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1. Introduction
In RAN2#121bis meeting, we have the following agreements on eDRX in RRC_INACTIVE [1].

	· Introduce an optional UE capability with signalling for Rel-18 enhanced eDRX in RRC_INACTIVE.

· UE can support Rel-18 enhanced eDRX, only if it supports Rel-17 RRC_IDLE eDRX. TBD if it must also support Rel-17 RRC_INACTIVE eDRX.

· A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedIdle is configured. TBD if it must also configure Rel-17 RRC_INACTIVE eDRX. 

· UEs configured with Rel-18 enhanced INACTIVE eDRX should apply Rel-18 enhanced INACTIVE eDRX if Rel-18 enhanced INACTIVE eDRX is allowed in the serving cell, regardless of whether Rel-17 INACTIVE eDRX is allowed in the serving cell.

· UEs configured with Rel-18 enhanced INACTIVE eDRX should apply INACTIVE DRX if both Rel-18 enhanced INACTIVE eDRX and Rel-17 INACTIVE eDRX are not allowed in the serving cell.

· Working assumption (pending specification complexity and NW complexity evaluation): UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX.

· Introduce a new IE for INACTIVE eDRX to include the eDRX cycle values larger than 10.24s.

· Following cases are invalid: 

Case 1: UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle but not configured with the IDLE eDRX cycle.

Case 2: UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle longer than the IDLE eDRX cycle.

· RAN PTW length is mandatorily present within Rel-18 INACTIVE eDRX’s configuration.

· Use the same UE_ID_H as IDLE eDRX for calculating the PH for RAN paging when INACTIVE eDRX is longer than 10.24s.

· Use TeDRX_RAN instead of TeDRX_CN to calculate the PH for RAN paging when TeDRX_RAN is longer than 10.24s.

· For the overlapping PH, RAN PTW starting location is determined based on CN eDRX cycle.

· For the non-overlapping PH, PTW starting location for RAN PTW is determined based on the CN eDRX cycle.

· In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle

· If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.

· In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.

· Legacy systemInfoModification-eDRX indication in Short message and eDRX modification boundaries are also applicable for Rel-18 UEs configured with INACTIVE eDRX > 10.24sec, and in this case, the CN eDRX cycle is used to compare with the modification period.




This paper will discuss the remaining issues when eDRX in RRC_INACTIVE>10.24s, which includes the pre-requisites for UE supporting/NW allowing INACTIVE eDRX>10.24s, fallback issues, PTW details and paging monitor mechanism. 
2. Discussion
2.1. Pre-requisites for UE capability on enhanced INACTIVE eDRX

In Rel-17, we have agreed it is optional for UEs to support INACTIVE eDRX cycle no longer than 10.24s and introduced a UE capability, i.e. extendedDRX-CycleInactive-r17 to indicate the UE supports INACTIVE eDRX cycle no longer than 10.24s [2]. And in RAN2#121bis meeting, it is agreed to introduce an optional UE capability signalling for Rel-18 enhanced eDRX in RRC_INACTIVE. However, whether UE supporting Rel-18 enhanced eDRX must also support Rel-17 RRC_INACTIVE eDRX should be further discussed. 
	· Introduce an optional UE capability with signalling for Rel-18 enhanced eDRX in RRC_INACTIVE.

· UE can support Rel-18 enhanced eDRX, only if it supports Rel-17 RRC_IDLE eDRX. TBD if it must also support Rel-17 RRC_INACTIVE eDRX.


In our view, it is reasonable that UE supports Rel-18 enhanced eDRX in RRC_INACTIVE also supports Rel-17 INCATIVE eDRX directly since Rel-18 enhanced eDRX in RRC_INACTIVE is an enhanced capability on Rel-17 INACTIVE eDRX, otherwise, it seems strange that there is a discontinuity for UE paging monitoring, i.e. UE could monitor paging based on DRX cycle from 0.32s to 2.56s and based on eDRX cycle longer than 10.24s, while UE couldn’t monitor paging based on eDRX cycle from 2.56s to 10.24s. Besides, there is no other effort for the UE supporting Rel-18 enhanced eDRX in RRC_INACTIVE to also support Rel-17 INACTIVE eDRX since Rel-17 INACTIVE eDRX only involves eDRX cycle and UE supporting Rel-18 enhanced eDRX in RRC_INACTIVE has been designed to support extended paging cycle.

