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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]. RAN4 has also received a LS from RAN2 containing the higher layer agreements in [2]. In this contribution, we continue the discussions based on these agreements and provide our further view on technail details of eDRX requirements. 
2. Discussions

eDRX requirements for FR2
At last meeting it was agreed to define eDRX requirements for FR1 while FR2 requirements are FFS [1]. The concern raised for FR2 eDRX requirements is that the UE may not be able to evaluate the serving cell in Nserv consecutive DRX cycles within a single PTW since FR2 applies a scaling factor N1 and the PTW length might be quite long compared to the inactive/idle period [3]. In [3], two different options were identified to address this concern:
i) Divide the time needed for Nserv to multiple PTWs
ii) Extend the PTW duration to allow Nserv to be completed within a single PTW 

It shall be noted that PTW applies for eDRX cycles: 20.48 sec ≤ eDRX_IDLE cycle length ≤ 10485.76 sec and there is no PTW for eDRX cycles lengths < 20.48 sec. Our view is to follow the LTE rule that the serving cell is evaluated using multiple DRX cycles within a single PTW. According to current serving cell evaluation requitements in Table 4.2.2.2-1 in [4], the number of DRX cycles needed for Nserv decreases with the DRX cycle length. This means, for certain combination of DRX cycle lengths and eDRX cycle lengths the PTW length may become similar to the eDRX cycle length which makes eDRX less power efficient. However, it is important to note that eDRX cycles are configured by the gNB and it may vary up to 10485.76 seconds and for other combinations of DRX cycles and eDRX cycle lengths PTW can be shorter than eDRX cycle and eDRX can be power efficient. Therefore, we see advantage in defining eDRX requirements with PTW for FR2. 
Proposal #1: RAN4 to define eDRX requirements for FR2.

It is observed from Table 4.2.2.2-1 that the current requirements are related to different scaling factors such as N1 and M2 which in turn depend on frequency range of operation, UE power class and SMTC periodicity. The serving cell evaluation requirements when configured with eDRX should follow similar behaviour, i.e. eDRX measurement requirements are defined in terms of PTW where PTW length is related to scaling factors N1 and M2. Therefore the FR2 eDRX requirements should be specified in a separate table. 
Proposal #2: FR2 eDRX requirements are defined in a separate separate table. 

More specifically, Nserv can be determined based on the minimum number of DRX cycles needed for serving cell evaluation for the longest DRX cycle (2.56 sec) within a single PTW which is 2 in current requirements. This number should be then scaled with the corresponding scaling factor N1 which varies with DRX cycle length in FR2. In addition, PTW may also depend on the SMTC periodicity (e.g. SSB) and DRX cycle length. For example, when SMTC periodicity is long (e.g. > 320 ms), then a longer measurement time is needed compared to when a short SMTC periodicity is used.  

Proposal #3: PTW length for serving cell evaluation requirements are determined based on:
· Number of DRX cycles needed for a measurement
· Beam sweeping scaling factor (N1)Reference signal periodicity i.e. SMTC period
· Minimum DRX cycle length


The eDRX requirements can be divided into two groups:
i) eDRX cycles up to 10.24 sec without using PTW and PH
ii) eDRX cycles from 10.24 sec to 10485.76 sec using PTW and PH

For ii) the requirements can be defined assuming two ranges of eDRX cycle lengths as follows:
· 20.48 sec ≤ eDRX_IDLE cycle length ≤ T1
· T1 sec ≤ eDRX_IDLE cycle length ≤ 10485.76 sec, where the value of T1 can be [2621.44] seconds.

The motivation for splitting into two ranges is that the PTW may be different for FR2 due to that in relatively short eDRX cycle length PTW may have a relevance while in very long eDRX cycle length it might be negligible.
Proposal #4: eDRX requirements with PTW are split into two ranges as follows:
· 20.48 sec ≤ eDRX_IDLE cycle length ≤ T1
· T1 sec ≤ eDRX_IDLE cycle length ≤ 10485.76 sec, 
· Option 1: T1 = 2621.44 sec


Transition requirements between different states
In [5] transition requirements between different states were proposed, where the states are related to:
· UE being configured with eDRX, 
· UE being configured with eDRX_IDLE cycle, 
· changing eDRX_IDLE cycle length, 
· changing PTW configuration. 

