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1 Introduction
In last RAN4#101-e meeting, discussion on eDRX requirements for RedCap UE was conducted and a way forward was agreed in [1]. In this contribution, we provide our further discussion on the RRM requirements for extended DRX enhancements for RedCap.
2 Discussion
General
	Issue 1-1-1: Whether prioritizing the eDRX requirements for FR1 and de-prioritizing the eDRX requirements for FR2.
· Option 1: RAN4 to define RedCap RRM requirement with eDRX for both FR1 and FR2 (Apple Ericsson Huawei CMCC Nokia)
· Option 2: Support prioritizing the eDRX requirements for FR1 and de-prioritizing the eDRX requirements for FR2 and discuss the necessity and applicability of FR2 in RedCap UEs. (MTK xiaomi Apple)
· Option 3: FFS


The priority of eDRX requirements for FR1 and FR2 were discussed in last meeting. Our initial preference is to de-prioritize the FR2 discussion as the PTW length issue was identified in previous meeting. However, the requirements for FR2 has already discussed in last meeting, and also the FR2 use case will be further discussed in RF section. Then, following the progress in RF section, we support to define RedCap RRM requirement with eDRX for both FR1 and FR2. 
Proposal 1: RAN4 to define RedCap RRM requirement with eDRX for both FR1 and FR2.
eDRX requirements for idle state
The eDRX requirements for idle state was extensively discussed in last meeting. Generally, we prefer to classify eDRX requirements into 2 groups depending on whether PTW is configured or not for both FR1 and FR2. For the case eDRX with PTW, we think it is reasonable to use LTE eDRX requirements approach as baseline when developing NR eDRX requirements. Specifically, the evaluation time of Nserv DRX cycle for serving cell should be within a single PTW, and the Tmeasure / Tevaluate for intra-frequency/inter-frequency/inter-RAT EUTRAN should be within a single PTW window while the Tdetect could across multiple PTWs.
Proposal 2: Use LTE eDRX requirements approach as baseline when developing requirements for NR eDRX with PTW:
· For serving cell, the evaluation time of should be within a single PTW;
· For intra-frequency/inter-frequency/inter-RAT EUTRAN measurement, the Tmeasure / Tevaluate for intra-frequency/inter-frequency/inter-RAT EUTRAN should be within a single PTW window, while the Tdetect could across multiple PTWs.
For FR2 eDRX requirements, the issue was identified that the Nserv consecutive DRX cycles for serving cell and Tmeasure /Tevaluate for intra-frequency /inter-frequency /inter-RAT EUTRAN could not be within a single PTW considering the introduced scaling factor N1. If RAN4 agreed to define RRM requirement with eDRX for FR2, we prefer to only consider the case that a single PTW could cover the Nserv DRX cycles and Tmeasure /Tevaluate.
From our perspective, the scaling factor N1 for RX beam sweeping is important for FR2 measurement and the value was specified after fully discussion. Therefore, we prefer not to change the legacy value of N1 for eDRX cycle larger than 10.24s. For eDRX cycle no longer than 10.24s (10.24s, 5.12s, 2.56s), we think the scaling factor N1 could reuse the value 3, which is specified for 2.56s DRX cycle.
Proposal 3: For FR2 eDRX requirements:
· N1=3 for UE configured with eDRX_IDLE cycle no longer than 10.24s, e.g. 10.24s, 5.12s, 2.56s;
· Keep the legacy N1 value of FR2 for UE configured with eDRX_IDLE cycle larger than 10.24s.
Nserv value
	Issue 1-3-1: Design principles of eDRX requirements with and without PTW for FR1 
· Option 1: If eDRX cycle length is up-to 10.24s, no need to consider PTW in RRM requirement. If eDRX > 10.24s, RRM requirement needs to consider PTW (Apple Eric MTK Huawei vivo QC xiaomi CMCC Nokia)
Tentative agreements:Option 1
Issue 1-3-7: Nserv value for eDRX length up to 10.24s
Tentative agreements: eDRX up to 10.24s for FR1 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Table 4.2.2.x1-x1: Nserv for UE operating with eDRX_IDLE cycle without PTW for FR1 
	eDRX cycle length [s]
	Nserv [number of DRX cycles]