With the above discussion, we think it is a simple design that mandatory UE supporting Rel-18 enhanced eDRX in RRC_INACTIVE to also support Rel-17 INACTIVE eDRX. On the contrary, it is difficult to require UE supporting Rel-17 INACTIVE eDRX to also support Rel-18 enhanced eDRX in RRC_INACTIVE, since the UE only supporting Rel-17 INACTIVE eDRX couldn’t understand the INACTIVE PTW information for Rel-18 enhanced eDRX in RRC_INACTIVE without upgrade. 

Hence, we propose:
Proposal 1: Introducing separate UE capability for Rel-18 enhanced eDRX in RRC_INACTIVE from Rel-17 RRC_INACTIVE eDRX:
· For UE supporting Rel-18 enhanced eDRX in RRC_INACTIVE, it is mandatory to support Rel-17 RRC_INACTIVE eDRX.

· For UE supporting Rel-17 RRC_INACTIVE eDRX, it may not support Rel-18 enhanced eDRX in RRC_INACTIVE.

2.2. Pre-requisites for UE capability on enhanced INACTIVE eDRX
In RAN2#121 meeting, we have the following agreement:

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


Besides, in current NR specification, there are 1 bit indication in SIB1 for R17 INACTIVE eDRX, which are as follows [2]:

eDRX-AllowedInactive-r17     ENUMERATED {true}                 OPTIONAL,  -- Cond EDRX-RC

	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.


Observation 1: There are 2 bits indications in SIB1 separately to indicate whether UEs are allowed in the cell to use the R17 INACTIVE eDRX or R18 INACTIVE eDRX. 

Similar to UE capability, it should be further discussed whether a cell that supports Rel-18 INACTIVE eDRX cycle must support Rel-17 RRC_INACTIVE eDRX cycle based on the agreement in RAN2#121bis meeting. 
	· A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedIdle is configured. TBD if it must also configure Rel-17 RRC_INACTIVE eDRX. 


In our view, it is natural for a gNB which supports Rel-18 INACTIVE eDRX also supports Rel-17 RRC_INACTIVE eDRX to accommodate UEs with different power saving requirements considering that the Rel-18 INACTIVE eDRX is an enhanced feature on Rel-17 RRC_INACTIVE eDRX. Besides, there is also no additional effort for gNB supporting Rel-18 INACTIVE eDRX to also support Rel-17 RRC_INACTIVE eDRX. 
Hence, we propose:

Proposal 2: For a cell has indicated support for Rel-18 INACTIVE eDRX, it also supports Rel-17 RRC_INACTIVE eDRX.
2.3. UE fallback behaviour for INACTIVE eDRX

In RAN2#121bis meeting, we have the following working assumption on UE fallback for inactive eDRX [1], 

	· Working assumption (pending specification complexity and NW complexity evaluation): UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX.


In our view, if a UE is configured with Rel-18 INACTIVE eDRX, it implies that it has high power requirements. If the INACTIVE UE moves to a cell which only indicates to support Rel-17 INACTIVE eDRX cycle, then the UE couldn’t use Rel-18 INACTIVE eDRX for paging monitoring. In this case, if the UE falls back to legacy DRX cycle, i.e. the UE has to monitor paging based on paging DRX cycle outside the CN PTW, the power saving gain couldn’t be acquired on RAN paging and the UE may not work to the expected battery life. Hence it is beneficial to help UE to reduce as much power consumption as possible, and UE falls back to use R17 INACTIVE eDRX cycle in this case could help to reduce the power consumption outside the CN PTW. 
Observation 2: UE falls back to Rel-17 INACTIVE eDRX could reduce power consumption.

Proposal 3: UE falls back to use Rel-17 INACTIVE eDRX if capable means UE could use Rel-17 INACTIVE eDRX to monitor RAN paging outside the CN PTW.

