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1 	Introduction
[bookmark: _Ref78880396]In this contribution paper, the remaining issues of the extended DRX (eDRX) enhancements for reduced capability (RedCap) on the Rel-17 specification are discussed. The further study issues and the tentative agreements from the previous meeting is captured in the WF [1]. 
2 Extending DRX of general requirements for 5G NR devices
2.1. Discussion on the benefits of eDRX cycles 20.48s for FR2
From the WF [1], we have the following FFS issue:
	Issue 1-2-2-3: 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

Issue 1-3-4-1: 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



In this section, we assess the feasibility of the case eDRX cycles = 20.48s with DRX = 0.32s in FR2 as follows:
Case 1: In this case we find the number of wake-up occasions in a single eDRX with PTW, so we can use it to assess the feasibility and benefits of eDRX in FR2. Now, the Nserv formula with PTW for FR2, with eDRX cycle = 20.48s and DRX cycle = 0.32s, is given as: 2*N1. 
· The number of DRX cycles within a single eDRX within the PTW is equal to: 2*8 = 16 DRX cycles = 5.12s. This means the UE shall has 16 awake (on) occasions within a single eDRX with PTW. The representation of eDRX cycle of 20.48s with PTW if depicted in Figure 1-(a).
Case 2: In this case, we assess the feasibility of eDRX cycles (20.48s) calculating the number of wake-up occasions for the lowest eDRX without PTW (i.e. 2.56s) for a period of time equal to the length of eDRX with PTW (i.e. 20.48s). Then, we compare it to the number of wake-up occasions that we found in case 1.  
1. The number of DRX cycles (2.56s) within eDRX = 20.48s is equal to = 20.48s/2.56s = 8 occasions. This is depicted in Figure 1-(b).
0. The representative comparison of case 1 and case 2a is depicted in Figure 1. 
0. Given that (8 << 32) means the new eDRX with PTW (20.48s) in FR2 has more power consumption compared to the lowest eDRX = 2.56s due to the higher number of wake-up occasions. Thus, eDRX = 20.48s is not feasible to be supported. 
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[bookmark: _Ref95765544]Figure 1: Time representation of the new eDRX with PTW = 20.48s in (a) compared to the new eDRX cycle without PTW = 2.56s in (b) for the same period of time 20.48s 
Observation 1: [bookmark: _Ref95766183]The case eDRX cycles with PTW 20.48s and DRX cycle 0.32s has more wake-up occasions compared to the eDRX cycle 2.56s.
Furthermore, to assess the concept of deep sleep for the UE, we refer to RAN1 agreement for power model for NR power saving, which provides the transition time needed by the UE before moving to a deep sleep mode, given in clause 8.1 in [2], which is equal to 20ms. From the agreements in [2], given the transition time needed is only 20ms, which is much less compared to the lowest DRX cycle (i.e. 320ms). Thus, the UE can go to deep sleep within the PTW between the DRX cycles. This means given that the case 1 of eDRX cycles with PTW 20.48s and DRX cycle 0.32s has more wake-up occasions compare to case 2 (i.e. the lowest eDRX 2.56s), as detailed above, hence, the power saving for case 1 is lower than the power saving of case 2. Therefore, given that the main purpose of introducing eDRX in RedCap is to increase the power saving, thus, case 1 should not be configured by the network. In addition, RAN4 shall send an LS to RAN2 with details on the case eDRX cycles with PTW 20.48s and DRX cycle 0.32s and RAN4 shall ask RAN2 for their feedback.
Observation 2: [bookmark: _Ref78929202]The deep sleep concept applies for all DRX in IDLE/INACTIVE mode including the ones within PTW, hence the UE can go to deep sleep within the PTW.
Observation 3: [bookmark: _Ref101260346]The case of eDRX cycles with PTW 20.48s and DRX cycle 0.32s has lower power saving compared to eDRX 2.56s, hence it should not be included.
Proposal 1: [bookmark: _Ref101260373]It is invalid to configure eDRX cycle with PTW = 20.48s with DRX cycle.
Proposal 2: [bookmark: _Ref101366817]RAN4 shall send the following LS to RAN2 to ask for their feedback:
	1. Overall Description:
RAN4 has identified that the case eDRX cycles with PTW 20.48s and DRX cycle 0.32s will have higher power consumption compared to the lowest defined eDRX 2.56s. Hence, RAN4 would like to ask RAN2 on whether it is possible that the network should exclude this case eDRX cycles with PTW 20.48s and DRX cycle 0.32s?
2. To RAN WG2 group. 
ACTION: RAN4 kindly ask RAN2 to provide feedback for the above question.



