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1	Introduction
The discussion on enhanced support of reduced capability (eRedCap) devices WI (RP-223544) has started in RAN2. The WID has the following objective on enhancement of extended DRX cycles: 

	· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement.



RAN2 discussed eDRX in Rel-17 within the context of NR devices in general, but there are a few remaining aspects that requires further discussion. 

	· Based on the LS to extend network signalling between RAN and AMF when the eDRX cycle is larger than 10.24s.
· 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 larger than 10.24s)
· When IDLE eDRX cycle is larger than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s. 
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
               SFN = 1024/N* ieDRX, where
               ieDRX = floor(UE_ID_H /TeDRX,H) mod N
               N = 8, was agreed. 




In this contribution, we discuss the remaining aspects mentioned above for eDRX cycles larger than 10.24 sec in RRC_INACTIVE.

2	Configuring PTW for RAN paging cycle
Extended DRX (eDRX) in 5GC was specified with two options. Firstly, eDRX values <= 10.24 s and secondly eDRX values > 10.24 s. For the former, a UE does not need paging time window (PTW) configuration, however for the latter PTW configuration is needed; Paging occasion (PO) occurs within the configured PTW. The baseline for calculating PTW_start and PTW_end was agreed in part of RAN2#115-e and the maximum PTW length, minimum PTW length and PTW step granularity were agreed in the same meeting. PTW configurations can be used by a UE in RRC_IDLE state (in Rel-17) or in RRC_INACTIVE state (in Rel-18), only if the eDRX value > 10.24 s is configured. Since, in the current specification the support of RRC_IDLE > 10.24 s is available, PTW has been discussed only for IDLE eDRX cycles so far. During RAN2#115-e, it was agreed that PTW_start is calculated using the baseline specified for E-UTRAN, as below. 

[bookmark: _Hlk126925291]SFN = 1024/N* ieDRX, where 
ieDRX = floor(UE_ID_H /TeDRX,H) mod N 
N = 8 (NR)

where PTW_start depends on the choice of N, which is configurable by the network. In the LTE baseline we use N = 4, which gives us SFN = 256*ieDRX, i.e., the granularity of 256, in NR the granularity of SFN = 128*ieDRX_CN. 
RAN2 has agreed on the following eDRX aspects for RRC_INACTIVE for the cases when INACTIVE eDRX cycle < 10.24s 
· RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle > IDLE eDRX cycle.
· RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured.
· The maximum PTW length is 40.96 s when IDLE eDRX cycle > 10.24 s. 
· The minimum PTW length is 1.28 s and the step length/granularity of PTW length is 1.28 s when IDLE eDRX cycle is larger than 10.24 s. 
· For RRC_INACTIVE UE, when IDLE eDRX cycle is larger than 10.24 s and INACTIVE eDRX cycle is not larger than 10.24 s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle. 
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Figure 1. Example where the RAN paging cycle is shorter than the CN paging cycle.

One example configuration can be seen in Figure 1 where there is no PTW for RAN paging, but PTW is configured only for CN paging. RAN paging is monitored as per the INACTIVE eDRX cycle and CN paging is monitored inside the PTW on the minimum of UE specific DRX cycle, INACTIVE eDRX cycle and default paging cycle. 
The above agreements are applicable when only RRC_IDLE > 10.24s is configured. However, with the introduction of eDRX cycles larger than 10.24s in RRC_INACTIVE these aspects need to be revisited. Similarly, when different eDRX cycles are considered for both RAN and CN paging then the PTW_start calculation will give different results i.e., CN TeDRX_CN = 40.96 s and RAN TeDRX_RAN = 20.48 s. In this case, can be a PH overlap as the CN eDRX cycle is a multiple of RAN eDRX cycle. 
 
Observation 1 [bookmark: _Toc127496680]In case different eDRX cycles are configured for RRC_IDLE and RRC_INACTIVE states, SFN calculation formula gives different PTW starting points. 

One case can be if the PH overlaps for RRC_IDLE and RRC_INACTIVE paging but the PTW starting points are different. To address this a simpler solution is to apply the CN PTW and override the RAN PTW when the PH overlaps. In such situation, the UE has to follow both of the PTWs and we expect the CN PTW to be larger. Therefore, we propose the following:

[bookmark: _Hlk127268412][bookmark: _Toc127502311]When PH for CN and RAN paging overlaps and PTW is configured for both CN and RAN paging, the RRC_IDLE PTW is followed, i.e., PTW_start is according to the CN configured eDRX cycle and paging is monitored inside the PTW according to shortest of the UE specific DRX cycle, and the default DRX cycle. 

