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1 Introduction

In NR, eDRX has been introduced in Rel-17 RedCap WI for the purpose of UE power saving. The maximum value of eDRX cycle for RRC_IDLE and RRC_INACTIVE are 10485.76 seconds (2.91 hours) and 10.24s, respectively. Regarding eDRX cycle beyond 10.24s for RRC_INACTIVE, since it has impact on CN procedures and SA2 did not agree to support it in R17, this feature was not introduced in R17.
In Rel-18, SA2 has started to study solutions to enable longer eDRX cycle (i.e. eDRX cycle > 10.24s) support in RRC_INACTIVE. Based on this, in RAN#98e meeting, a revised WID on enhanced support of RedCap UEs [1] has been approved, including the follow objective.
	Power saving/energy efficiency enhancements

· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]

· Note that this objective requires SA2, CT1 and CT4 involvement


In RAN2 RAN2#121 meeting, enhanced eDRX in RRC_INACTIVE was discussed, with the following agreements made.

	· 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.


In this contribution, we further discuss left issues on enhanced eDRX cycle in RRC_INACTIVE and present our views.
2 Discussion 
2.1 RAN eDRX configuration
For UEs in RRC INACTIVE, we have reached the agreement that RAN is responsible for the eDRX configuration for RRC INACTIVE, and for both DRX cycle and PTW length, the configuration for RRC_INACTIVE and for RRC IDLE may be different. The left issue is whether to define any restriction for eDRX configuration for RRC INACTIVE.

For the eDRX cycle configuration for RRC INACTIVE, we think the restrictions defined in Rel-17 also apply to enhanced eDRX, i.e. the eDRX cycle configured by RAN should be up to the eDRX cycle configured by CN.

Regarding the PTW, as a common understanding, the intention of introducing PTW is to enable network to have more opportunities to page UE within an eDRX cycle, which may improve paging robustness and reduce paging latency. If a UE in RRC INACTIVE is configured with a shorter RAN eDRX cycle compared to CN eDRX cycle, which means the paging latency can be reduced to some extent, it seems reasonable to desire a shorter RAN PTW than CN PTW. This would be beneficial for UE power consumption since UE does not need to monitor for RAN paging in a PTW as long as for CN paging.
Proposal 1 The eDRX cycle configured by RAN should be no longer than the eDRX cycle configured by CN.

Proposal 2 The PTW length configured by RAN should be no longer than the PTW length configured by CN.

2.2 Paging monitoring in RRC INACTIVE
For a UE in RRC INACTIVE, if RAN eDRX cycle is longer than 10.24s (which means CN eDRX cycle is also longer than 10.24s considering the restriction that RAN eDRX cycle should be no longer than CN eDRX cycle), since CN eDRX is always multiple times of RAN eDRX cycle based on the eDRX value range defined for NR connected to 5GC, there may be two kinds of PH:

· common PH, i,e. overlapping PH within which there are both CN PTW and RAN PTW
· RAN PH, deriving from RAN eDRX cycle within which there is only RAN PTW;

The next question is how to determine the PTW starting point. 

For a common PH, RAN2 has agreed to use the same PTW starting point for CN PTW and RAN PTW, but has no conclusion on how to calculate the PTW starting point. In general, there are the following two candidate options for PTW starting point determination.

· Option 1: For a common PH, PTW starting point is derived using CN eDRX cycle

· Option 2: For a common PH, PTW starting point is derived using RAN eDRX cycle

For a UE in RRC INACITVE, in case of RRC state mismatch happens and network considers the UE as in RRC IDLE state, network would derive the PTW starting point based on the CN eDRX cycle. In this case, if the UE derives the PTW starting point using RAN eDRX cycle, there will be misunderstanding for PTW location between UE and network, which would lead to CN paging failure. To avoid this issue, we should not change anything that is related to CN eDRX, i.e. the PTW starting point for CN eDRX PTW in a common PH should be determined in the same way as that in RRC_IDLE. So we think option 1 should be the way to go. 
Observation 1 In an overlapping PH, if the PTW starting point is derived using RAN eDRX cycle, there may be mismatch for the PTW location between UE and network, which would lead to CN paging failure.

