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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
eDRX requirements for RedCap UE was discussed at last RAN4 meeing and some high-level agreements were reached in [1]. In this contribution, we continue the discussions based on these agreements and provide our further view on technail details of eDRX requirements. 
2. eDRX design in Idle mode
Before discussing the detail requirement tables, it is suggested to clarify the general rules for eDRX design in different sceanarios.
2.1 Basic procedures in Idle mode
In legacy Idle mode, UE will wake-up itself to perform serving cell evaluation, neighbour cell measurements for cell reselection, and paging monitoring in each DRX cycle. Compared with legacy LTE eDRX design, there is an important difference to note between LTE and NR which is that the reference signals (RS) are always transmitted in the former case while they are transmitted following a configured periodcity in the latter case. Consequently, when the UE is configured with eDRX cycles then the UE’s behaviour should also be based on configured SMTC periocicity instead of DRX cycle.
[bookmark: _Ref92067046]Observation 1: In legacy Idle mode, UE will wake-up itself to perform serving cell evaluation, neighbour cell measurements for cell reselection, and paging monitoring in each DRX cycle.
2.2 eDRX mode without PTW
The remaining issues are Tmeasure, Tevaluate and N1.
Tmeasure, Tevaluate
In legacy DRX mode, the number of DRX cycles of both Tmeasure and Tevaluate values are decreased with longer DRX cycle length because the longer DRX cycle will have more power saving to UE. Natually, to avoid much longer delay for cell reselection evaluation, when eDRX mode is introduced, the Tmeasure and Tevaluate values shall be shorter than normal DRX mode. Therefore, we propose to define Tmeasure = 1 and Tevaluate = 2 for all eDRX cycles without PTW mode. It should be seen that the total evaluation delay in eDRX mode will be still longer than normal DRX mode even with shorter eDRX cycles.
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR (number of DRX cycles)
	Tmeasure (number of DRX cycles)
	Tevaluate,NR (number of DRX cycles)

	
	FR1
	FR2
	
	
	

	0.32
	1
	8
	36 x N1 x M2
	4 x N1 x M2
	16 x N1 x M2

	0.64
	
	5
	28 x N1
	2 x N1
	8 x N1

	1.28
	
	4
	25 x N1
	1 x N1
	5 x N1

	2.56
	
	3
	23 x N1
	1 x N1
	3 x N1


[bookmark: _Ref92067049]Observation 2: In normal DRX mode, the number of DRX cycles of both Tmeasure and Tevaluate values are decreased with longer DRX cycle length. 
[bookmark: _Ref92067068]Proposal 1: When eDRX_IDLE cycles without PTW, define the number of eDRX cycles as Tmeasure =1 and Tevaluate = 2 for eDRX cycle length up-to 10.24s.
N1
In legacy DRX mode, N1 values are also decreased by longer DRX cycles from 8 to 3 because UE having more power saving with longer DRX cycles. Thus, UE can wake up itself several times to monitor the RSs(SSB) for Rx beam sweeping based on different UE implementation. In last meeting, most companies suggest to keep N1=3 for all the eDRX cycle and RedCap UE’s power class.
[bookmark: _Ref92067074]Proposal 2: When eDRX_IDLE cycles without PTW, define N1=3 for all RedCap power classes.
2.3 eDRX mode with PTW
Tdetect, Tmeasure and Tevaluate 
In legacy LTE eDRX, Tmeasure equals one DRX cycle and Tevaluate equals two DRX cycles in PTW and the length of Tdetect will be larger than one PTW. From our understanding, the delay of Tdetect, Tmeasure and Tevaluate can be resued in eDRX and PTW design for FR1. 
[bookmark: _Ref92067083]Proposal 3: When eDRX_IDLE cycles with PTW, Tdetect, Tmeasure and Tevaluate in legacy eDRX design can be resued in RedCap eDRX for FR1.
· Tdetect = 23 DRX cycles
· Tmeasure = 1 DRX cycle
· Tevaluate = 2 DRX cycles
FR2 scaling factor(N1)
As we mentioned before whether the legacy FR2 scaling factor can be applied in PTW depends on whether the overall measurement delay in PTW will be larger than the eDRX length. It can be calculated that when DRX cycle equaling 2.56s, N1 factor equaling 3, the total PTW length is 15.36s which still doesn’t exceed the minimum configured eDRX cycle length(20.48s). Therefore, we propose to always reuse the N1 factor for UE supporting power class 2&3&4. 
[bookmark: _Ref92067086]Proposal 4: When eDRX_IDLE cycles with PTW, N1 value is as follow for all UE power class.
· N1 = 8 for DRX cycle = 0.32s
· N1 = 5 for DRX cycle = 0.64s
· N1 = 4 for DRX cycle = 1.28s
· N1 = 3 for DRX cycle = 2.56s
M1, M2
From our understanding, M1, M2 are mainly introduced for UE’s power saving in short DRX cycles. The main benefits for power saving are UE’s deep sleep outside PTW in eDRX design. It’s reasonable to speed up the measurement during PTW to get a long deep sleep duration outside PTW. Thus, it’s naturally to ignore the scaling factor M1, M2 in eDRX with PTW design.
[bookmark: _Ref95247136]Proposal 5: When eDRX_IDLE cycles with PTW, define the scaling factor M1, M2 equaling 1.
eDRX cycle =20.48s
In last meeting, some companies argue that eDRX=20.48s isn’t an effective configuration since there is no power saving gain compared with short eDRX, such as 2.56s. For example, the UE needs to wake up M1*N1* Nserv = 1.5*8*2=24 times for DRX =0.32s in each eDRX cycle. If UE is configured with eDRX=2.56s, the UE will only wake up 20.48/2.56 = 8 times in the same eDRX duration. It seems the UE will waste 3 times power for eDRX=20.48s compared with eDRX=2.56s. If we compare any two eDRX cycle, such as eDRX = 163.84s with short DRX =0.32s with eDRX = 81.92s and long DRX=2.56s, we can get the same conclusion that the UE will wake up more times in long eDRX than short eDRX. It seems all the eDRX cycle with short DRX will be useless based on the similar logic. However, this argument forgot that UE still had to wake up for paging monitoring, inter-frequency measurement and inter-RAT measurement.  
Considering power issue, the most important thing is that when eDRX =2.56s, the UE had to always stay in ‘light sleep’ due to neighbour cells measurement and AGC retuning. Compared with short eDRX without PTW, the main benefits for eDRX with PTW is that the UE can go to ‘deep sleep’ in the time duration outside PTW. Furthermore, when RAN2 design all these eDRX configurations, it is of course important that such values would also make a difference with respect to UE power consumption, but it would be also good to note that sometimes same power consumption outcome can be achieved with a combination of different parameters. Therefore, we don’t think there is any issue on current eDRX cycles design.
[bookmark: _Ref95247141]Proposal 6: When eDRX_IDLE cycles with PTW, all the eDRX configurations are valid.