	2.56
	2

	5.12
	2

	10.24
	2





In latest TS 36.133, the requirement for serving cell for UE configured with eDRX_IDLE cycle is specified as follow:
Table 4.2.2.1-2: Nserv for UE configured with eDRX_IDLE cycle
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Nserv [number of DRX or eDRX cycles Note 3]

	5.12
	N/A
	N/A
	2

	10.24 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
	2

	
	0.64
	≥1.28 (1)
	2

	
	1.28
	≥2.56 (2)
	2

	
	2.56
	≥5.12 (4)
	2

	NOTE 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.
NOTE 2: The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].
NOTE 3: Number of eDRX cycles when eDRX_IDLE cycle length equals 5.12s, number of DRX cycles otherwise.


In current TS 38.133, the requirement for NR serving cell is captured below:
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv [number of DRX cycles]

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	M1*N1*4

	0.64
	
	5
	M1*N1*4

	1.28
	
	4
	N1*2

	2.56
	
	3
	N1*2

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.


As mentioned above, we propose:
Proposal 4: For RRC_IDLE RedCap UE, Nserv for UE operating with eDRX_IDLE cycle could be specified as Table 1 and Table 2. 
Table 1: Nserv for UE configured with eDRX_IDLE cycle for FR1
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Nserv [number of DRX or eDRX cycles Note 3]

	2.56
	N/A
	N/A
	2

	5.12
	N/A
	N/A
	2

	10.24
	N/A
	N/A
	2

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥1.28 (1)
	M1*2

	
	0.64
	≥1.28 (1)
	M1*2

	
	1.28
	≥2.56 (2)
	2

	
	2.56
	≥5.12 (4)
	2



Table 2: Nserv for UE configured with eDRX_IDLE cycle for FR2
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling Factor (N1)
	Nserv [number of DRX or eDRX cycle]

	2.56
	N/A
	N/A
	3
	N1*2

	5.12
	N/A
	N/A
	
	N1*2

	10.24
	N/A
	N/A
	
	N1*2

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥5.12 (4)
	8
	M1*N1*2

	
	0.64
	≥6.4 (5)
	5
	M1*N1*2

	
	1.28
	≥10.24 (8)
	4
	N1*2

	
	2.56
	≥15.36 (12)
	3
	N1*2


Cell reselection requirements for RedCap UE with eDRX cycle
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 5: For RRC_IDLE RedCap UE, the requirements for intra-frequency NR cells measurements for UE configured with eDRX_IDLE cycle could be specified as Table 3 and Table 4. 
Table 3: Nserv for UE configured with eDRX_IDLE cycle for FR1
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,EUTRAN_Intra [s] (number of DRX or eDRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX or eDRX cycles Note 3)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX or eDRX cycles Note 3)

	2.56
	N/A
	N/A
	58.88 (23)
	2.56 (1)
	5.12 (2)

	5.12
	N/A
	N/A
	117.76 (23)
	5.12 (1)
	10.24 (2)

	10.24
	N/A
	N/A
	235.52 (23)
	10.24 (1)
	20.48 (2)

	20.48 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
	
 (23)
	0.32 x M2 (1 x M2)
	0.64 x M2 (2 x M2)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

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



Table 4: Nserv for UE configured with eDRX_IDLE cycle for FR2
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling
factor
(N1)
	Tdetect,EUTRAN_Intra [s] (number of DRX or eDRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX or eDRX cycles Note 3)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX or eDRX cycles Note 3)

