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1	Introduction
In this contribution,  we present Nokia’s views on the eDRX enhancements for RedCap UEs. The following topics are discussed:
IDLE state serving cell eDRX requirements
IDLE state cell reselection eDRX requirements 
INACTIVE state eDRX requirements
2	Discussion
In the last RAN4 meeting, there was a good progress in the definition of eDRX requirements. However, the following issues are still open for discussion: 
	FR2 serving cell requirements for RedCap UE with eDRX cycle when eDRX = 20.48s (and 40.96s)
· Option 1: The eDRX cycles with PTW (20.48s and 40.96s) are not feasible. Besdies, three more eDRX cycles with PTE are overlapped with eDRX without PTW. RAN4 shall keep eDRX for FR2 requirements as FFS and inform RAN2 with update on the issues related to eDRX with FR2 (MTK)
· Option 1a: Can we add Option 1a: add a note to exclude the case of eDRX 20.48s with DRX 0.32s in FR2? 
To our understanding, the above option is not feasible and we can compromise to it. (MTK)
· Option 2: Not agree with option 1 (Ericsson, Huawei, xiaomi, vivo, Nokia)
 
Agreement: agree option 2 with the case (eDRX cycle = 20.48s and DRX cycle = 0.32s) for FFS
FR2 Cell reselection requirements for RedCap UE with eDRX cycle (intra frequency) when eDRX = 20.48s (and 40.96s)
· Option 1: The eDRX cycles with PTW (20.48s and 40.96s) are not feasible. RAN4 shall keep eDRX for FR2 requirements as FFS and inform RAN2 with update on the issues related to eDRX with FR2 (MTK)
· Option 2: No issue (Apple CMCC Nokia Ericsson Huawei vivo xiaomi oppo)
Agreement: Agree option 2 with the case (eDRX cycle = 20.48s and DRX cycle = 0.32s) for FFS
Inactive state requirements when idle eDRX is longer than 10.24s
· Option 1: The inactive UE requirements are based on inactive DRX or inactive eDRX when inactive eDRX is configured (Huawei vivo MTK) 
· Option 2: Based on the paging monitoring cycle of T agreed in RAN2 (Apple Ericsson xiaomi Nokia)
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	>10.24
	Not configured
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	Not configured
	Outside CN PTW
	RAN paging cycle.

	>10.24
	≤10.24
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	≤10.24
	Outside CN PTW
	INACTIVE eDRX cycle


 
Agreement: no consensus 
Inactive state requirements when idle eDRX is no longer than 10.24s
· Option 1: The inactive UE requirements are based on inactive eDRX or inactive DRX when inactive eDRX is not configured (Huawei vivo MTK)   
· Option 2: Based on the paging monitoring cycle of T agreed in RAN2 (Apple Ericsson xiaomi vivo Nokia)
 
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	≤10.24
	Not configured
	NA
	Shortest of RAN paging cycle and IDLE eDRX cycle

	≤10.24
	≤10.24
	NA
	The shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.


 
Agreement: No consensus, FFS at maintenance stage 


 
[bookmark: _Hlk89691254]2.1	IDLE state serving cell eDRX requirements

Serving cell and cell reselection requirements for eDRX length = 20.48s
In the last meeting, the serving cell measurement requirements in IDLE state with eDRX were agreed, except for the combination of eDRX cycle = 20.48s and DRX cycle = 320 ms.  The reason why this scenario was marked as FFS is that it might not lead to more power saving at the UE when compared to other DRX cycle / eDRX cycle configurations, since it leads to a high number of “on occasions” within a given period. Table 1 shows the number of wake-ups during a 20.48s period for different DRX and eDRX configurations. The number of wake ups is calculated with the agreements captured in the Big CR endorsed in RAN4 #102 [1].
Table 1 - Number of wake ups in 20.48s with different DRX/eDRX configurations during serving cell measurements in IDLE mode
	DRX configuration
	eDRX configuration
	# wake ups in 20.48 s (DRX only)
	# wake ups in 20.48s (eDRX)

	0.32
	20.48
	64
	16

	0.64
	20.48
	32
	10

	1.28
	20.48
	16
	8

	2.56
	20.48
	8
	6





 According to TS 38.840, the total transition time (ramp down and ramp up) for a deep sleep is 20 ms. So, in all cases shown in Table 1, the UE could go to a deep sleep between the DRX cycles, and the total power would be calculated based on the number of wake ups. The case that is still in FFS, the combination of DRX cycle = 0.32ms and eDRX cycle = 20.48s would lead to 16 wake-ups within a period of 20.48s. In terms of power saving, other configurations could be more beneficial for the UE, such as DRX = 2.56s or any other eDRX cycle configuration. 
The combination of eDRX cycle = 20.48s and DRX cycle = 0.32s leads to same UE power saving as other DRX cycle configurations.