Split PTW to 2 gears for small DRX cycle
In last meeting, some companies suggest splitting the PTW to 2 gears for small DRX cycle. The argument is to optimize the power consumption. However, as we mentioned before, the key benefit for power saving in eDRX design is UE will go to ‘deep sleep’ in the time duration outside PTW. Therefore, if we want to have the better power saving gain, the PTW design shall be as short as possible. Considering PTW is the function of Tevaluate, if the design is to extend the Tmeasure and Tevaluate will result in a worse power consumption design. Therefore, RAN4 not to split the PTW to 2 gears for small DRX cycle in eDRX with PTW.
[bookmark: _Ref95247145]Proposal 7: When eDRX_IDLE cycles with PTW, RAN4 not to split the PTW to 2 gears.

Timer for initiating Cell selection in Idle mode
In current NR Idle mode, it specifies that UE shall initiate cell selection procedures for the selected PLMN after 10s if the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information. 
In LTE eDRX, the timer is update to T=MAX(10 s, one eDRX_IDLE cycle) if the UE is configured with eDRX_IDLE cycle. Although UE needs to search intra-frequency, inter-frequency and inter-RAT information, the total extended duration is one eDRX_IDLE cycle other than Kcarrier* eDRX_IDLE cycle which implies UE shall speed up the measurement in this scenario other than following the normal Idle mode measurement requirement.
[bookmark: _Ref95404762]Observation 3: If the UE is configured with eDRX_IDLE cycle in LTE, the search time is update to MAX(10 s, one eDRX_IDLE cycle).
In NR FR1, if the UE is configured with eDRX_IDLE cycle, the timer is update to T=MAX(10 s, one eDRX_IDLE cycle).

[bookmark: _Ref95414296]Proposal 8: When UE is configured with eDRX_IDLE cycle, RAN4 to introduce the max function for timer T = max(10s, one eDRX_IDLE cycle) in FR1 for initiating the cell selection.
In NR FR2, if the UE is configured with eDRX_IDLE cycle and the eDRX_IDLE cycle is less than 20.48s, considering Rx beam sweeping factor N1, the evaluation time Nserv, Tevaluate are much larger than one eDRX cycle. Thus, the requirement shall be updated to introduce the max function for the timer T= max(10s, K1*eDRX cycle), where, K1=2.
If the UE is configured with eDRX_IDLE cycle and the eDRX_IDLE cycle is larger than 10.24s, the eDRX cycle is longer enough. Thus, the timer is update to T=MAX(10 s, one eDRX_IDLE cycle). However, considering the max value will be 2*3*10.24 = 61.44s when eDRX=10.24s, it’s not reasonable to reuse 10s in the max equation for longer eDRX cycle. 
[bookmark: _Ref95414299]Proposal 9: When UE is configured with eDRX_IDLE cycle, RAN4 to introduce the max function for timer T = max(10s, K1*N1*eDRX_IDLE cycle) in FR2 for initiating the cell selection when eDRX cycle is less than 20.48s, where, K1=2. 
Otherwise, T = max(81.92s, one eDRX_IDLE cycle).
3. eDRX design in Inactive mode
After the clear defining the general rules for eDRX design in Idle mode, the detail requirements in inactive mode are shown as follow. CT1 and SA2 agreed to support eDRX up to 10.24s for RRC inactive in R17. UE in inactive mode shall monitor both CN paging and RAN Paging. RAN2 has reached agreement on how to determine T (which is used to calculate PO and PF) as follow. Therefore, it’s reasonable to define Inactive mode requirement based on the agreed paging cycle in RAN2.
Table 1. Summary of RAN2 agreements on T determination
	IDLE eDRX
	Inactive eDRX
	T