Let’s consider another example where the RAN paging cycle is 20.48 s and the CN paging cycle is 40.96 s as shown in Figure 2. The CN has configured a PTW of 10.24 s. We expect that the PTW for RAN paging does not always need to be configured to the same length as the PTW for CN paging – and in such case it would benefit the UE power consumption to allow the possibility to configure different PTW lengths for RAN and CN paging. Thus, in the example, RAN should be able to configure a shorter PTW than 5.12 s. In this case the UE can save power compared to always using 10.24 s PTW. 
Thus, in our example, the paging monitoring could be as follows:

· A CN PTW of 10.24 s is repeated every 40.96 s
· A RAN PTW of 5.12 s is repeated every 20.48 s – every second time it partially overlaps with the CN PTW and the UE monitors the paging inside the overlapping PTWs as per the RRC_IDLE PTW.
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Figure 2. CN and RAN eDRX cycle configuration with different PTW sizes.

Which node decides the value of N?
The choice of N effects the granularity of SFN, which is used to monitor the start of PTW. When both IDLE and INACTIVE eDRX cycles are configured with a value > 10.24s, there are two separate PTWs. If we keep the same logic of leaving the IDLE configuration for the CN and the INACTIVE configurations for the RAN node, then N for IDLE cycle will be configured by CN and N for INACTIVE will be configured by RAN. In RAN#2 116-e, we agree to use N=8 and make it non-configurable such that the granularity of SFN is similar for both CN and RAN PTW. 

[bookmark: _Hlk127493146][bookmark: _Toc127502312]Confirm that N = 8 when RRC_INACTIVE eDRX cycle is configured with a value larger than 10.24 sec for RRC INACTIVE 

The size of PTW is also important to determine the UE availability and to buffer any downlink data that arrives after the paging occasion that marks the start of the window. In RRC_IDLE PTW we agree to use a minimum of 1.28 s and a maximum of 40.96 s PTW size. When RRC_IDLE PTW is configured, CN informs the RAN of the configured eDRX cycle and the PTW size i.e., the RAN may adjust is paging occasion as per the CN PO. 


[bookmark: _Hlk127268467][bookmark: _Toc127502313]The value range for the size of PTW for RRC_INACTIVE is same as the value range for the size of PTW for RRC_IDLE, where the minimum and maximum are 1.28 s and 40.96 s, respectively. 

Furthermore, when RAN configures the RRC_INACTIVE PTW, it should inform the AMF of the corresponding eDRX cycle and PTW size from UE reachability perspective, delivering DL data, or synchronizing POs.

3	Extending network signalling to support MT traffic
The support for extended discontinuous reception (eDRX) is broadcast in system information. A UE sends a request to the network via NAS layer to be configured with eDRX. A UE in RRC_IDLE mode requests the configuration from the CN and a UE in RRC_INACTIVE mode requests the configuration from both the CN and RAN. The CN provides the UE’s eDRX configuration to the RAN, so that RAN may configure the UE with RAN eDRX when it decides to release the UE in RRC INACTIVE. When the configured eDRX cycle in RRC_INACTIVE is less than 10.24 s, it is already agreed that the RAN will buffer the mobile terminated (MT) data, on the other hand if the eDRX cycle is more than 10.24 s, the NG-RAN can send an indication to the CN and the CN can handle MT communication. Here, the gNB sends an indication to the CN to handle MT communication while the UE is in RRC_INACTIVE state and provides unreachability information (e.g., eDRX values negotiated between UE and gNB for RRC_INACTIVE state). 
Currently, AMF is informed about the RRC state of the UE, but there seems to be a need to provide information regarding the eDRX cycles NG-RAN has configured along with the size of the PTW for eDRX cycles larger than 10.24 sec.

[bookmark: _Toc118447027][bookmark: _Toc127496681][bookmark: _Hlk127268534]There is a need to provide AMF with information regarding the eDRX cycles NG-RAN has configured along with the size of the PTW for eDRX cycles longer than 10.24 sec.

[bookmark: _Toc99123627][bookmark: _Toc99662432][bookmark: _Toc105152499][bookmark: _Toc105174305][bookmark: _Toc106109303][bookmark: _Toc107409761][bookmark: _Toc112756950][bookmark: _Toc127502314]RAN informs AMF the size of PTW when a UE in RRC_INACTIVE is configured with a eDRX cycle larger than 10.24 sec. .

In the current specification [6] we have the information exchange from AMF to RAN, using the following information element. 