For a RAN eDRX’s PH (i.e. not overlapping PH), there may also be two candidate options to determine PTW starting point:

· Option 1: For a RAN eDRX’s PH, PTW starting point is derived using RAN eDRX cycle

· Option 2: For a RAN eDRX’s PH, PTW starting point is derived using CN eDRX cycle

If option 1 is adopted, the consequence would be that the PTW starting point within a RAN eDRX’s PH and the PTW starting point within a common PH are different. For RAN paging as such, its PTW would be distributed non-uniformly in time domain, as shown in figure 1, which may cause paging latency fluctuation. This issue however can be avoided with option 2, as shown in figure 2. Besides, option 2 provides a unified calculation formula of PTW starting point for all kinds of PH, which has less specification impact . Based on above, we propose to use CN eDRX cycle to derive the PTW starting point for all kinds of PHs.
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Figure 1 PTW distribution if PTW starting point for a RAN eDRX’s PH is derived using RAN eDRX cycle
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Figure 2 PTW distribution if PTW starting point for a RAN eDRX’s PH is derived using CN eDRX cycle
Observation 2 Deriving PTW starting point using RAN eDRX cycle for RAN eDRX's PHs may make RAN eDRX’s PTW distributed non-uniformly in time domain, which causes paging latency fluctuation.
Proposal 3 For all kinds of PH (including RAN eDRX’s PH and common PH), use CN eDRX cycle to derive the PTW starting point based on the legacy calculation formula in Rel-17.
Then for a UE in RRC_INACTIVE, if RAN eDRX cycle is longer than 10.24s, following the proposals above, there may be three kinds of PTW, i.e. RAN eDRX's PTW ,CN eDRX's PTW, and overlapping PTW. The UE monitors PO with DRX cycle T during PTWs, where T is determined as follows:

· During RAN eDRX's PTW, T is RAN paging cycle.

· During CN eDRX's PTW, T is determined by the shorter of CN configured DRX cycle and the default DRX value broadcasted in SIB. 
· During overlapping PTW, T is determined by the shortest of CN configured DRX cycle, RAN paging cycle and the default DRX value broadcasted in SIB.

Proposal 4 For a UE in RRC INACTIVE, if RAN eDRX cycle is above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For RAN eDRX's PTW, T is RAN paging cycle.

· For CN eDRX's PTW, T is determined by the shorter of CN configured DRX cycle and the default DRX value broadcasted in SIB.

· For overlapping PTW, T is determined by the shortest of CN configured DRX cycle, RAN paging cycle, and the default DRX value broadcasted in SIB.

2.3 eDRX fallback

In Rel-17, a parameter eDRX-AllowedInactive is introduced in SIB1 to indicate that eDRX (with a cycle up to 10.24s) for RAN paging is allowed in the cell for UEs in RRC_INACTIVE. If eDRX-AllowedInactive is not present (which means that RAN eDRX is not supported in the cell), the UE in RRC_INACTIVE shall stop using RAN eDRX and shall use RAN DRX instead. In Rel-18, with the introduction of enhanced eDRX for RRC_INACTIVE, RAN2 has agreed to introduce another 1 bit indication in SIB1 on whether allowing UEs in RRC_INACTIVE to use the enhanced eDRX for RAN paging. An open issue is that if enhanced eDRX (>10.24s) is not allowed but Rel-17 eDRX (<=10.24s) for RAN paging is supported by the current cell, whether a UE configured (from its last serving cell) with a RAN eDRX cycle longer than 10.24s falls back to use Rel-17 eDRX or use DRX (i.e. disabling eDRX) for RAN paging monitoring. Obviously, in this case, allowing UE to use Rel-17 eDRX would be more beneficial for UE power saving comparing to using DRX. 

Regarding how to ball back to Rel-17 eDRX, a potential solution is to use a configured shorter eDRX cycle (no longer than 10.24s), as proposed by some companies in the last RAN2 meeting. This approach requires gNB to configure both a long eDRX cycle and a short eDRX cycle for the UE. In our understanding, we should always aim at maximizing UE’s power saving and fallback to the upper limit of eDRX cycle as both allowed in the cell and configured to the UE. Therefore, we think the most reasonable option would be to fallback to the default eDRX cycle 10.24s. In this way, we can also save one IE (i.e. shorter eDRX cycle) in the RRC configuration.
Observation 3 If enhanced eDRX (>10.24s) is not allowed but R17 eDRX (<=10.24s) for RAN paging is supported by the current cell, allowing a UE configured with a RAN eDRX cycle longer than 10.24s to fall back to use Rel-17 eDRX would be more beneficial for UE power saving comparing to using DRX.
Observation 4 Fallback to the eDRX cycle i.e. 10.24s can maximize the UE power saving gain and reduce signalling overhead compared to fallback to a shorter eDRX cycle.
Proposal 5 An RRC_INACTIVE UE configured with enhanced eDRX should fallback to use the default eDRX 10.24s if the Rel-18 enhanced eDRX is not allowed but the Rel-17 eDRX is allowed by the current cell.

