[bookmark: _Toc193024528]3GPP TSG-RAN WG2 Meeting #121-bis electronic	                                       R2-2303542
April 17-26, 2023


Agenda Item:	7.19.2
Source: 	CMCC	
Title:  	Discussion on eDRX in RRC_INACTIVE
WID/SID:	         NR_redcap_enh-Core
Document for:	Discussion and Decision
Introduction
In the last RAN2 meeting, the following items have been achieved:
	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.



Based on the discussion progress, we provide our view on the extended DRX design for the case eDRX cycle in RRC_INACTIVE >10.24s in this paper.
Discussion
The design of eDRX in RRC_INACTIVE in R17 [1] was listed as below:
	In RRC_INACTIVE state, if eDRX is configured by RRC, i.e., TeDRX, RAN , and/or upper layers, i.e., TeDRX, CN, as defined in clause 7.4:
-	If both TeDRX, CN and TeDRX, RAN are no longer than 1024 radio frames, T = min{TeDRX, RAN, TeDRX, CN}.
-	If TeDRX, CN is no longer than 1024 radio frames and no TeDRX, RAN is configured, T is determined by the shortest of UE specific DRX value configured by RRC and TeDRX, CN.
-	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;
-	else if TeDRX, RAN is no longer than 1024 radio frames:
-	During CN configured PTW, T is determined by the shortest of the UE specific DRX value, if configured by upper layers and TeDRX, RAN, and a default DRX value broadcast in system information. Outside the CN configured PTW, T is determined by TeDRX, RAN.



In R17, the solutions for the case of eDRX cycle in RRC_INACTIVE <=10.24s were discussed. Since RAN2 was informed by SA2 that eDRX in RRC_INACTIVE is extended up to 10485.76 seconds, the solutions for eDRX cycle in RRC_INACTIVE >10.24s need to be further discussed based on the WI for enhanced support of reduced capability NR devices. 
From last RAN2 meeting, the following agreements relative to PTW in INACTIVE eDRX cycle was confirmed:
	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.



In [1], the PTW is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end).  The following formula was used to calculate the PH, PTW_start and PTW_end for the eDRX in RRC_IDLE in R17:
	PH, PTW_start and PTW_end are given by the following formula:
The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN= (UE_ID_H mod TeDRX_CN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) configured by upper layers.
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, where
-	ieDRX_CN = floor(UE_ID_H /TeDRX_CN) 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 upper layers



From the agreement of last meeting, the same formula of PH/PTW in R17 could be reused for enhanced INACTIVE eDRX. Because the eDRX cycle of the CN and RAN paging may be different, the PTW starting SFN determined by the formula above may be different when RAN and CN paging coincide in the same PH.  Considering the power saving issue, it is agreed that the PTW starting locations should be the same when RAN and CN paging coincide in the same PH. Therefore the solutions, which keep the PTW start at the same location when RAN and CN paging coincide in the same PH, should be discussed.
Since the RRC_INACTIVE UE should be reached by both RAN paging and CN paging due to the state mismatch issue between network and UE and the CN paging is negotiated by RAN and CN. Then when RAN and CN paging coincide in the same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by CN eDRX cycle. When RAN and CN paging is not located in same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by the formula using RAN eDRX cycle. 
Observation 1: Since the RRC_INACTIVE UE should be reached by both RAN paging and CN paging due to the state mismatch issue between network and UE and the CN paging is negotiated by RAN and CN. 
Proposal 1: when RAN and CN paging coincide in the same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by CN eDRX cycle. When RAN and CN paging is not located in same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by the formula using RAN eDRX cycle. 

Since the PTW length in INACTIVE eDRX cycle can be different from the CN PTW length and when RAN and CN paging coincide in the same PH, the PTW starting locations are the same, therefore the UE needs to monitor the longer PTW between the RAN and CN PTW to receive both RAN and CN paging completely and avoid the state mismatch between the UE and the network.
For combination of IDLE eDRX cycle >10.24s and INACTIVE eDRX cycle>10.24s , UE should monitor the paging with longer PTW of IDLE and INACTIVE eDRX. During this PTW, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, RAN DRX cycle value and a default DRX value broadcast in system information. 
Proposal 2: For combination of IDLE eDRX cycle >10.24s and INACTIVE eDRX cycle>10.24s , UE should monitor the paging with longer PTW of IDLE and INACTIVE eDRX. During this PTW, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, RAN DRX cycle value and a default DRX value broadcast in system information. 
 

Conclusion
In this contribution, we discussed eDRX cycle in RRC_INACTIVE. Following are our proposals:
Observation 1: Since the RRC_INACTIVE UE should be reached by both RAN paging and CN paging due to the state mismatch issue between network and UE and the CN paging is negotiated by RAN and CN. 
Proposal 1: when RAN and CN paging coincide in the same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by CN eDRX cycle. When RAN and CN paging is not located in same PH, the PTW starting locations for INACTIVE eDRX cycles longer than 10.24s could be determined by the formula using RAN eDRX cycle. 
Proposal 2: For combination of IDLE eDRX cycle >10.24s and INACTIVE eDRX cycle>10.24s, UE should monitor the paging with longer PTW of IDLE and INACTIVE eDRX. During this PTW, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, RAN DRX cycle value and a default DRX value broadcast in system information. 
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