3.1	NR Paging eDRX Information (TS 38.413 Section 9.3.1.227)
This IE indicates the NR Paging eDRX parameters as defined in TS 38.304 [12].

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	NR Paging eDRX Cycle
	M
	
	ENUMERATED (hfquarter, hfhalf, hf1, hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024, …)
	TeDRX CN defined in TS 38.304 [12]. Unit: [number of hyperframes].

	NR Paging Time Window
	O
	
	ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …, s17, s18, s19, s20, s21, s22, s23, s24, s25, s26, s27, s28, s29, s30, s31, s32)
	PTW defined in TS 38.304 [12]. 
Unit: [1.28 seconds]



3.2	Connection Inactive procedure with CN based MT communication handling (TS 23.502 Section 4.8.1.1a)

This procedure may be initiated by the serving NG-RAN node when CN based mobile terminating (MT) communication handling is requested for a UE that is configured with eDRX cycle value longer than 10.24 seconds for RRC_INACTIVE state and has at least one PDU session with active user plane as defined in clause 5.31.7 of TS 23.501 [2].
[image: ]
Figure 4.8.1.1a-1: NG-RAN initiated Connection Inactive procedure with CN based MT communication handling
0.	The UE is registered in the network with negotiated eDRX parameters for CM-IDLE state and is in CM-CONNECTED with RRC_CONNECTED state. The AMF provides the eDRX cycle value for CM-IDLE state to NG-RAN as part of the RRC Inactive Assistance Information as defined in clause 5.3.3.2.5 of TS 23.501 [2]. The AMF also includes support indication of CN based MT communication handling for UE in CM-CONNECTED with RRC_INACTIVE state.
1.	NG-RAN determines eDRX cycle value for UE in RRC_INACTIVE state and decides to transit the UE to RRC_INACTIVE state with CN based MT communication handling.
2.	The NG-RAN sends N2 message to AMF indicating the UE is transitioning to RRC_INACTIVE state and the CN handles MT communication. The NG-RAN also provides the eDRX cycle value for RRC_INACTIVE to AMF.
Editor’s note:	Whether the N2 message to be used is a new message or an existing message, e.g. N2 notification, needs coordination with RAN WG considering also if it’s NGAP class 1 or class 2 procedure.
3.	For each of the PDU sessions with user plane resources have been activated, the AMF invokes Nsmf_PDUSession_UpdateSMContext Request (PDU Session ID, Cause, Operation type, User Location Information, Age of Location Information, N2 SM Information (Secondary RAT usage data)) towards SMF. The Operation Type is set to a value that indicates to stop user plane DL data transmissions towards the UE and enable data buffering. The SMF starts data buffering for MT data if the data buffering is handled in SMF.
Editor’s note:	Whether an existing Operation Type is used, e.g. "UP Suspend", or another value is used needs coordination with CT WG.
4.	If data buffering is handled in the UPF, the SMF updates the UPF with proper rules for MT data handling.
5.	The SMF sends the Nsmf_PDUSession_UpdateSMContext response.
6.	The AMF sends N2 response to NG-RAN acknowledging the indication and the AMF considers the UE is in CM-CONNECTED with RRC_INACTIVE state.
7.	NG-RAN initiates state transition from RRC_CONNECTED to RRC_INACTIVE with RRC configuring eDRX cycle value as specified in TS 38.300 [9].

4	Conclusion
In this contribution, we continue the discussion on the relevant details for enhancements of eDRX. Based on the discussion in the previous section we have the following observations and the proposals:

Observation 1	In case different eDRX cycles are configured for RRC_IDLE and RRC_INACTIVE states, SFN calculation formula gives different PTW starting points.
Observation 2	There is a need to provide AMF with information regarding the eDRX cycles NG-RAN has configured along with the size of the PTW for eDRX cycles longer than 10.24 sec.


Proposal 1	When PH for CN and RAN paging overlaps and PTW is configured for both CN and RAN paging, the RRC_IDLE PTW is followed, i.e., PTW_start is according to the CN configured eDRX cycle and paging is monitored inside the PTW according to shortest of the UE specific DRX cycle, and the default DRX cycle.
Proposal 2	Confirm that N = 8 when RRC_INACTIVE eDRX cycle is configured with a value larger than 10.24 sec for RRC INACTIVE
Proposal 3	The value range for the size of PTW for RRC_INACTIVE is same as the value range for the size of PTW for RRC_IDLE, where the minimum and maximum are 1.28 s and 40.96 s, respectively.
Proposal 4	RAN informs AMF the size of PTW when a UE in RRC_INACTIVE is configured with a eDRX cycle larger than 10.24 sec. .
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