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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 
2	Discussion
[bookmark: _Hlk89691254]2.1	Idle state serving cell eDRX requirements
In the last RAN4 meeting, the following was agreed regarding serving cell eDRX requirements: 
	Issue 1-2-1: Nserv and N1 for eDRX length up to 10.24s (FR2)
Moderator Note: The following table can be referred for Nserv (FR2) requirement discussion.
	eDRX cycle length [s]
	FR2 Scaling Factor (N1) 
	Nserv [number of eDRX cycles]

	2.56
	[TBD]
	N1*2


	5.12
	
	

	10.24
	
	



Agreement:  N1 = 3 for eDRX = 2.56 
Tentative agreement: N1 = 3 for eDRX = 5.12 and 10.24s.

Issue 1-2-2: Serving cell requirements for eDRX length larger than 10.24s
Agreement: The framework of requirements listed below are agreeable
Tentative agreement: Use the number in the table and put the formula     in the NOTES of the table, same for all cases when number and formula are used to express the same requirements

FR1 Nserv for 10.24s<eDRX cycle≤10485.76s
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR1
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	[TBD]
	1
	N1*2

	
	0.64
	[TBD]
	
	N1*2

	
	1.28
	[TBD]
	
	N1*2

	
	2.56
	[TBD]
	
	N1*2

	Note: FFS on whether M1 will be used or not for DRX = 0.32 and 0.64s


FR2 Nserv for 10.24s<eDRX cycle≤10485.76s
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR2
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	[TBD]
	[TBD]
	N1*2

	
	0.64
	[TBD]
	[TBD]
	N1*2

	
	1.28
	[TBD]
	[TBD]
	N1*2

	
	2.56
	[TBD]
	[TBD]
	N1*2

	Note: FFS on whether M1 will be used or not for DRX = 0.32 and 0.64s




Agreement: agree the following table for FR1 Serving cell requirements for eDRX length larger than 10.24s when DRX = 1.28 and 2.56s
	eDRX cycle length [s]
	DRX cycle length [s]

	
	
	PTW length [s] 
(number of 1.28s periods)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	1.28
	≥2.56 (2)

	
	2.56
	≥5.12 (4)



Issue 1-2-2-1: FR1 PTW length (N1=1), whether M1 should be considered for FR1/FR2 Nserv  when DRX = 0.32 and 0.64s 
Option 1: Keep M1 (MTK Huawei xiaomi Nokia oppo xiaomi)
Option 2: Do not use M1(Apple CMCC Ericsson)
Recommended WF: FFS

Issue 1-2-2-2: N1 for FR2 Nserv  requirements 
[bookmark: _Hlk95670120]Tentative agreement: Option 1: N1= [8] for DRX= 0.32s;  [5] for DRX=0.64s;   [4] for DRX= 1.28s; [ 3] for DRX =2.56s




N1 in FR2
In the last meeting, there was no consensus on the values of N1 to be considered for eDRX length up to 10.24s. In the baseline requirements from Rel-15, the N1 scaling factor is reduced from 8 to 3, as the DRX cycle length increases from 0.32s to 2.56s. In our view, the same value could be assumed for eDRX cycle lengths up to 10.24s.
N1 = 3 for eDRX cycle length ≤ 10.24s. 
Additionally, there was no consensus with the scaling factor N1 to be used for the requirements with PTW in FR2. As mentioned in the previous meeting, we can follow the tentative agreement proposed by the moderator. 
For 20.48s ≤ eDRX cycle length,  N1= 8 for DRX= 0.32s;  N1 = 5 for DRX=0.64s;   N1 = 4 for DRX= 1.28s; N1 = 3 for DRX =2.56s;
Serving cell requirements for eDRX length larger than 10.24s 
In the last meeting, it was discussed whether to consider M1 for serving cell requirements with eDRX length larger than 10.24s. The scaling factor M1 was introduced for power saving in short DRX cycles, and the justification behind the proposal to not use this scaling factor is that most of the power saving in eDRX cycle would come from the time spent outside PTW. 
Also, in the last meeting, it was discussed if the eDRX cycle length of 20.48s is feasible or not in FR2. The reasoning for questioning if this eDRX cycle is feasible or not is that it would require the same number of “on occasions” as the number of “on occasions” in non eDRX operation depending on the eDRX / DRX configuration.
Consider the example in the figures below. In the first figure, we have a UE configured with DRX cycle = 640 ms. If we take a time of 20.48s, there would be 32 DRX cycles in this period. In the second figure, we have a UE configured with DRX cycle = 320 ms and eDRX cycle of 20.48s. Considering that PTW length is given by Nserv * DRX_cycle, if we consider N1 = 8, M1 = 2 and Nserv = 2*M1*N1, PTW would be 10.24s, the number of DRX cycles within a 20.48s period would be 32 as well, just in the case in Fig 1. 
Despite the number of DRX cycles being the same in both cases, it is important to notice that with the eDRX configuration, the UE would be half of the eDRX cycle outside PTW, i.e., it could go to a deep sleep state for half of the eDRX cycle. However, according to TS 38.840, the total transition time (ramp down and ramp up) for a deep sleep is only 20 ms. So, in both cases, the UE could go to a deep sleep between the DRX cycles.  Of course, the number of wake ups within a time period depends on the exact combination of DRX and eDRX cycles, but for 20.48s and 40.96s the best option for the UE, in terms of number of wake ups, would be an eDRX cycle equal to 5.12s and 10.24s.
In FR2, there is limited power saving in the configuration of eDRX cycles equal to 20.48s and 40.96s, when compared to the configuration of eDRX cycles of 5.12s or 10.24s. The exact power saving, though, depends on the exact combination of eDRX and DRX cycle, and our view is that requirements could be specified also for 20.48s and 40.96s eDRX cycles, even if some configurations are not as beneficial as others.

