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Introduction
RAN4 started initial discussion on specifying requirements for the new Rel-18 WI on enhanced support of reduced capability devices [1] from RAN4#106 meeting [2]. The main impact identified for RRM requirements are related to enhanced eDRX in RRC_INACTIVE(>10.24s). During RAN4#106bis-e meeting, RAN4 made a good progress and reach many agreements as listed in the WF [3]. In this contribution, we provide our views on some of the issues related to enhanced eDRX based on RAN2 progress on this WI.
Enhanced eDRX in RRC_INACTIVE
The RAN2 #121 meeting agreed to the basic framework regarding the longer eDRX > 10.24.· 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


During RAN2#121bis-e meeting, RAN2 made a good progress and reached the following agreements on Rel-18 eDRX· 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}.​

[bookmark: _Hlk134692495]The above RAN2 agreements indicate that for an overlapping PH, the RAN PTW and CN PTW shall start at the same time implying that the two PTWs will always, partially or fully, overlap with each other for the overlapping PH. Since the two PTWs can have a different length, RAN2 also specified which DRX cycle to be used, in terms of T, during the overlapping and non-overlapping part of the PTWs.
Observation 1: RAN2 has agreed that for an overlapping PH, the RAN PTW and CN PTW shall start at the same time implying that the two PTWs will always, partially or fully, overlap with each other during the overlapping PH. 
Observation 2: RAN2 specified which DRX cycle to be used, in terms of T, during the overlapping and non-overlapping part of the PTWs.
During last RAN4 meeting, RAN4 made the following agreements [3]:· INACTIVE state requirements for eDRX cycle > 10.24 sec
· The sample number needed to perform the serving cell and intra/inter-frequency neighbor cell detection/evaluation/measurements for corresponding IDLE mode eDRX cycles can be reused for INACTIVE mode eDRX cycles.
· When configured with both IDLE and INACTIVE eDRX configurations, wait for the RAN2 decisions on the T value and PTW length design before defining serving cell measurements requirements.
· When configured with both IDLE and INACTIVE eDRX configurations, the detection/measurement/evaluation delay requirements for intra-frequency/inter-frequency neighbour cells shall be specified in the step of:
· INACTIVE eDRX cycle, if the eDRX_Inactive = 2.56/5.12/10.24sec
· FFS if eDRX_Inactive >= 20.48sec 
· When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, serving cell measurements/evaluation period shall be constrained to be within a single PTW irrespective of whether IDLE or INACTIVE eDRX PTW is being used.
· Note: Wait for the RAN2 decisions on the T value and PTW
· The number of samples needed for Tdetect,NR of intra-freq or inter-freq cell measurement (measured in DRX cycles) may belong to more than one PTW
· RAN4 to wait for RAN2 progress to discuss following:
· Whether to clarify the measurement behavior when the PTWs of IDLE and INACTIVE states are not coinciding


As indicated by the above RAN4 agreements, many issues depended on RAN2 progress. Now that RAN2 has made agreements on PTW configurations and DRX cycles (T values) to be used under different configurations, RAN4 can start discussion on the open issues.
First, let’s talk about the case when the RAN PTW and CN PTW do not overlap with each other. Since both RAN PH and CN PH are derived based on CN eDRX cycle and RAN eDRX cycle is always shorter than the CN eDRX cycle, CN PTW will always overlap with RAN PTW. However, there will be RAN PTWs which may not overlap with the CN PTW. For serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation, the UE shall perform measurements in such non-overlapping RAN PTWs independent of the CN PTW. RAN2 has clarified which DRX cycle to be used in this case: In an overlapped or non-overlapped PH: Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
Observation 3: Since both RAN PH and CN PH are derived based on CN eDRX cycle and RAN eDRX cycle is always shorter than the CN eDRX cycle, CN PTW will always overlap with RAN PTW.
Observation 4: Some RAN PTWs may not overlap with the CN PTW.
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Proposal 1: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, no need to define serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation requirements for the case when CN PTW doesn’t overlap with RAN PTW
Proposal 2: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in non-overlapping RAN PTWs independent of the CN PTW and according to the T value defined by RAN 2, i.e., T = RAN configured DRX cycle
Next let’s discuss the case when the RAN PTW and CN PTW partially or completely overlap with each other. Since RAN2 has agreed that the starting point of both the PTWs in the overlapping PH is the same, when both the PTW have the same length, they completely overlap with each other, if the lengths are different one PTW shall be completely contained within the other. As shown in the figure below, the top configuration shows the case when CN PTW> RAN PTW and the bottom configuration shows the case when RAN PTW > CN PTW. T1 is the duration for the two PTWs overlap with each other, while T2 and T3 indicates the duration of one of the PTW that do not overlaps with the other one. RAN2 has defined which DRX cycle to be used in each of these cases in terms of T as below:
· 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}.​

