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1 Introduction
As one of objectives of Rel-18 RedCap, enhanced eDRX in RRC_INACTIVE (>10.24s) will be supported. In the last meeting (i.e., RAN2#121), RAN2 made the following agreements for enhanced eDRX in RRC_INACTIVE (>10.24s).
	RAN2#121

· 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 and propose further progress based on these agreements.
2 Discussion
2.1 Restriction for SIB indication and UE capability
In TS 38.331 [1], two indications (eDRX-AllowedIdle and eDRX-AllowedInactive) are defined in SIB1 to support Rel-17 eDRX. gNB indicates whether it allows IDLE eDRX in the cell via eDRX-AllowedIdle. eDRX-AllowedInactive is used to indicate whether the cell allows INACTIVE eDRX (≤10.24s).
	eDRX-AllowedIdle

The presence of this field indicates that extended DRX for CN paging is allowed in the cell for UEs in RRC_IDLE or RRC_INACTIVE. The UE shall stop using extended DRX for CN paging in RRC_IDLE or RRC_INACTIVE if eDRX-AllowedIdle is not present.

	eDRX-AllowedInactive

The presence of this field indicates that extended DRX for RAN paging is allowed in the cell for UEs in RRC_INACTIVE. The UE shall stop using extended DRX for RAN paging in RRC_INACTIVE if eDRX-AllowedInactive is not present.


Presence of eDRX-AllowedInactive in SIB is dependent on eDRX-AllowedIdle. i.e., Only if the cell allows eDRX-AllowedIdle, eDRX-AllowedInactive can be present (eDRX-AllowedInactive is allowed)
	Conditional Presence
	Explanation

	EDRX-RC
	The field is optionally present, Need R, in a cell that enables eDRX-AllowedIdle, otherwise it is absent.


Meanwhile, in the last meeting, RAN2 agreed to introduce 1bit indication in SIB to indicate whether UEs are allowed to use INACTIVE eDRX > 10.24s. For example, this can be defined in TS 38.331 as eDRX-AllowedInacitve-long with the following field description.
	eDRX-AllowedInactive-long
The presence of this field indicates that extended DRX for RAN paging longer than 10.24s is allowed in the cell for UEs in RRC_INACTIVE. The UE shall stop using extended DRX for RAN paging longer than 10.24s in RRC_INACTIVE if eDRX-AllowedInactive-long is not present.


Then, RAN2 needs to define the condition of its presence. As Option 1, this parameter can be present in SIB1 without any restriction. We understand it implies INACTIVE eDRX > 10.24s can be configured and performed regardless of IDLE eDRX configuration. In Option 2, a cell can allow INACTIVE eDRX > 10.24s (i.e., eDRX-AllowedInactive-long is present) only if it allows IDLE eDRX (i.e., eDRX-AllowedIdle is present). Alternatively (i.e., Option 3), a cell can allow INACTIVE eDRX > 10.24s (i.e., eDRX-AllowedInactive-long is present) only if it allows both IDLE eDRX and INACTIVE eDRX ≤ 10.24s (i.e., both eDRX-AllowedIdle and eDRX-AllowedInactive are present). Considering the presence of eDRX-AllowedInactive implies the presence of eDRX-AllowedIdle, the condition with eDRX-AllowedIdle can be removed.
Proposal 1. Discuss the presence condition of SIB1 indication for INACTIVE eDRX > 10.24s

- Option 1. A cell can allow INACTIVE eDRX > 10.24s, without any restriction

- Option 2. A cell can allow INACTIVE eDRX > 10.24s, only if it allows IDLE eDRX

- Option 3. A cell can allow INACTIVE eDRX > 10.24s, only if it allows (IDLE eDRX and) INACTIVE eDRX ≤ 10.24s
Similarly, in Rel-17, IDLE eDRX and INACTIVE eDRX (≤10.24s) are defined as UE capability in TS 38.306 [2]. 
	Definitions for feature