[image: ]
Figure 1 - DRX operation with DRX cycle = 0.64s
 
[image: ]
Figure 2 - eDRX operation with eDRX cycle = 20.48s and DRX cycle = 0.32 s
Considering that in eDRX operation, most of the decrease in the power consumption comes from sleep during the time outside PTW, M1 might not be necessary to be considered in FR2. This is considered in the tables below.
Define Nserv for 20.48 ≤ eDRX_IDLE_cycle ≤ 10485.76s in FR1 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR1
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	1
	N1*2

	
	0.64
	≥ 2.56 (2)
	
	N1*2

	
	1.28
	≥ 2.56 (2) 
	
	N1*2

	
	2.56
	≥ 5.12 (4)
	
	N1*2


	
Define Nserv for 20.48 ≤ eDRX_IDLE_cycle ≤ 10485.76s in FR2 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR2
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 5.12 (4)
	8
	N1*2

	
	0.64
	≥ 6.4 (5)
	5
	N1*2

	
	1.28
	≥ 10.24 (8)
	4
	N1*2

	
	2.56
	≥ 15.36 (12)
	3
	N1*2


2.2 	Idle state cell reselection eDRX requirements 
In the last RAN4 meeting, the framework for the requirements with eDRX was agreed, but the exact requirements are still open for discussion.
	Agreement: The framework of requirements listed below are agreeable

Agreement: Use the number in the table and put the formula     in the NOTES of the table, same for all cases when number and formula are used to express the same requirements

FR1 Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when eDRX<= 10.24s

	eDRX cycle length [s]
	Scaling Factor (N1) FR1
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	1
	TBD
	TBD
	TBD

	5.12
	
	TBD
	TBD
	TBD

	10.24
	
	TBD
	TBD
	TBD


FR1 Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 10.24 < eDRX
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR1 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	TBD
	1
	TBD
	TBD
	TBD

	
	0.64
	TBD
	
	
	TBD
	TBD

	
	1.28
	TBD
	
	
	TBD
	TBD

	
	2.56
	TBD
	
	
	TBD
	TBD



FR2 Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when eDRX<= 10.24s
	eDRX cycle length [s]
	FR2 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	TBD

	TBD
	TBD
	TBD

	5.12
	
	TBD
	TBD
	TBD

	10.24
	
	TBD
	TBD
	TBD


FR2 Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 20.48 ≤  eDRX
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR2 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	TBD
	TBD
	
TBD
	TBD
	TBD

	
	0.64
	TBD
	TBD
	
	TBD
	TBD

	
	1.28
	TBD
	TBD
	
	TBD
	TBD

	
	2.56
	TBD
	TBD
	
	TBD
	TBD

	Note: when eDRX = 20.48s and 40.96s requirements are FFS






Idle-state cell reselection requirements without PTW
In the last meeting, there was no consensus on the exact values of Tdetec,NR_intra, Tmeasure,NR_intra and Tevaluate,NR_intra in FR1 and FR2. During the meeting, the moderator presented compromise proposals for FR1 and FR2, and we can agree to these proposals, which are repeated below:
Define Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra when eDRX_IDLE_cycle ≤ 10.24 in FR1 as:
	eDRX cycle length [s]
	Scaling Factor (N1) FR1
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	1
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)



Define Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra when when eDRX_IDLE_cycle ≤ 10.24 in FR2 as:
	eDRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	
	58.88 x N1  (23 x N1) 
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	3
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)



Idle-state cell reselection requirements without PTW
Define Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 20.48 ≤ eDRX cycle in FR1 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR1 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	1
	
(23)
	0.32 x N1 
(1 x N1)
	0.64 x N1
 (2 x N1)

	
	0.64
	≥ 1.28 (1)
	
	
	0.64 x N1 
(1 x N1)
	1.28 x N1
 (2 x N1)