	>10.24
	N/A
	Within PTW: Min{UE specific DRX cycle(if configured by upper layer), RAN paging cycle, default paging cycle} 

	
	
	Outside PTW: RAN paging cycle

	
	<=10.24
	Within PTW: min{UE specific DRX cycle (if configured by upper layer) , INACTIVE eDRX cycle and default paging cycle}.

	
	
	Outside PTW: INACTIVE eDRX cycle

	<=10.24
	N/A
	min{RAN paging cycle, IDLE eDRX cycle}

	
	<=10.24
	min{IDLE eDRX cycle, INACTIVE eDRX cycle}


[bookmark: _Ref95247148]Proposal 10: RAN4 to define Inactive mode requirement based on paging cycle agreed in RAN2.
4. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the eDRX requirements based on the agreements and open issues from last meeting. Based on the discussions, we have made following proposals and observation:
Observation 1: In legacy Idle mode, UE will wake-up itself to perform serving cell evaluation, neighbour cell measurements for cell reselection, and paging monitoring in each DRX cycle.
Observation 2: In normal DRX mode, the number of DRX cycles of both Tmeasure and Tevaluate values are decreased with longer DRX cycle length.
Observation 3: If the UE is configured with eDRX_IDLE cycle in LTE, the search time is update to MAX(10 s, one eDRX_IDLE cycle).
Proposal 1: When eDRX_IDLE cycles without PTW, define the number of eDRX cycles as Tmeasure =1 and Tevaluate = 2 for eDRX cycle length up-to 10.24s.
Proposal 2: When eDRX_IDLE cycles without PTW, define N1=3 for all RedCap power classes.
Proposal 3: When eDRX_IDLE cycles with PTW, Tdetect, Tmeasure and Tevaluate in legacy eDRX design can be resued in RedCap eDRX for FR1.
· Tdetect = 23 DRX cycles
· Tmeasure = 1 DRX cycle
· Tevaluate = 2 DRX cycles
Proposal 4: When eDRX_IDLE cycles with PTW, N1 value is as follow for all UE power class.
· N1 = 8 for DRX cycle = 0.32s
· N1 = 5 for DRX cycle = 0.64s
· N1 = 4 for DRX cycle = 1.28s
· N1 = 3 for DRX cycle = 2.56s
Proposal 5: When eDRX_IDLE cycles with PTW, define the scaling factor M1, M2 equaling 1.
Proposal 6: When eDRX_IDLE cycles with PTW, all the eDRX configurations are valid.
Proposal 7: When eDRX_IDLE cycles with PTW, RAN4 not to split the PTW to 2 gears.
Proposal 8: When UE is configured with eDRX_IDLE cycle, RAN4 to introduce the max function for timer T = max(10s, one eDRX_IDLE cycle) in FR1 for initiating the cell selection.
Proposal 9: When UE is configured with eDRX_IDLE cycle, RAN4 to introduce the max function for timer T = max(10s, K1*N1*eDRX_IDLE cycle) in FR2 for initiating the cell selection when eDRX cycle is less than 20.48s, where, K1=2.
Otherwise, T = max(81.92s, one eDRX_IDLE cycle).
Proposal 10: RAN4 to define Inactive mode requirement based on paging cycle agreed in RAN2.
	IDLE eDRX
	Inactive eDRX
	T

	>10.24
	N/A
	Within PTW: Min{UE specific DRX cycle(if configured by upper layer), RAN paging cycle, default paging cycle} 

	
	
	Outside PTW: RAN paging cycle

	
	<=10.24
	Within PTW: min{UE specific DRX cycle (if configured by upper layer) , INACTIVE eDRX cycle and default paging cycle}.

	
	
	Outside PTW: INACTIVE eDRX cycle

	<=10.24
	N/A
	min{RAN paging cycle, IDLE eDRX cycle}

	
	<=10.24
	min{IDLE eDRX cycle, INACTIVE eDRX cycle}



5. References
[1] R4-2120325, “WF on eDRX and RRM measurement relaxations requirements for Redcap UE”, Vivo