	Rel-17 extended DRX in RRC_IDLE

It is optional for UE to support Rel-17 extended DRX cycle up to 10485.76 seconds and paging in extended DRX in RRC_IDLE as specified in TS 38.331 [9] and TS 38.304 [21]. A UE that supports extended DRX shall also support inactiveStatePO-Determination-r17.


	extendedDRX-CycleInactive-r17

Indicates whether UE supports the extended DRX in RRC_INACTIVE with values of 256, 512 and 1024 radio frames as specified in TS 38.331 [9]. The UE may indicate support for extended DRX in RRC_INACTIVE only if it supports extended DRX in RRC_IDLE.
	UE
	No
	No
	No


The support of IDLE eDRX is optional, but it is not reported to NW. However, the support of INACTIVE eDRX (≤10.24s) is reported to gNB, then gNB can determine whether to configure INACTIVE eDRX (≤10.24s) to UE. Similar to SIB indication, extendedDRX-CycleInactive can be present (i.e., support of INACTIVE eDRX ≤10.24s) only if UE supports IDLE eDRX. Given extendedDRX-CycleInactive is for INACTIVE eDRX (≤10.24s), we think a new capability to indicate whether UE supports INACTIVE eDRX (>10.24s) should be defined as Rel-18 parameter. Besides, its presence condition can be discussed together. Three options can be considered in similar way to SIB indication. In Option 1, UE can support INACTIVE eDRX (>10.24s) without any restriction. In Option 2, UE can support INACTIVE eDRX (>10.24s), only if it supports IDLE eDRX. In Option 3, UE can support INACTIVE eDRX > 10.24s only if it supports (IDLE eDRX and) INACTIVE eDRX ≤ 10.24s (i.e., extendedDRX-CycleInactive)
Proposal 2. Introduce a new UE capability to indicate whether UE supports INACTIVE eDRX > 10.24s.
Proposal 3. Discuss the presence condition of the new UE capability for INACTIVE eDRX > 10.24s
- Option 1. UE can support INACTIVE eDRX > 10.24s, without any restriction.
- Option 2. UE can support INACTIVE eDRX > 10.24s, only if it supports IDLE eDRX.
- Option 3. UE can support INACTIVE eDRX > 10.24s, only if it supports (IDLE eDRX and) INACTIVE eDRX ≤ 10.24s.
2.2 INACITVE eDRX > 10.24s and IDLE eDRX > 10.24s 
In this section, we first discuss paging monitoring cycle when INACITVE eDRX > 10.24s and IDLE eDRX > 10.24s. In Rel-17, when UE is configured with IDLE eDRX (i.e., TeDRX, CN) >10.24s and the cell allows IDLE eDRX, paging monitoring cycle (T) UE uses are summarized as:
	· When UE is in RRC_IDLE,
· When TeDRX, CN  > 10.24sec, 

· During CN PTW, T = min (UE specific DRX cycle, default DRX cycle)

· Outside CN PTW, No paging monitoring

· When UE is in RRC_INACTIVE,
· When TeDRX, CN  > 10.24sec,
· When TeDRX, RAN is not configured,
· During CN PTW, T = min (UE specific DRX cycle, default DRX cycle, RAN paging cycle)

· Outside CN PTW, T= RAN paging cycle

· When TeDRX, RAN ≤ 10.24sec,
· During CN PTW, T = min (UE specific DRX cycle, default DRX cycle, TeDRX, RAN)

· Outside CN PTW, T = TeDRX, RAN


If we focus on “CN paging” monitoring, when IDLE eDRX (i.e., TeDRX, CN) >10.24s, UE (in RRC_IDLE or RRC_INACTIVE) monitors CN paging during CN configured PTW with the periodicity of min (UE specific DRX cycle, default DRX cycle) same as legacy, but UE does not monitor CN paging outside CN configured PTW. Similarly, if INACTIVE eDRX > 10.24s is introduce in Rel-18, RAN configured PTW is defined. Then, UE in RRC_INACTIVE needs to monitor “RAN paging” during RAN configured PTW with periodicity of RAN paging cycle, but there is no need to monitor RAN paging outside RAN configured PTW. 
Having these in mind, when UE is configured with IDLE eDRX > 10.24s and INACTIVE eDRX > 10.24s, and the cell allows INACTIVE eDRX (>10.24s) and IDLE eDRX via SIB1, the paging monitoring cycle (T) UE in RRC_INACTIVE uses can be summarized as:

1) During CN PTW and during RAN PTW, T = min (default DRX cycle, UE specific DRX cycle, RAN paging cycle)

2) During CN PTW and outside RAN PTW, T = min (default DRX cycle, UE specific DRX cycle)

3) Outside CN PTW and during RAN PTW, T = RAN paging cycle

4) Outside CN PTW and outside RAN PTW, No paging monitoring
Proposal 4. When UE is configured with IDLE eDRX > 10.24s and INACTIVE eDRX > 10.24s, and the cell allows INACTIVE eDRX (>10.24s) and IDLE eDRX via SIB1, the paging monitoring cycle (T) UE in RRC_INACTIVE uses can be summarized as:

1) During CN PTW and during RAN PTW, T = min (default DRX cycle, UE specific DRX cycle, RAN paging cycle)

2) During CN PTW and outside RAN PTW, T = min (default DRX cycle, UE specific DRX cycle)

3) Outside CN PTW and during RAN PTW, T = RAN paging cycle

4) Outside CN PTW and outside RAN PTW, No paging monitoring

In last meeting, RAN2 agreed to align starting points of CN PTW and RAN PTW, if they coincide in the same PH (Paging Hyperframe). In Rel-17, CN PTW is defined, and its staring SFN is defined as:
	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


Taking into account RAN2 also agreed to reuse the formula of CN PTW, we propose 2 options for RAN PTW_start calculation to align RAN PTW_start with legacy CN PTW_start.
· Option 1. TeDRX_CN is used: 
· SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8) 
· Option 2. TeDRX_CN is used in overlapping PH, and TeDRX_RAN is used in non-overlapping PH:
· In overlapping PH, SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8

· In non-overlapping PH,  SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_RAN) mod 8

Proposal 5. Discuss how to determine starting SFN of RAN configured PTW:

· Option 1. TeDRX_CN is used: 
· SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8) 
· Option 2. TeDRX_CN is used in overlapping PH, and TeDRX_RAN is used in non-overlapping PH:

· In overlapping PH, SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8

· In non-overlapping PH,  SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_RAN) mod 8
2.3 Fallback behavior in cell not supporting INACTIVE eDRX > 10.24s
In section 2.1, we discussed on SIB1 indication for INACTIVE eDRX > 10.24s. In this section, we discuss on the case when UE is configured with INACTIVE eDRX > 10.24s, but the cell UE newly reselects does not allow INACTIVE eDRX > 10.24s (i.e., absence of the SIB1 indication). In such case, UE cannot use INACTIVE eDRX cycle (> 10.24s) configured via RRCRelease to monitor RAN paging. Alternatively, three options can be discussed to determine the monitoring periodicity for RAN paging. As Option 1, UE can monitor RAN paging with RAN paging cycle, which means UE falls back to legacy (Rel-15). In Option 2, UE can fall back INACTIVE eDRX cycle (< 10.24s), if it was configured together with INACTIVE eDRX cycle (> 10.24s) via RRCRelease. Otherwise (i.e., INACTIVE eDRX cycle < 10.24s was not configured together), UE falls back to Option 1 (RAN paging cycle). To enable this option, NW should be able to configure both INACTIVE eDRX cycle (< 10.24s) and INACTIVE eDRX cycle (> 10.24s) together via RRCRelease. As the last option (i.e., Option 3), UE uses the longest cycle the cell allows for RAN paging monitoring. In order words, if the cell allows INACTIVE eDRX ≤ 10.24s, UE monitors RAN paging with 10.24s (which is the longest cycle the cell allows). Otherwise (i.e., the cell does not allow both INACTIVE eDRX ≤ 10.24s and INACTIVE eDRX > 10.24s), UE monitors RAN paging with RAN paging cycle. 
Proposal 6. Discuss which options can be adopted, when UE is configured with INACTIVE eDRX > 10.24s, but the cell does not allow INACTIVE eDRX > 10.24:
· Option 1. UE monitors RAN paging with RAN paging cycle.
· Option 2
· UE monitors RAN paging with INACTIVE eDRX cycle (< 10.24s), if it was configured.
· UE monitors RAN paging with RAN paging cycle, otherwise (i.e., if INACTIVE eDRX cycle (< 10.24s) was not configured).
· Option 3
· UE monitors RAN paging with 10.24s, if the cell allows INACTIVE eDRX ≤ 10.24s
· UE monitors RAN paging with RAN paging cycle, otherwise (i.e., if the cell does not allow INACTIVE eDRX ≤ 10.24s as well)
3 Conclusion