	
	1.28
	≥  2.56 (2)
	
	
	1.28 x N1
 (1 x N1)
	2.56 x N1
 (2 x N1)

	
	2.56
	≥  5.12 (4)
	
	
	2.56 x N1 
(1 x N1)
	5.12 x N1
 (2 x N1)



Define Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 20.48 ≤ eDRX cycle in FR2 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR1 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	8
	
(23)
	0.32 x N1 
(1 x N1)
	0.64 x N1
 (2 x N1)

	
	0.64
	≥ 1.28 (1)
	5
	
	0.64 x N1 
(1 x N1)
	1.28 x N1
 (2 x N1)

	
	1.28
	≥  2.56 (2)
	4
	
	1.28 x N1
 (1 x N1)
	2.56 x N1
 (2 x N1)

	
	2.56
	≥  5.12 (4)
	3
	
	2.56 x N1 
(1 x N1)
	5.12 x N1
 (2 x N1)


3 Conclusions
 In this contribution, Nokia’s views on eDRX enhancements are presented. The following observations and proposals are discussed:
1. N1 = 3 for eDRX cycle length ≤ 10.24s. 
1. For 20.48s ≤ eDRX cycle length,  N1= 8 for DRX= 0.32s;  N1 = 5 for DRX=0.64s;   N1 = 4 for DRX= 1.28s; N1 = 3 for DRX =2.56s;
1. In FR2, there is limited power saving in the configuration of eDRX cycles equal to 20.48s and 40.96s, when compared to the configuration of eDRX cycles of 5.12s or 10.24s. The exact power saving, though, depends on the exact combination of eDRX and DRX cycle, and our view is that requirements could be specified also for 20.48s and 40.96s eDRX cycles, even if some configurations are not as beneficial as others.
Define Nserv for 20.48 ≤ eDRX_IDLE_cycle ≤ 10485.76s in FR1 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR1
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	1
	N1*2

	
	0.64
	≥ 2.56 (2)
	
	N1*2

	
	1.28
	≥ 2.56 (2) 
	
	N1*2

	
	2.56
	≥ 5.12 (4)
	
	N1*2


	
Define Nserv for 20.48 ≤ eDRX_IDLE_cycle ≤ 10485.76s in FR2 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	Scaling Factor (N1) for FR2
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 5.12 (4)
	8
	N1*2

	
	0.64
	≥ 6.4 (5)
	5
	N1*2

	
	1.28
	≥ 10.24 (8)
	4
	N1*2

	
	2.56
	≥ 15.36 (12)
	3
	N1*2



Define Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra when eDRX_IDLE_cycle ≤ 10.24 in FR1 as:
	eDRX cycle length [s]
	Scaling Factor (N1) FR1
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	1
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)



Define Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra when when eDRX_IDLE_cycle ≤ 10.24 in FR2 as:
	eDRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of eDRX cycles)
	Tmeasure,NR_Intra [s] (number of eDRX cycles)
	Tevaluate,NR_Intra
[s] (number of eDRX cycles)

	2.56
	
	58.88 x N1  (23 x N1) 
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	3
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)



Define Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 20.48 ≤ eDRX cycle in FR1 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR1 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	1
	
(23)
	0.32 x N1 
(1 x N1)
	0.64 x N1
 (2 x N1)

	
	0.64
	≥ 1.28 (1)
	
	
	0.64 x N1 
(1 x N1)
	1.28 x N1
 (2 x N1)

	
	1.28
	≥  2.56 (2)
	
	
	1.28 x N1
 (1 x N1)
	2.56 x N1
 (2 x N1)

	
	2.56
	≥  5.12 (4)
	
	
	2.56 x N1 
(1 x N1)
	5.12 x N1
 (2 x N1)



Define Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra  when 20.48 ≤ eDRX cycle in FR2 as:
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of 1.28s periods)
	FR1 Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (1)
	8
	
(23)
	0.32 x N1 
(1 x N1)
	0.64 x N1
 (2 x N1)

	
	0.64
	≥ 1.28 (1)
	5
	
	0.64 x N1 
(1 x N1)
	1.28 x N1
 (2 x N1)

	
	1.28
	≥  2.56 (2)
	4
	
	1.28 x N1
 (1 x N1)
	2.56 x N1
 (2 x N1)

	
	2.56
	≥  5.12 (4)
	3
	
	2.56 x N1 
(1 x N1)
	5.12 x N1
 (2 x N1)



References
[1] [bookmark: _Ref89678895]R4-2202672, “WF on eDRX and RRM measurement relaxations requirements for RedCap UE”, vivo
[2] TR 38.840, Study on User Equipment power saving in NR, Release 16
image1.png
eDRX cycle = 20.485

PTW

ON

—
DRX cycle =320 ms

ON
<

[ —
DRX cycle = 640 ms

Time = 20.48s




