CN initiated paging. 
For RRC_INACTIVE, it is currently possible for RRC to configure eDRX up to 10.24 seconds for LTE-M connected to 5GC. In general, in RRC_INACTIVE the UE needs to monitor both RAN paging and CN paging, the latter because of possible state mismatch between AMF and UE, which can happen when RAN has initiated AN release procedure after RAN or AMF failure, unsuccessful RAN paging or expiry of RNAU guard timer. 
Stage-2 description of paging in 5GC can be found in TS 38.300 clause 9.2.5:
	[bookmark: _Toc37231962][bookmark: _Toc46502019][bookmark: _Toc51971367][bookmark: _Toc52551350][bookmark: _Toc60788002]9.2.5	Paging
Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change (see clause 7.3.3) and ETWS/CMAS indications (see clause 16.4) through Short Messages. Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH, but while the former is sent on PCCH, the latter is sent over PDCCH directly (see clause 6.5 of TS 38.331 [12]).
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:
1)	For CN-initiated paging, a default cycle is broadcast in system information;
2)	For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;
3)	For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;
-	The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.
The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.




In RRC_INACTIVE, the UE is addressed with a RAN allocated UE identity (I-RNTI) for RAN-initiated paging and with a NAS identity (5G-S-TMSI) for CN-initiated paging. The use of different UE identities in the pagingRecordList enables the UE to behave differently:
· If the UE is addressed with I-RNTI, the UE shall attempt to resume its RRC connection.
· If the UE, while in RRC_INACTIVE state, is addressed with 5G-S-TMSI, the UE shall enter RRC_IDLE state and inform NAS (initiate an establishment of a new RRC Connection).
If extended DRX for RRC_IDLE is configured, the UE monitors inside a paging transmission window (PTW) according to shortest of UE-specific DRX value (if configured) and default paging cycle (broadcast in SI). PTW is UE-specific and determined through a Paging Hyperframe (PH) and a starting and ending position of the window within the PH. Figure 1 illustrates the sleep cycle of RRC_IDLE with extended DRX of 20.48 s where PTW length is 2.56 s. Stage-3 description of PO and PTW monitoring for eDRX can be found in TS 36.304 clause 7.3 which applies to LTE and LTE connected to 5GC.

[image: ]
Figure1: Paging in RRC_IDLE.
For paging DRX in RRC_INACTIVE, as specified for LTE/LTE-M connected to 5GC, the following applies: 
· If extended DRX is not configured, DRX cycle is determined by the shortest of the RAN paging cycle, the UE-specific paging cycle (if configured), and the default paging cycle.
· If the extended DRX is configured: DRX cycle is determined by the shortest of the RAN paging cycle, the UE specific paging cycle (if configured) and the default paging cycle during the PTW, and DRX cycle is determined by the RAN paging cycle outside the PTW.
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Figure 2: Paging in RRC_INACTIVE with DRX.

[image: ]Figure 3: Paging in RRC_INACTIVE with eDRX.
Figure 2 and 3 illustrate paging in RRC_INACTIVE with DRX and extended DRX, respectively.
According to the WID [1], extended DRX for RRC_IDLE and RRC_INACTIVE should be specified (the details pending feasibility check). For RRC_IDLE and CN paging, it was largely understood during the SI phase that the existing mechanisms from LTE can be used as a baseline. 
For RRC_INACTIVE in NR, there is no existing baseline for eDRX cycles longer than 10.24 s, but the existing principles should apply: 
· UE should be reachable using CN paging in RRC_INACTIVE to resolve possible state mismatch
· CN configures the eDRX cycle for CN paging, corresponding to paging in RRC_IDLE
· Existing mechanisms including PTW and PH should be used, details to be discussed further

[bookmark: _Toc68204510]The LTE eDRX mechanism and the paging mechanism for RRC_INACTIVE are considered as baseline and RAN2 should further discuss the necessary changes to support RRC_INACTIVE with eDRX cycles longer than 10.24 s.

2.2		Node to decide the eDRX cycle and PTW in RRC_INACTIVE 
The following options are captured in TR 38.875 [2] regarding the configuration of the PTW and eDRX cycle:
	Two options should be considered for the deciding node for the eDRX configuration for 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 Rel-16 LTE-MTC 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.



[bookmark: _Hlk68077918][bookmark: _Hlk68025979]Since Rel-15, RAN configures the DRX cycle in RRC_INACTIVE state (i.e. the RAN paging cycle. Data packets are buffered in RAN, so that RAN can deliver the buffered data with a shorter delay compared to data being buffered in CN. If we consider RRC_INACTIVE in Rel-15 as a baseline, keeping the RAN paging configuration to RAN further reduces the specification impact to RAN2 and other WGs. However, to maximize the UE power saving gain of RedCap devices, coordination of the eDRX cycle and PTW between CN and RAN would be beneficial. In our view, the configuration of the CN and RAN extended DRX would be handled by CN and RAN, respectively, where possible coordination would be handled through signalling between AMF and gNB. 