	2.56
	N/A
	N/A
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	5.12 x N1 (2 x N1)

	5.12
	N/A
	N/A
	
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	N/A
	N/A
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)

	20.48 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥5.12 (4)
	8
	
 x N1 (23 x N1)
	0.32 x N1 x M2 (1 x N1 x M2)
	0.64 x N1 x M2 (2 x N1 x M2)

	
	0.64
	≥6.4 (5)
	5
	
	0.64 x N1 (1 x N1)
	1.28 x N1 (2 x N1)

	
	1.28
	≥10.24 (8)
	4
	
	1.28 x N1 (1 x N1)
	2.56 x N1 (2 x N1)

	
	2.56
	≥15.36 (12)
	3
	
	2.56 x N1 (1 x N1)
	5.12 x N1 (2 x N1)


For inter-frequency NR and inter-RAT EUTRAN measurements requirements, we think the similar rationale could be taken.
Proposal 6: For RRC_IDLE RedCap UE, the requirements for inter-frequency NR and inter-RAT EUTRAN for UE configured with eDRX_IDLE cycle could be specified in the similar way as intra-frequency. 
eDRX requirements for inactive state
	Issue 1-4-1: On eDRX requirements for inactive state 
· Option 1: inactive eDRX requirements reuse the corresponding idle state eDRX requirements (MTK)
· Option 2: RAN4 to take the sample number of eDRX requirements for idle mode as baseline for inactive mode (Apple CMCC)
· Option 3: When idle eDRX is longer than 10.24s, regardless whether inactive eDRX is configured or not, measurement requirements can be defined based on inactive DRX/eDRX, and no PTW is considered; When idle eDRX is no longer than 10.24s, regardless whether inactive eDRX is configured or not, measurement requirements can be defined based on inactive DRX/eDRX cycle (Huawei)
· Option 4: depend on outcome of 1-2-2 (Ericsson vivo)
· Option 5: FFS (Nokia)
Note: depending on outcome of 1-2-2
Issue 1-4-2: On measurement cycle for inactive mode
· Option 1: the measurement cycle for inactive mode requirement with eDRX shall be specified based on the paging monitoring cycle of T from RAN2 agreements summarized in table 1. (Apple)
· Option 2: FFS (Eric MTK Huawei vivo Huawei CMCC Nokia)



It was confirmed in last meeting that eDRX length for RRC_INACTIVE state is up to 10.24s and there would be no PTW for such case. It is exactly the same way as the eDRX configured for RRC_IDLE state, when eDRX length is no longer than 10.24s. Then we think it is reasonable to take the sample number of eDRX requirements for idle mode as baseline for inactive mode.
Proposal 7: RAN4 to take the sample number of eDRX requirements for idle mode as baseline for inactive mode.
For inactive mode UE, it could receive both RAN paging and CN paging. Considering eDRX configuration, the inactive UE would receive both idle eDRX and inactive eDRX at the same time. In our knowledge, the issue of how paging monitoring cycle T is determined for a UE in RRC_INACTIVE has reached consensus in RAN2. We think it is reasonable to specify the measurement requirements based on RAN2’s agreement.
Proposal 8: RAN4 to define the measurement requirements inactive mode UE configured with eDRX based on the paging monitoring cycle of T agreed in RAN2.
3 Conclusion
Proposal 1: RAN4 to define RedCap RRM requirement with eDRX for both FR1 and FR2.
Proposal 2: Use LTE eDRX requirements approach as baseline when developing requirements for NR eDRX with PTW:
· For serving cell, the evaluation time of should be within a single PTW;
· For intra-frequency/inter-frequency/inter-RAT EUTRAN measurement, the Tmeasure / Tevaluate for intra-frequency/inter-frequency/inter-RAT EUTRAN should be within a single PTW window, while the Tdetect could across multiple PTWs.
Proposal 3: For FR2 eDRX requirements:
· N1=3 for UE configured with eDRX_IDLE cycle no longer than 10.24s, e.g. 10.24s, 5.12s, 2.56s;
· Keep the legacy N1 value of FR2 for UE configured with eDRX_IDLE cycle larger than 10.24s.
Proposal 4: For RRC_IDLE RedCap UE, Nserv for UE operating with eDRX_IDLE cycle could be specified as Table 1 and Table 2. 
Table 1: Nserv for UE configured with eDRX_IDLE cycle for FR1
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Nserv [number of DRX or eDRX cycles Note 3]