Regarding how to support UE fallback to Rel-17 INACTIVE eDRX, the following two alternatives could be considered:

Alternative 1 : gNB configures the Rel-17 INACTIVE eDRX cycle for a UE when it configures the Rel-18 INACTIVE eDRX for this UE.
Alternative 2 : UE configured with Rel-18 INACTIVE eDRX will fall back to use default Rel-17 INACTIVE eDRX cycle, e.g. 10.24s when it moves to a cell with only indication to support for Rel-17 INACTIVE eDRX. Furthermore, one indication could be introduced to indicate whether UE could fall back to Rel-17 INACTIVE eDRX cycle in this case. 

In RAN2#121bis meeting, alternative 1 is widely supported and was captured in the working assumption. In our view, both alternatives could work, and we could further discuss the above two alternatives. In RAN2#121bis meeting, opponents have concerns about the specification and NW complexity brought by UE fallback. And we will give detailed analysis of the NW and specification complexity for the UE fallback.
In our view, the UE fallback behaviour isn’t a complex procedure and the specification and NW complexity brought by the behaviour will not be high. For alternative 1, one enhancement for gNB is to configure Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX simultaneously if the gNB and UE both support Rel-18 INACTIVE eDRX and Rel-17 INACTIVE eDRX. And for alternative 2, one enhancement may be the gNB needs to configure an indication to indicate the UE fallback behaviour or capturing an additional note in specification for the UE fallback behaviour.  Besides both alternatives require the XnAP RAN paging signalling to convey both Rel-18 INACTIVE eDRX and Rel-17 INACTIVE eDRX information to inform the target gNB that UE could support and use both Rel-18 INACTIVE eDRX and Rel-17 INACTIVE eDRX. Based on the above discussion, the additional gNB behaviour brought by the UE fallback isn’t very much and the NW complexity isn’t high. As for the specification complexity, since the new paging mechanism brought by R18 INACTIVE eDRX will anyway need to be captured in specification, the UE fallback behaviour only needs little additional description on the new paging mechanism, e.g. in sections 7.1 and 7.4 of TS 38.304.  Considering there are more complex procedures than UE fallback behaviour in current specification, the specification complexity isn’t a good excuse to block this enhancement which could bring much power saving gain.

Observation 3: The specification and NW complexity brought by the UE fallback to R17 INACTIVE eDRX will not be high.
Hence, we propose:
Proposal 4: UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. 

Proposal 5: RAN2 to discuss the following alternatives to help UE fall back to use Rel-17 INACTIVE eDRX:

· Alternative 1: gNB configures the Rel-17 INACTIVE eDRX cycle for a UE when it configures the Rel-18 INACTIVE eDRX for this UE.

· Alternative 2: UE configured with R18 INACTIVE eDRX will fall back to use default Rel-17 INACTIVE eDRX cycle, e.g. 10.24s when it moves to a cell with only indication to support for Rel-17 INACTIVE eDRX. Furthermore, one indication could be introduced to indicate whether UE could fall back to Rel-17 INACTIVE eDRX cycle in this case. 
2.4. PTW length issue 
For a UE configured with both IDLE eDRX and INACTIVE eDRX cycle longer than 10.24s, RAN PTW length can be different from the CN PTW length according to the following agreements in RAN2#121 meeting.

	· 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.


It is a common understanding that PTW is used to improve paging reliability, when IDLE PTW length is configured, the CN will ensure UE could receive the CN paging at least 1 time during the CN PTW, hence it could also be ensured that UE could receive the RAN paging at least 1 time during the RAN PTW if the RAN PTW length is same as CN PTW length. Hence there is no need for gNB to configure longer RAN PTW length considering the RAN paging is more frequent than CN paging. Even if the RAN paging is missed within the previous whole PTW, the latency of paging will not be severer than CN paging.

Based on these analyses, if UE could work well with the CN configured PTW on CN paging, it could certainly work well with the same PTW length on RAN paging, there are no additional benefits to configure a longer length for INACTIVE PTW. 
Proposal 6: The RAN PTW length should be no longer than the CN PTW length.
In RAN2#121bis meeting, RAN2 has the following agreements on the PTW start calculation.
	· For the overlapping PH, RAN PTW starting location is determined based on CN eDRX cycle.

· For the non-overlapping PH, PTW starting location for RAN PTW is determined based on the CN eDRX cycle.


