3GPP TSG-RAN WG2 #121bis-e	Tdoc R2-2304063
Electronic meeting, 17th – 26th April 2023	

Agenda Item:	7.19.2
Source:	Ericsson
Title:	Extending eDRX cycles in RRC_INACTIVE
Document for:	Discussion, Decision
1	Introduction
The discussion on support of reduced capability (RedCap) NR devices WI (RP-223544) continues in RAN2. The WID has the following objectives on enhancement of extended DRX: 
	· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement.



In RAN2#121, the following agreements were made on eDRX enhancements

	· The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
· RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
· It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
· When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
· PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
· Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
· Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message
· Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
· FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
· RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
· Indicate to [RAN3/SA2/CT1] that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT), and ask for feedback, if any.
· RAN2 sent an LS to SA2, CT1 and RAN3 in R2-2302082 informing them that in Rel-18, RAN2 intends to allow configuring eDRX beyond 10.24 sec in RRC_INACTIVE together with SDT features (including MO and/or MT versions of SDT).




In this contribution, we discuss the open issues regarding the eDRX enhancements.
2	PTW configurations for RAN and CN paging
When a UE is configured with eDRX cycle larger than 10.24 s, paging time window (PTW) is configured. PTW configuration includes paging hyperframe (PH), PTW_start, PTW_end, maximum PTW length, minimum PTW length and PTW step granularity. The calculation of PH, PTW_start and PTW_end is done at the CN and/or RAN, while for the rest of the parameters the network negotiates a value from the set of predefined values. Specially, PH, PTW_start and PTW_end are given by the following formula:

	The PH for CN/RAN paging is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN/RAN = (UE_ID_H mod TeDRX_CN/RAN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID 
· For CN this information is already available
· For RAN paging we have 10 bits of the UE Identity Index Value in Core Network Assistance Information, which needs to be extended to 13 to account for all the eDRX values. 
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) configured by CN.
-	TeDRX_RAN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_RAN = 2, …, 1024 Hyper-frames) configured by RAN.

PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 128 * ieDRX_CN/RAN, where
-	ieDRX_CN/RAN = floor(UE_ID_H /TeDRX_CN/RAN) mod 8

PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window (PTW) length (in seconds) configured by CN and/or RAN.



The CN and RAN paging can have different eDRX cycle (TeDRX_CN/RAN) and these PTWs can occur in different or same hyper frame. 

RAN2 confirmed the following Rel-17 agreements made at RAN2#114: 
“It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.”
“When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.”

Since it has been agreed in RAN2 that the RAN PTW length can be different from the CN PTW length, we need to discuss the UE behavior for cases when PTWs for CN and RAN paging overlap assuming that starting locations for PTWs are the same. There are a few possible ways to achieve this:

· Use TeDRX_CN = TeDRX_RAN to determine the PTW start for RAN paging. In this way the PTW_start calculation will give the same radio frame for both CN and RAN paging. The PTW_length can still be different, which will result into different PTW_end for RAN paging and CN paging. 

· Use only one PTW in overlapped PH, since the UE monitors CN paging to avoid state mismatch. In this way the UE follows the CN configured PTW in overlapped PH for monitoring paging for both CN paging and RAN paging. 

In both the cases, RAN paging will be sent in CN configured PTW and the RAN PTW configuration is not used in the overlapped paging hyper frames. 

Observation 1 When RAN and CN paging coincide in the same PH, PTW_start is the same for RAN and CN paging. 

When the starting location of CN and RAN PTW is same, we will have same PTW_start for both RAN and CN paging and different PTW_end for both RAN and CN paging, if different PTW lengths are configured. If PTW lengths are configured for RAN and CN, we can have a case where the CN PTW can be longer than the RAN PTW (resulting in overlapped CN/RAN PTW and non-overlapped CN PTW) or the PTWs are equal (resulting in overlapped CN/RAN PTW) or the CN PTW is shorter than RAN PTW (resulting in overlapped CN/RAN PTW and non-overlapped RAN PTW).  

Determination of Paging in overlapped PH

Now the paging within the PTW is to be monitored as per T. Paging inside the CN PTW is already specified in TS 38.304 for scenarios when only CN PTW is configured. 

If TeDRX, CN is longer than 1024 radio frames:
-	If TeDRX, RAN is not configured:
-	During CN configured PTW, 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. Outside the CN configured PTW, T is determined by the UE specific DRX value configured by RRC;
In the above scenario we only have CN PTW configuration and the RAN PTW is not configured. However, for the cases when both TeDRX, CN and TeDRX, RAN are longer than 1024 radio frames i.e., CN and RAN PTW is configured, then the T can be determined as follows: 

· [bookmark: _Hlk131702532]During CN and RAN configured PTW, for the overlapped part: 
· T = min (UE specific DRX value if configured by upper layers, UE specific DRX value if configured by upper layers RRC, and a default DRX value broadcast in system information)
· [bookmark: _Hlk131702584]During CN and RAN configured PTW if partially overlapped where CN PTW is longer than RAN PTW, for the non-overlapped part: 
· T = min (UE specific DRX value if configured by upper layers, and a default DRX value broadcast in system information) 
· During CN and RAN configured PTW if partially overlapped where RAN PTW is longer than CN PTW, for the non-overlapped part: 
· T = min (UE specific DRX value if configured by RRC, and a default DRX value broadcast in system information) 


When PHs for CN and RAN paging overlap and PTW is configured for both CN and RAN paging, UE monitors for both CN and RAN paging during PTW where there is overlap. 