2.4 UE capability on enhanced eDRX
In RAN2#121 meeting, RAN2 has confirmed that the enhanced eDRX for RRC_INACTIVE can be applied to all R18 UEs. From UE capability’s perspective, a separate UE capability (i.e. different from extendedDRX-CycleInactive-r17) should be introduce to indicate whether UE supports enhanced eDRX in RRC_INACTIVE with values longer than 10.24s.
Proposal 6 Introduce an optional UE capability with signaling for the Rel-18 enhanced eDRX for RRC_INACTIVE. 
Regarding the meaning of supporting Rel-18 enhanced eDRX for RRC_INACTIVE, there may be different understandings: 
· Option 1: UE supports all eDRX values from 2.56s (i.e. supporting Rel-18 enhanced eDRX has to support Rel-17 eDRX simultaneously). 
· Option 2: UE supports the eDRX values larger than 10.24s (i.e. the Rel-18 capability is independent from legacy extendedDRX-CycleInactive-r17).

In our view, Rel-18 eDRX in RRC_INACTIVE is an enhanced feature compared to Rel-17 eDRX in RRC_INACTIVE, which requires UE to implement more functions, e.g. RAN PTW. From UE perspective, it would not be difficult for a UE supporting Rel-18 eDRX to supporting Rel-17 eDRX. So we think option 1 is more reasonable.
Proposal 7 The UE capability for Rel-18 enhanced eDRX for RRC_INACTIVE means UE supports all eDRX values from 2.56s (i.e. supporting Rel-18 enhanced eDRX has to support Rel-17 eDRX simultaneously).
3 Conclusion
Based on the discussion we make the following observation:

Observation 5 In an overlapping PH, if the PTW starting point is derived using RAN eDRX cycle, there may be mismatch for the PTW location between UE and network, which would lead to CN paging failure.

Observation 6 Deriving PTW starting point using RAN eDRX cycle for RAN eDRX's PHs may make RAN eDRX’s PTW distributed non-uniformly in time domain, which causes paging latency fluctuation.
Observation 7 If enhanced eDRX (>10.24s) is not allowed but R17 eDRX (<=10.24s) for RAN paging is supported by the current cell, allowing a UE configured with a RAN eDRX cycle longer than 10.24s to fall back to use Rel-17 eDRX would be more beneficial for UE power saving comparing to using DRX.

Observation 8 Fallback to the eDRX cycle i.e. 10.24s can maximize the UE power saving gain and reduce signalling overhead compared to fallback to a shorter eDRX cycle.
And we give the following proposals:
Proposal 1 The eDRX cycle configured by RAN should be no longer than the eDRX cycle configured by CN.

Proposal 2 The PTW length configured by RAN should be no longer than the PTW length configured by CN.

Proposal 3 For all kinds of PH (including RAN eDRX’s PH and common PH), use CN eDRX cycle to derive the PTW starting point based on the legacy calculation formula in Rel-17.
Proposal 4 For a UE in RRC INACTIVE, if RAN eDRX cycle is above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For RAN eDRX's PTW, T is RAN paging cycle.

· For CN eDRX's PTW, T is determined by the shorter of CN configured DRX cycle and the default DRX value broadcasted in SIB.

· For overlapping PTW, T is determined by the shortest of CN configured DRX cycle, RAN paging cycle, and the default DRX value broadcasted in SIB.

Proposal 5 An RRC_INACTIVE UE configured with enhanced eDRX should fallback to use the default eDRX 10.24s if the Rel-18 enhanced eDRX is not allowed but the Rel-17 eDRX is allowed by the current cell.

Proposal 6 Introduce an optional UE capability with signaling for the Rel-18 enhanced eDRX for RRC_INACTIVE. 

Proposal 7 The UE capability for Rel-18 enhanced eDRX for RRC_INACTIVE means UE supports all eDRX values from 2.56s (i.e. supporting Rel-18 enhanced eDRX has to support Rel-17 eDRX simultaneously).
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