[bookmark: _Toc68204511]CN configures eDRX cycle and PTW for RRC_IDLE.
[bookmark: _Toc68204512]RAN configures eDRX cycle and PTW for RRC_INACTIVE.

2.3	Common and separate eDRX cycle and PTW configuration
Both common and separate eDRX and PTW configuration were discussed and captured as options in the TR 38.875 [2]: 
	The following solutions can 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.



In all the listed options above, the UE would monitor both RAN and CN paging, thus the principles applying to the existing paging mechanism in 5GC and for RRC_INACTIVE should be satisfied. 
If the eDRX and PTW configuration would be separate, the UE would need to monitor two different disjoint PTWs resulting in additional complexity and possible wasted opportunities for power saving. However, the captured options in TR 38.875 seem to share the property that the PTW of RAN and CN paging should overlap, either fully if they have the same length, or if they have different lengths, the shorter as subset of the longer PTW.
A common configuration for the actual eDRX cycle length can be seen simpler compared to separate lengths for RAN and CN paging. However, it has been discussed that there could be cases where RAN may want to configure a shorter RAN paging cycle compared to the CN configured cycle intended for RRC_IDLE. For example, CN paging has been configured to a certain value, but it is expected or known that the UE should be reachable in DL with a shorter DRX value.
One example configuration can be seen in Figure 4 where there is no PTW for RAN paging but PTW is configured only for CN paging (this is similar to existing paging in LTE-M). RAN paging would be monitored according to the RAN paging cycle and also a part of the CN PTW. 

[image: ]
Figure 4. No PTW for RAN paging, 5.12 s PTW for CN paging

[bookmark: _Hlk68119872][bookmark: _Toc68204504]RAN may want to configure a shorter RAN eDRX cycle compared to the CN configured eDRX cycle. 
[bookmark: _Toc68204505]The PTW should be either common between RAN and CN paging or overlapping in the case either window is shorter than the other to avoid unnecessary complexity and power consumption.

A possible drawback is that if RAN and CN eDRX, and PTW, have different independent lengths, it reduces the opportunities to enter deep sleep. As depicted in Figure 4, if the UE is configured with 10.24 s eDRX cycle with no PTW and the CN is configured with eDRX cycle length of 20.48 s with 5.12 s PTW, then the UE will wake up every 10.24 s, and due to the PTW, it will sleep shorter period in the interim period of CN and RAN POs.
Another example of common PTW and eDRX cycle length can be seen in Figure 5. From a power saving point of view, “optimal” power consumption can be achieved with a common eDRX cycle and PTW configuration, where the UE would get the most sleep opportunities.

[image: ]
Figure 5: Common paging (eDRX, PTW and PH)

Hence, we think configuring a common PTW and eDRX cycle length for RAN and CN paging in RRC_INACTIVE when eDRX above 10.24 s is desirable. At least, the CN and RAN paging in RRC_INACTIVE should be as similar as possible for maximum UE power saving gain. To help RAN with configuration of the RAN paging PTW and eDRX cycle, information about the eDRX configuration could be added to the existing CN assistance information for RRC_INACTIVE over NG-AP, currently used to help RAN in paging.

[bookmark: _Toc68204506]A common eDRX cycle and PTW where UE monitors both RAN and CN paging may be desirable from UE power consumption point of view.
[bookmark: _Toc68204507]It is up to RAN to configure RAN PTW and eDRX cycle in a way to minimize UE power consumption.
[bookmark: _Toc68204508]Assistance information from CN to RAN on the CN eDRX configuration (i.e. PTW and eDRX cycle length) would help RAN with configuration of the RAN paging PTW and eDRX cycle.
2.4		Data buffering 
[bookmark: _Hlk68079367]RAN is responsible for downlink data packet buffering when DRX is configured with 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 Redcap UE in mobility may change the 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 and notify RAN in the case there is DL data for a particular UE. The feasibility of data buffering in CN during the time of DL unreachability in RRC_INACTIVE should be checked with SA2/CT1.

[bookmark: _Toc68204513]Ask SA2 about feasibility of buffering data in CN when the UE is unreachable from CN perspective, i.e. when the UE is in eDRX in RRC_INACTIVE.

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 paging cycle) so that CN can estimate the time the UE is unreachable. This will further help CN with procedures which may be impacted due to UE being unreachable during RRC_INACTIVE and CM-CONNECTED. 

[bookmark: _Toc68204509]To support CN buffering during RRC_INACTIVE with extended DRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable RAN should provide CN with necessary information, e.g. about the time UE is unreachable to support CN buffering. 