	2.56
	N/A
	N/A
	2

	5.12
	N/A
	N/A
	2

	10.24
	N/A
	N/A
	2

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥1.28 (1)
	M1*2

	
	0.64
	≥1.28 (1)
	M1*2

	
	1.28
	≥2.56 (2)
	2

	
	2.56
	≥5.12 (4)
	2



Table 2: Nserv for UE configured with eDRX_IDLE cycle for FR2
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling Factor (N1)
	Nserv [number of DRX or eDRX cycle]

	2.56
	N/A
	N/A
	3
	N1*2

	5.12
	N/A
	N/A
	
	N1*2

	10.24
	N/A
	N/A
	
	N1*2

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥5.12 (4)
	8
	M1*N1*2

	
	0.64
	≥6.4 (5)
	5
	M1*N1*2

	
	1.28
	≥10.24 (8)
	4
	N1*2

	
	2.56
	≥15.36 (12)
	3
	N1*2


Proposal 5: For RRC_IDLE RedCap UE, the requirements for intra-frequency NR cells measurements for UE configured with eDRX_IDLE cycle could be specified as Table 3 and Table 4. 
Table 3: Nserv for UE configured with eDRX_IDLE cycle for FR1
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,EUTRAN_Intra [s] (number of DRX or eDRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX or eDRX cycles Note 3)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX or eDRX cycles Note 3)

	2.56
	N/A
	N/A
	58.88 (23)
	2.56 (1)
	5.12 (2)

	5.12
	N/A
	N/A
	117.76 (23)
	5.12 (1)
	10.24 (2)

	10.24
	N/A
	N/A
	235.52 (23)
	10.24 (1)
	20.48 (2)

	20.48 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
	
 (23)
	0.32 x M2 (1 x M2)
	0.64 x M2 (2 x M2)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

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



Table 4: Nserv for UE configured with eDRX_IDLE cycle for FR2
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling
factor
(N1)
	Tdetect,EUTRAN_Intra [s] (number of DRX or eDRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX or eDRX cycles Note 3)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX or eDRX cycles Note 3)

	2.56
	N/A
	N/A
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	5.12 x N1 (2 x N1)

	5.12
	N/A
	N/A
	
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	N/A
	N/A
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (2 x N1)

	20.48 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥5.12 (4)
	8
	
 x N1 (23 x N1)
	0.32 x N1 x M2 (1 x N1 x M2)
	0.64 x N1 x M2 (2 x N1 x M2)

	
	0.64
	≥6.4 (5)
	5
	
	0.64 x N1 (1 x N1)
	1.28 x N1 (2 x N1)

	
	1.28
	≥10.24 (8)
	4
	
	1.28 x N1 (1 x N1)
	2.56 x N1 (2 x N1)

	
	2.56
	≥15.36 (12)
	3
	
	2.56 x N1 (1 x N1)
	5.12 x N1 (2 x N1)


Proposal 6: For RRC_IDLE RedCap UE, the requirements for inter-frequency NR and inter-RAT EUTRAN for UE configured with eDRX_IDLE cycle could be specified in the similar way as intra-frequency. 
Proposal 7: RAN4 to take the sample number of eDRX requirements for idle mode as baseline for inactive mode.
[bookmark: _GoBack]Proposal 8: RAN4 to define the measurement requirements for inactive mode UE configured with eDRX based on the paging monitoring cycle of T agreed in RAN2.
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