However, despite the fact that the same UE power saving could be achieved by other configurations is not enough, in our view, to justify the exclusion of this possibility from the network configuration, and this combination is still possible. Therefore, in our view, RAN4 should also define requirements for this combination.
Define serving cell measurement requirements for eDRX cycle = 20.48s and DRX cycle = 0.32s.
2.2 	IDLE state cell reselection eDRX requirements 
Similar to the serving cell requirements discussed in the last Section, the cell reselection requirements for the combination of eDRX cycle = 20.48s and DRX cycle = 0.32s were also marked as FFS in the last meeting. Again, it is our view that the fact that this combination leads to the same power saving as other combination of parameters is not enough to justify excluding it from the allowed configurations. Therefore, we propose: 
Define cell reselection requirements for eDRX cycle = 20.48s and DRX cycle = 0.32s.
2.3 	INACTIVE state eDRX requirements
In the last RAN4 meeting, the requirements for INACTIVE state eDRX were also left open for discussion. 
RAN2 has discussed the case in which there might be state mismatch between the UE and the network, in which the UE in RRC_INACTIVE also needs to monitor CN paging to avoid paging miss. During some meetings, RAN2 has discussed the paging monitoring mechanism in extended DRX for different combinations of eDRX in IDLE and INACTIVE modes to ensure that the UE can be reached by RAN paging and CN paging. The following agreements were reached: 
	Agreements in RAN2 116e:
1. The max eDRX cycle length for RRC Inactive is 10.24s in Rel-17
1. PO determination for non-overlapping CN/RN case is applicable to eDRX
1. When IDLE eDRX and INACTIVE eDRX are configured and both cycles are no longer than 10.24s, PO is determined by IDLE eDRX.
1. When IDLE eDRX is configured and is no longer than 10.24s, INACITVE eDRX cycle is not configured, PO is determined by IDLE eDRX.
1. During CN PTW when IDLE eDRX is configured and longer than 10.24s, and INACTIVE eDRX is configured, PO is determined by the shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer.
1. During CN PTW when IDLE eDRX is configure and is longer than 10.24s, INACTIVE eDRX cycle is not configured, PO is determined by the shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer.
1. eDRX supporting UEs are assumed to also support the UE capability on PO determination for non overlapping CN/RN case (Further discuss on the reporting of eDRX capability)

1. For the eDRX PTW start calculation, agree to N=8. No signalling needed to CN.
2.    The eDRX acquisition period is the same for IDLE and INACTIVE.
3.    A)    For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
B)    For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by RAN paging cycle.




	Agreements in RAN2 115e:
4.    For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is not configured, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle.
5.    For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is no longer than 10.24s, outside CN PTW, T is determined by INACTIVE eDRX cycle.

…

5. Introduce an additional new IE for INACTIVE eDRX to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future).
6. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.
7. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle.
8. eDRX feature is optional for any UE (including RedCap and non-RedCap UEs).





Since RAN2 has agreed on the paging monitoring for RRC_INACTIVE UE, it is reasonable that the requirements in RAN4 follow the duration of T. 
Inactive state requirements when idle eDRX is longer than 10.24s are based on the duration of T, summarized in: 
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	>10.24
	Not configured
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	Not configured
	Outside CN PTW
	RAN paging cycle.

	>10.24
	≤10.24
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	≤10.24
	Outside CN PTW
	INACTIVE eDRX cycle



Inactive state requirements when idle eDRX is no longer than 10.24s are based on the duration of T, summarized in: 
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	≤10.24
	Not configured
	NA
	Shortest of RAN paging cycle, and IDLE eDRX cycle

	≤10.24
	≤10.24
	NA
	The shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.



 Conclusions
 In this contribution, Nokia’s views on eDRX enhancements are discussed. The following observations and proposals are presented:
1. The combination of eDRX cycle = 20.48s and DRX cycle = 0.32s leads to same UE power saving as other DRX cycle configurations.
1. Define serving cell measurement requirements for eDRX cycle = 20.48s and DRX cycle = 0.32s.
1. Define cell reselection requirements for eDRX cycle = 20.48s and DRX cycle = 0.32s.
1. Inactive state requirements when idle eDRX is longer than 10.24s are based on the duration of T, summarized in: 
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	>10.24
	Not configured
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	Not configured
	Outside CN PTW
	RAN paging cycle.

	>10.24
	≤10.24
	During CN PTW
	Shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer

	>10.24
	≤10.24
	Outside CN PTW
	INACTIVE eDRX cycle


Inactive state requirements when idle eDRX is no longer than 10.24s are based on the duration of T, summarized in: 
	IDLE eDRX[s]
	Inactive eDRX[s]
	Outside CN PTW or during CN PTW
	T

	≤10.24
	Not configured
	NA
	Shortest of RAN paging cycle, and IDLE eDRX cycle

	≤10.24
	≤10.24
	NA
	The shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.
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