However, in the overlapping PH, it should be further discussed that using the RAN PTW length or CN PTW length to determine the RAN PTW end. In RAN2#121bis meeting, some companies[3][4]prefer to use the CN PTW length to derive the PTW ending location while most companies prefer to use separate PTWs for CN paging and RAN paging[5]. 
Firstly, for non-overlapping PH, it is reasonable to use the RAN configured PTW length, otherwise it is meaningless for RAN to configure PTW length. From this perspective, we think the UE should also use the RAN configured PTW length for RAN paging in overlapping PH, in this case, UE only needs to maintain one paging monitoring mechanism. 

Proposal 7: For all RAN paging PH, use RAN PTW_length to calculate the RAN PTW_end when INACTIVE eDRX is longer than 10.24s.
2.5. Paging monitoring mechanism
We have discussed the paging monitoring mechanism during the RAN2#121bis meeting, and the following agreements have been agreed:
	· In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle

· If this is even a valid case (we will decide later): In an overlapped PH: Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}.

· In an overlapped PH: Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.




Based on our discussion in section 2.4, the CN PTW length could be longer than RAN PTW length, and using RAN PTW length to derive the RAN PTW_end in overlapped PH, hence we think the case that within CN PTW and outside RAN PTW in an overlapped PH is valid.

Proposal 8: The case that within CN PTW and outside RAN PTW in an overlapped PH is valid.
Based on the agreements, in the following figure, we give an example of INACTIVE eDRX and IDLE eDRX configuration and corresponding paging monitor mechanism. 
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Fig2 Example of paging mechanism in RRC-INACTIVE

Besides the cases provided by the agreements, there is another part when Rel-18 INACTIVE eDRX cycle is configured, i.e. outside the RAN PTW and the CN PTW, in this case, we think UE isn’t required to monitor paging, hence we propose:

Proposal 9: Outside the RAN PTW and the CN PTW, UE does not monitor Paging.
3. Conclusion

In this contribution, the pre-requisites for UE supporting/NW allowing INACTIVE eDRX>10.24s, fallback issues, PTW details and paging monitor mechanism are discussed. Proposals are summarized as below.
Proposal 1: Introducing separate UE capability for Rel-18 enhanced eDRX in RRC_INACTIVE from Rel-17 RRC_INACTIVE eDRX:

· For UE supporting Rel-18 enhanced eDRX in RRC_INACTIVE, it is mandatory to support Rel-17 RRC_INACTIVE eDRX.

· For UE supporting Rel-17 RRC_INACTIVE eDRX, it may not support Rel-18 enhanced eDRX in RRC_INACTIVE.
Observation 1: There are 2 bits indications in SIB1 separately to indicate whether UEs are allowed in the cell to use the R17 INACTIVE eDRX cycle or R18 INACTIVE eDRX cycle. 
Proposal 2: For a cell has indicated support for Rel-18 INACTIVE eDRX, it also supports Rel-17 RRC_INACTIVE eDRX.
Observation 2: UE falls back to Rel-17 INACTIVE eDRX could reduce power consumption.

Proposal 3: UE falls back to use Rel-17 INACTIVE eDRX if capable means UE could use Rel-17 INACTIVE eDRX to monitor RAN paging outside the CN PTW.
Observation 3: The specification and NW complexity brought by the UE fallback to R17 INACTIVE eDRX will not be high.

Proposal 4: UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. 

Proposal 5: RAN2 to discuss the following alternatives to help UE fall back to use Rel-17 INACTIVE eDRX:

· Alternative 1: gNB configures the Rel-17 INACTIVE eDRX cycle for a UE when it configures the Rel-18 INACTIVE eDRX for this UE.

· Alternative 2: UE configured with R18 INACTIVE eDRX will fall back to use default Rel-17 INACTIVE eDRX cycle, e.g. 10.24s when it moves to a cell with only indication to support for Rel-17 INACTIVE eDRX. Furthermore, one indication could be introduced to indicate whether UE could fall back to Rel-17 INACTIVE eDRX cycle in this case.
Proposal 6: The RAN PTW length should be no longer than the CN PTW length.
Proposal 7: For all RAN paging PH, use RAN PTW_length to calculate the RAN PTW_end when INACTIVE eDRX is longer than 10.24s.
Proposal 8: The case that within CN PTW and outside RAN PTW in an overlapped PH is valid.

Proposal 9: Outside the RAN PTW and the CN PTW, UE does not monitor Paging.
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