Based on the above, RAN2 is requested to discuss on the following proposals:
Proposal 1. Discuss the presence condition of SIB1 indication for INACTIVE eDRX > 10.24s

- Option 1. A cell can allow INACTIVE eDRX > 10.24s, without any restriction

- Option 2. A cell can allow INACTIVE eDRX > 10.24s, only if it allows IDLE eDRX

- Option 3. A cell can allow INACTIVE eDRX > 10.24s, only if it allows (IDLE eDRX and) INACTIVE eDRX ≤ 10.24s
Proposal 2. Introduce a new UE capability to indicate whether UE supports INACTIVE eDRX > 10.24s.
Proposal 3. Discuss the presence condition of the new UE capability for INACTIVE eDRX > 10.24s
- Option 1. UE can support INACTIVE eDRX > 10.24s, without any restriction.
- Option 2. UE can support INACTIVE eDRX > 10.24s, only if it supports IDLE eDRX.
- Option 3. UE can support INACTIVE eDRX > 10.24s, only if it supports (IDLE eDRX and) INACTIVE eDRX ≤ 10.24s.

Proposal 4. When UE is configured with IDLE eDRX > 10.24s and INACTIVE eDRX > 10.24s, and the cell allows INACTIVE eDRX (>10.24s) and IDLE eDRX via SIB1, the paging monitoring cycle (T) UE in RRC_INACTIVE uses can be summarized as:

1) During CN PTW and during RAN PTW, T = min (default DRX cycle, UE specific DRX cycle, RAN paging cycle)

2) During CN PTW and outside RAN PTW, T = min (default DRX cycle, UE specific DRX cycle)

3) Outside CN PTW and during RAN PTW, T = RAN paging cycle

4) Outside CN PTW and outside RAN PTW, No paging monitoring

Proposal 5. Discuss how to determine starting SFN of RAN configured PTW:

· Option 1. TeDRX_CN is used: 
· SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8) 
· Option 2. TeDRX_CN is used in overlapping PH, and TeDRX_RAN is used in non-overlapping PH:

· In overlapping PH, SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8

· In non-overlapping PH,  SFN = 128 * ieDRX_RAN, where ieDRX_RAN = floor(UE_ID_H /TeDRX_RAN) mod 8
Proposal 6. Discuss which options can be adopted, when UE is configured with INACTIVE eDRX > 10.24s, but the cell does not allow INACTIVE eDRX > 10.24:

· Option 1. UE monitors RAN paging with RAN paging cycle.
· Option 2
· UE monitors RAN paging with INACTIVE eDRX cycle (< 10.24s), if it was configured.
· UE monitors RAN paging with RAN paging cycle, otherwise (i.e., if INACTIVE eDRX cycle (< 10.24s) was not configured).
· Option 3
· UE monitors RAN paging with 10.24s, if the cell allows INACTIVE eDRX ≤ 10.24s
· UE monitors RAN paging with RAN paging cycle, otherwise (i.e., if the cell does not allow INACTIVE eDRX ≤ 10.24s as well)
4 References

[1] TS 38.331, V17.4.0, Radio Resource Control (RRC) protocol specification, TSG RAN, 3GPP
[2] TS 38.306, V17.4.0, User Equipment (UE) radio access capabilities, TSG RAN, 3GPP