2.5 		LS on feasibility introducing eDRX for RedCap 
According to the WID the feasibility of introducing and extending eDRX cycles for RRC_IDLE and RRC_INACTIVE up to 10485.76 s should be checked with SA2 and CT1. Therefore, RAN2 should discuss the contents of an LS to these WGs. We propose to discuss the issues in the previous sections in RAN2 and send an LS from this meeting. 

[bookmark: _Toc67941463][bookmark: _Toc67941525][bookmark: _Toc67941794][bookmark: _Toc67941526][bookmark: _Toc68204514]Send an LS to SA2 and CT1 (cc RAN3, RAN4) based on the discussion of the eDRX details and the feasibility of extending eDRX cycle up to 10485.76 s in RRC_IDLE and RRC_INACTIVE based on the draft LS in the Appendix.
Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN may want to configure a shorter RAN eDRX cycle compared to the CN configured eDRX cycle.
Observation 2	The PTW should be either common between RAN and CN paging or overlapping in the case either window is shorter than the other to avoid unnecessary complexity and power consumption.
Observation 3	A common eDRX cycle and PTW where UE monitors both RAN and CN paging may be desirable from UE power consumption point of view.
Observation 4	It is up to RAN to configure RAN PTW and eDRX cycle in a way to minimize UE power consumption.
Observation 5	Assistance information from CN to RAN on the CN eDRX configuration (i.e. PTW and eDRX cycle length) would help RAN with configuration of the RAN paging PTW and eDRX cycle.
Observation 6	To support CN buffering during RRC_INACTIVE with extended DRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable RAN should provide CN with necessary information, e.g. about the time UE is unreachable to support CN buffering.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The LTE eDRX mechanism and the paging mechanism for RRC_INACTIVE are considered as baseline and RAN2 should further discuss the necessary changes to support RRC_INACTIVE with eDRX cycles longer than 10.24 s.
Proposal 2	CN configures eDRX cycle and PTW for RRC_IDLE.
Proposal 3	RAN configures eDRX cycle and PTW for RRC_INACTIVE.
Proposal 4	Ask SA2 about feasibility of buffering data in CN when the UE is unreachable from CN perspective, i.e. when the UE is in eDRX in RRC_INACTIVE.
Proposal 5	Send an LS to SA2 and CT1 (cc RAN3, RAN4) based on the discussion of the eDRX details and the feasibility of extending eDRX cycle up to 10485.76 s in RRC_IDLE and RRC_INACTIVE based on the draft LS in the Appendix.
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Release:	Release 17
Work Item:	NR_redcap

Source:	Ericsson [to be:TSG RAN WG2]
To:	TSG SA WG2, TSG CT WG1
Cc:	TSG RAN WG3, TSG RAN WG4

Contact Person:	
Name:	Tuomas Tirronen
E-mail Address:	tuomas dot tirronen at ericsson dot com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	



1. Overall Description:
RAN2 has started work on the support of reduced capability (RedCap) NR devices WI (RP-210918). The WID has the following objectives on introduction of extended DRX: 

	· 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 addition, the RedCap study had the following conclusions regarding eDRX in TR 38.875, v2.0.0:
	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.



RAN2 would like to ask SA2 and CT1 whether it is feasible from SA2 and CT1 perspective to introduce extended DRX up to 10485.76 s in RRC_IDLE and RRC_INACTIVE and if feasible, to specify the necessary support. RAN2 assumes RAN provides necessary information to CN so that CN can estimate when the UE is unreachable, e.g. by providing the RAN paging configuration. 
RAN2 has discussed data buffering during eDRX in RRC_INACTIVE and concluded that it would be reasonable if CN buffers the data during the time the UE is unreachable and provides an indication to RAN in case the mobile terminating traffic is pending towards the UE. RAN2 would like to ask SA2 whether this is feasible.  
RAN2 would like SA2 and CT1 to take the above aspects into consideration in their work and further consult with RAN2 if needed.
2. Actions:
To SA2 and CT1 groups: 
ACTION: 	RAN2 respectfully requests SA2 and CT1 to evaluate whether it is feasible to specify extended DRX up to 10485.76 s for RRC_IDLE and RRC_INACTIVE and if found feasible, specify the necessary support. 
To SA2 group: 
ACTION: 	RAN2 respectfully requests SA2 to evaluate whether it is feasible for CN to buffer the data during extended DRX while the UE is in RRC_INACTIVE state, and if found feasible, specify the necessary support. 

3. Date of Next TSG-RAN WG2 Meetings:
3GPP RAN2#114-e		19th – 27th May 2021			Electronic Meeting
3GPP RAN2#115		tbd, August 2021			Electronic Meeting
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