[image: ]
When both the PTWs are configured with the same duration, there’s no ambiguity and T can be specified as:
· 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}

However, when the PTWs are configured with different length or duration, RAN4 need to discuss which PTW should the UE follow to perform serving cell and neighbor cell measurements for cell-reselection purpose. 
One option could be that the UE uses max(RAN PTW, CN PTW) for measurement purposes in order to make full use of the PTW. However, the downside is that that UE may have to follow different T during different durations of the PTW. For example, in the above figure, T may be different during T1 and T2 or during T1 and T3. It may complicate UEs implementation where it’s desired to have a low implementation complexity for RedCap UEs.
Second option could be that the UE uses min(RAN PTW, CN PTW) for measurement purposes ensuring that the measurements are done only during the overlapping part of the PTW. This would mean that the UE doesn’t need to follow different T during different durations of the PTW. While the implementation complexity is not increased with this option, the downside with this approach is that the UE may get a reduced measurement period.  
Proposal 3: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in the overlapping PH during the overlapping duration of RAN PTW and CN PTW according to the T value defined by RAN 2, i.e., T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}, 
Proposal 4: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in the overlapping PH during:
· Option 4a: Max (RAN PTW, CN PTW)
· Prioritize measurement time during the PTW at the cost of increase UE complexity.
· Option 4b: Min (RAN PTW, CN PTW)
· Prioritize UE complexity at the cost of reduced measurement time.

Another issue that RAN4 discussed during the last meeting was related to the transition requirements and the following was agreed:Transition requirements 
· RAN4 to discuss the need for transition requirements (UE behavior and corresponding requirement for the transition between short INACTIVE eDRX (≤10.24sec) and long INACTIVE eDRX(>=20.48sec)) after the INATIVE eDRX with PTW requirements are finalized.


We would like to mention that RAN2 is discussing the fallback mechanism to Rel-17 eDRX and made the following working assumption during the last RAN2 meeting:Fallback operation
· 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.



Based on the working assumption above, when the UE moves from a cell that supports and configures Rel-18 INACTIVE eDRX to a cell that supports only Rel-17 INACTIVE eDRX, RAN4 needs to specify transition rules to handle different cell-detection delay requirements in the two cells.
Proposal 5: When the UE moves from a cell that supports and configures Rel-18 INACTIVE eDRX to a cell that supports only Rel-17 INACTIVE eDRX, RAN4 needs to specify transition rules to handle different cell-detection delay requirements in the two cells.
Conclusion
Observation 1: RAN2 has agreed that for an overlapping PH, the RAN PTW and CN PTW shall start at the same time implying that the two PTWs will always, partially or fully, overlap with each other during the overlapping PH. 
Observation 2: RAN2 specified which DRX cycle to be used, in terms of T, during the overlapping and non-overlapping part of the PTWs.
Observation 3: Since both RAN PH and CN PH are derived based on CN eDRX cycle and RAN eDRX cycle is always shorter than the CN eDRX cycle, CN PTW will always overlap with RAN PTW.
Observation 4: Some RAN PTWs may not overlap with the CN PTW.
Proposal 1: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, no need to define serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation requirements for the case when CN PTW doesn’t overlap with RAN PTW
Proposal 2: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in non-overlapping RAN PTWs independent of the CN PTW and according to the T value defined by RAN 2, i.e., T = RAN configured DRX cycle
Proposal 3: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in the overlapping PH during the overlapping duration of RAN PTW and CN PTW according to the T value defined by RAN 2, i.e., T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}, 
Proposal 4: When configured with both IDLE and INACTIVE eDRX configurations larger than 10.24s, UE performs the serving cell measurements/evaluation and neighbor cell detection/measurement/evaluation in the overlapping PH during:
· Option 4a: Max (RAN PTW, CN PTW)
· Prioritize measurement time during the PTW at the cost of increase UE complexity.
· Option 4b: Min (RAN PTW, CN PTW)
· Prioritize UE complexity at the cost of reduced measurement time.

Proposal 5: When the UE moves from a cell that supports and configures Rel-18 INACTIVE eDRX to a cell that supports only Rel-17 INACTIVE eDRX, RAN4 needs to specify transition rules to handle different cell-detection delay requirements in the two cells.
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