When PHs for CN and RAN paging overlap and PTW is configured for both CN and RAN paging, T is determined as follows:  
· During CN and RAN configured PTW, for the overlapped part:: 
· T = min (UE specific DRX value if configured by upper layers, UE specific DRX value if configured by upper layers RRC, and a default DRX value broadcast in system information)
· During CN and RAN configured PTW if partially overlapped where CN PTW is longer than RAN PTW, for the non-overlapped part  : 
· T = min (UE specific DRX value if configured by upper layers, and a default DRX value broadcast in system information) 
· During CN and RAN configured PTW if partially overlapped where RAN PTW is longer than CN PTW, for the non-overlapped part:  
· T = min (UE specific DRX value if configured by RRC, and a default DRX value broadcast in system information) 
3	RAN2 signalling and fallback mechanism
The signalling of INACTIVE eDRX in a cell can be different for UEs supporting Release-17 (up to 10.24 s) and Release-18 (longer than 10.24s) and the fallback mechanism needs to be discussed therein. RAN2 has previously agreed the following regarding the indication for support in the serving cell:

“Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.”

The indication of Release 18 eDRX cycle longer than 10.24 s in RRC_INACTIVE can be present in SIB1 only if the gNB supports this. It is related to the capability discussion as the fallback depends on whether the support is associated with eDRX, i.e., longer than 10.24 s, in RRC_INACTIVE. 

“FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this”


A UE in RRC_INACTIVE configured with Rel-18 eDRX falls back to Rel-17 eDRX configuration in RRC_INACTIVE, if configured and the serving cell does not support Rel-18 eDRX but it supports Rel-17 eDRX.


Relationship between Rel-17 eDRX and Rel-18 eDRX in RRC_INACTIVE

RAN2 has previously agreed to introduce eDRX as an optional feature for all types of UEs e.g., RedCap and Non-RedCap. Similarly, for Release 18 UEs INACTIVE eDRX can be applied as per the following agreement. 

“RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.”

It is FFS, whether only UEs capable of Release 17 eDRX can support Release 18 eDRX. We think that support for Rel-17 eDRX in RRC_INACTIVE should be required to support Rel-18 eDRX in RRC_INACTIVE.


[bookmark: _Hlk131707802]Support for Rel-17 eDRX in RRC_INACTIVE is required to support Rel-18 eDRX in RRC_INACTIVE. 


UEs are allowed to use Rel-18 eDRX in RRC_INACTIVE, if configured and indicated, regardless of whether it is allowed to use Rel-17 eDRX in RRC_INACTIVE in the serving cell.


UEs are allowed to use Rel-18 eDRX in RRC_INACTIVE, if configured and indicated, regardless of whether it is allowed to use Rel-17 eDRX in RRC_INACTIVE in the serving cell. 



5	Conclusion
In this contribution, we continue the discussion on the relevant details for enhancements of eDRX. Based on the discussion in the previous sections we propose the following:

1. When RAN and CN paging coincide in the same PH, PTW_start is the same for RAN and CN paging. 

1. When PHs for CN and RAN paging overlap and PTW is configured for both CN and RAN paging, UE monitors for both CN and RAN paging during PTW where there is overlap. 

When PHs for CN and RAN paging overlap and PTW is configured for both CN and RAN paging, T is determined as follows:  
· During CN and RAN configured PTW, for the overlapped part:: 
· T = min (UE specific DRX value if configured by upper layers, UE specific DRX value if configured by upper layers RRC, and a default DRX value broadcast in system information)
· During CN and RAN configured PTW if partially overlapped where CN PTW is longer than RAN PTW, for the non-overlapped part  : 
· T = min (UE specific DRX value if configured by upper layers, and a default DRX value broadcast in system information) 
· During CN and RAN configured PTW if partially overlapped where RAN PTW is longer than CN PTW, for the non-overlapped part:  
· T = min (UE specific DRX value if configured by RRC, and a default DRX value broadcast in system information) 

A UE in RRC_INACTIVE configured with Rel-18 eDRX falls back to Rel-17 eDRX configuration in RRC_INACTIVE, if configured and the serving cell does not support Rel-18 eDRX but it supports Rel-17 eDRX.

Support for Rel-17 eDRX in RRC_INACTIVE is required to support Rel-18 eDRX in RRC_INACTIVE. 

UEs are allowed to use Rel-18 eDRX in RRC_INACTIVE, if configured and indicated, regardless of whether it is allowed to use Rel-17 eDRX in RRC_INACTIVE in the serving cell.
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