2.2. eDRX requirements for the INACTIVE MODE 
There are two open issues for the INACTIVE state requirements when IDLE eDRX is configured. In this section, we discuss the scenarios in the two issues provided above.
	Issue 1-4-1: 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 

Issue 1-4-2: 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)   
· [bookmark: _Hlk101526270]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 



Issue 1-4-1: Inactive state requirements when idle eDRX is longer than 10.24s
To understand the paging monitoring cycle T, we provide our views and the details below:
Scenario 1, IDLE eDRX >10.24s and INACTIVE eDRX is not configured and during the PTW: our understanding of the T period during the CN PTW should be the shortest of the following:
· Default paging cycle: this is the RAN paging cycle configured by the gNB and in this scenario the default paging cycle is the DRX cycle.
· UE specific DRX cycle configured by upper layer: this is the core network cycle and it is also a DRX cycle in this scenario. 
Scenario 2, IDLE eDRX >10.24s and INACTIVE eDRX is not configured and outside the PTW: our understanding of the T period outside the CN PTW should be based on the INACTIVE DRX cycle configured by the suspending message.
· RAN paging cycle: this is the INACTIVE DRX cycle. 
Scenario 3, IDLE eDRX >10.24s and INACTIVE eDRX <=10.24s and during the PTW: our understanding of the T period during the CN PTW should be the shortest of the following:
· Default paging cycle: this is the RAN paging cycle configured by the gNB and in this scenario the default paging cycle is the DRX cycle.
· UE specific DRX cycle configured by upper layer: this is the core network cycle, and it is also a DRX cycle in this scenario. 
Scenario 4, IDLE eDRX >10.24s and INACTIVE eDRX <=10.24s and outside the PTW: our understanding of the T period outside the CN PTW should be based on the INACTIVE eDRX cycle.
· The INACTIVE DRX cycle. 
Therefore, we support the provided table from moderator.
Proposal 3: [bookmark: _Ref101260401]The T period for IDLE eDRX > 10.24s shall be found based the following table for the provided scenarios below: 
	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



Issue 1-4-2: Inactive state requirements when idle eDRX is no longer than 10.24s
To understand the paging monitoring cycle T, we provide our views and the details below:
Scenario 5, IDLE eDRX <=10.24s and INACTIVE eDRX is not configured: based on table provided in the open issue, the T period should be the shortest of the following:
· RAN paging cycle: in this scenario the RAN paging cycle is the DRX cycle. This is configured by the gNB.
· IDLE eDRX cycle: this is the core network IDLE eDRX cycle. This is because the core network configures IDLE mode only and has no knowledge of the INACTIVE mode.
However, given that the DRX cycle is always equal or less than the eDRX cycle hence the T period shall be written as RAN paging cycle.
Scenario 6, IDLE eDRX <=10.24s and INACTIVE eDRX <=10.24s: based on table provided in the open issue, the T period has the correct condition. This is because both IDLE eDRX and INACTIVE eDRX are configured and both are <= 10.24s.
Proposal 4: [bookmark: _Ref101260416]The T period for IDLE eDRX <= 10.24s shall be found based the following table for the provided scenarios below: 
	IDLE eDRX[s]
	Inactive eDRX[s]
	T

	≤10.24
	Not configured
	RAN paging cycle

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



3 Summary
In this contribution, the impact of eDRX on Rel-17 specification are discussed and hence we have the following observations and proposals: 
Observation 1: The case eDRX cycles with PTW 20.48s and DRX cycle 0.32s has more wake-up occasions compared to the eDRX cycle 2.56s.
Observation 2: The deep sleep concept applies for all DRX in IDLE/INACTIVE mode including the ones within PTW, hence the UE can go to deep sleep within the PTW.
Observation 3: The case of eDRX cycles with PTW 20.48s and DRX cycle 0.32s has lower power saving compared to eDRX 2.56s, hence it should not be included.
Proposal 1: The network shall not configure eDRX cycle with PTW = 20.48s with DRX cycle.
Proposal 2: RAN4 shall send the following LS to RAN2 to ask for their feedback:
	1. Overall Description:
RAN4 has identified that the case eDRX cycles with PTW 20.48s and DRX cycle 0.32s will have higher power consumption compared to the lowest defined eDRX 2.56s. Hence, RAN4 would like to ask RAN2 on whether it is possible that the network should exclude this case eDRX cycles with PTW 20.48s and DRX cycle 0.32s?
2. To RAN WG2 group. 
ACTION: RAN4 kindly ask RAN2 to provide feedback for the above question.


Proposal 3: The T period for IDLE eDRX > 10.24s shall be found based the following table for the provided scenarios below:
	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


Proposal 4: The T period for IDLE eDRX <= 10.24s shall be found based the following table for the provided scenarios below:
	IDLE eDRX[s]
	Inactive eDRX[s]
	T

	≤10.24
	Not configured
	RAN paging cycle

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