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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#121 and RAN2#121bis-e meetings, enhanced eDRX in RRC_INACTIVE was discussed, with lots of agreements made. In this contribution, we further discuss left issues on this feature and present our views.
2 Discussion 
2.1 UE and network support on enhanced eDRX

In Rel-18, with the introduction of enhanced eDRX for RRC_INACTIVE, RAN2 has agreed in RAN2#121bis meeting to introduce another 1 bit indication in SIB1 on whether allowing UEs in RRC_INACTIVE to use the enhanced eDRX for RAN paging. From UE’s perspective, RAN2 has confirmed that the enhanced eDRX for RRC_INACTIVE can be applied to all R18 UEs, and has agreed to introduce an optional UE capability with signalling for Rel-18 INACTIVE eDRX.

Regarding the presence condition of UE capability on Rel-18 INACTIVE eDRX and the presence condition of SIB1 indication for Rel-18 INACTIVE eDRX, the following agreements were made in RAN2#121bis e-meeting.
	Agreements:
· 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. 


In our view, Rel-18 INACTIVE eDRX is an enhanced feature compared to Rel-17 INACTIVE eDRX, which requires both UE and network to implement more functions, e.g. RAN PTW. From UE’s perspective, it would not be difficult for a UE supporting Rel-18 eDRX to supporting Rel-17 eDRX. And the same logic can apply to network. So we think for both UE and network, it can support on Rel-18 INACTIVE eDRX only if it supports Rel-17 INACTIVE eDRX.
Proposal 1 UE can support Rel-18 INACTIVE eDRX, only if it supports Rel-17 INACTIVE eDRX.
Proposal 2 A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedInactive is configured.
2.2 eDRX fallback
If we following the principle in proposal 2, there may be the following cases considering network support on INACTIVE eDRX.

· Case 1: both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX are allowed

· Case 2: neither Rel-17 INACTIVE eDRX nor Rel-18 INACTIVE eDRX is allowed

· Case 3: Rel-17 INACTIVE eDRX is allowed and Rel-18 INACTIVE eDRX is not allowed

For case 1 and case 2, RAN2 has made the following agreements:

	· 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.


For case 3, an open issue is whether to support a UE configured (from its last serving cell) with Rel-18 INACTIVE eDRX (with an eDRX cycle longer than 10.24s) fall back to use Rel-17 INACTIVE eDRX and if yes, how to fall back. This was discussed in RAN2#121bis e-meeting, and RAN2 made the following working assumption.

	· 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.


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 fall back to Rel-17 eDRX, the following options were discussed in RAN2#121bis e-meeting.

· Option 1: gNB configures both Rel-17 INACTIVE eDRX and Rel-18 enhanced INACTIVE eDRX, and UE falls back to use Rel-17 INACTIVE eDRX.

· Option 2: UE falls back to use Rel-17 INACTIVE eDRX with a default eDRX cycle of 10.24s. 
Option 1 is simple and straightforward. In this approach, gNB configures both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX to the UE. If the UE moves to a cell not supporting Rel-18 INACTIVE eDRX but supporting Rel-17 INACTIVE eDRX, the UE falls back to use Rel-17 INACTIVE eDRX based on Rel-17 INACTIVE eDRX configuration. To enable a non-anchor gNB to reach the UE, both Rel-17 and Rel-18 INACTIVE eDRX configurations should be included in the PAGING message sent from the anchor gNB to the non-anchor gNB, so that the non-anchor gNB can determine which eDRX configuration to use based on its own support on Rel-17/Rel-18 INACITVE eDRX.
For option 2, the anchor gNB only needs to configure Rel-18 INACTIVE eDRX to the UE. If the UE moves to a cell not supporting Rel-18 INACTIVE eDRX but supporting Rel-17 INACTIVE eDRX, the UE falls back to a default eDRX cycle, which needs to be captured in the spec. Regarding eDRX configuration exchanged between gNBs, option2 may require the anchor gNB to have knowledge whether the non-anchor gNB supports Rel-17 and/or Rel-18 INACTIVE eDRX. With this, it can be up to the anchor gNB’s implementation to decide which eDRX configuration is included in the PAGING message sent to the non-anchor gNB. For example, if the non-anchor gNB supports Rel-18 INACTIVE eDRX, the anchor gNB includes Rel-18 INACTIVE eDRX configuration for the UE. Otherwise, if the non-anchor gNB supports Rel-17 INACTIVE eDRX, the anchor gNB includes a Rel-17 INACTIVE eDRX configuration with a default eDRX cycle value of 10.24s, even though this is not configured to the UE. In this way, the non-anchor gNB and the UE could have a common understanding on which eDRX configuration is to be used for RAN paging.
Based on the above analysis, it can be observed that both options could work. In our understanding, we should aim at maximizing UE’s power saving, and it would be more reasonable to fall back to the upper limit of Rel-17 INACITVE eDRX cycle. In addition, with option 2, we can also save one IE (i.e. shorter eDRX cycle) in the RRC configuration. In this sense, option 2 is our preferred fallback solution. However, considering majority companies’ support for option 1 in the last RAN2 meeting, we are also ok to confirm option 1 as the RAN2 agreed solution.  
Observation 1 If Rel-18 INACITVE eDRX is not allowed but R17 INACITVE eDRX is supported by the current cell, allowing a UE configured with Rel-18 INACITVE eDRX to fall back to use Rel-17 INACTIVE eDRX would be more beneficial for UE power saving comparing to using DRX.

Observation 2 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 3 RAN2 confirms the working assumption: 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.
Proposal 4 RAN2 further discusses whether UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use a default Rel-17 INACTIVE eDRX cycle of 10.24s (if capable and NOT 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.
2.3 RAN eDRX configuration
For Rel-18 INACTIVE eDRX configuration, RAN2 have reached the agreement in RAN2#121 meeting 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. In RAN2#121bis e-meeting, RAN eDRX configuration was further discussed, with the following agreements made.

	Agreements:

· 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.


The left issue is whether to define any restriction for RAN PTW configuration. 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 5 The RAN configured PTW length should be no longer than the CN configured PTW length.
2.4 PTW length in overlapping PH
Another issue is how to determine PTW length in the overlapping PH. The following options were discussed in RAN2#121bis e-meeting.
· Option 1: use a common PTW for CN paging and RAN paging, e.g. use CN PTW length to derive the PTW ending location.

· Option 2: use separate PTWs for CN paging and RAN paging. 
In our view, CN PTW and RAN PTW are independent, so we see no need to align PTW ending location even in the overlapping PH.
Proposal 6 UE determines separate PTWs for CN paging and RAN paging according to the CN-configured PTW length and RAN-configured PTW length, respectively, for the overlapping PH.
3 Conclusion
Based on the discussion we make the following observation:

Observation 3 If Rel-18 INACITVE eDRX is not allowed but R17 INACITVE eDRX is supported by   the current cell, allowing a UE configured with Rel-18 INACITVE eDRX to fall back to use Rel-17 INACTIVE 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.
And we give the following proposals:
Proposal 1     UE can support Rel-18 INACTIVE eDRX, only if it supports Rel-17 INACTIVE eDRX.
Proposal 2     A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedInactive is configured.
Proposal 3     RAN2 confirms the working assumption: 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.
Proposal 4     RAN2 further discusses whether UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use a default Rel-17 INACTIVE eDRX cycle of 10.24s (if capable and NOT 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.
Proposal 5     The RAN configured PTW length should be no longer than the CN configured PTW length.

Proposal 6 UE determines separate PTWs for CN paging and RAN paging according to the CN-configured PTW length and RAN-configured PTW length, respectively, for the overlapping PH.
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