It is noted that such transition requirements exist also in LTE eDRX requirements where the UE is required to meet the transition requirements which is the less stringent requirement of the two requirements corresponding to the first- and second states during the transition time interval.
Proposal #5: RAN4 to reuse the eDRX transition requirements from LTE where the UE is required to meet the transition requirements which is less stringent requirement of the two requirements corresponding to the first- and second states during the transition time interval.

Serving cell evaluation
Nserv can be derived based on the minimum number of DRX cycles needed for serving cell evaluation for the longest DRX cycle in current Table 1 (which is 2) scaled with the beam sweeping scaling factor (N1 that depends on UE power class) as shown below:
Nserv = 2 * N1
PTW can be derived as follows for the eDRX cycle lengths 20.48 s ≤ eDRX_IDLE cycle length ≤ 10485.76 s:
PTW = (*DRX_cycle length*N1)/Tmin* Tmin
where 
·  corresponds to the number of DRX cycles needed for measurement on the serving cell which are 4, 4, 2 and 2 according to Table 4.2.2.1-2 in TS 36.133.
· Tmin is the number of 1.28s periods in which PTW is expressed, 1.28 s as in LTE. 

N1 is an important factor in FR2 IDLE mode. Considering UE having more power saving in eDRX, we suggest to use a short N1 in eDRX design instead of legacy N1 in DRX mode. For example, N1=2 in eDRX and applied for all the UE power classes.
Proposal #6: N1=2 in eDRX and applied for all the UE’s power class.
At last meeting most companies had an aligned view to reuse the eDRX requireemetns from LTE as baseline. However, there is an important difference to note between LTE and NR which is that the reference signals (RS) are always 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 length of PTW should be based on configured SMTC periocicity instead of DRX cycle in legacy eDRX design. More specifically, the PTW can be longer when SMTC is transmitted more sparesly compared to frequent SMTC transmission (e.g. every 10 ms). 
Observation #1: UE can wake up N1 times to perform measurements based on SMTC periodicity in each DRX cycle.
Proposal #7: In NR PTW design, the length of PTW should be based on SMTC periodicity instead of DRX cycle.
For the shorter eDRX cycle lengths (2.56 s, 5.12 s and 10.24 s) it shall be clarified that the UE evaluates the serving cell without PTW every eDRX cycle length. The maximum eDRX length in INACTIVE state is 10.24 seconds and this implies the eDRX requirements without PTW shall be applied in INACTIVE state. 
Based on the above formula, the serving cell evaluation requirements can be defined as shown in Table 1. 
Proposal #8: Serving cell evaluation requirements are defined as shown in Table 1 and 2 for FR1 and FR2 respectively.


Table 1: Nserv for UE configured with eDRX_IDLE cycle for FR1
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length [s] (number of 1.28s periods)
	Nserv [number of DRX cycles or eDRX cycles]

	2.56, 5.12, 10.24
	N/A
	N/A
	2

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

	
	0.64
	≥ M1*2.56 (2*M1)
	

	
	1.28
	≥ 2,56 (2)
	

	
	2.56
	≥ 5.12 (4)
	



Table 2: Nserv for UE configured with eDRX_IDLE cycle for FR2
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length Note1 [s] 
	FR2 Scaling Factor N1 
	Nserv [number of DRX cycles or eDRX cycles Note2]

	2.56, 5.12, 10.24
	N/A
	N/A
	2
	N1*2*eDRX cycle length

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 2.56
	2
	2

	
	0.64
	≥ 5.12
	2
	2

	
	1.28
	≥ 5.12
	2
	2

	
	2.56
	≥ 10.24
	2
	2

	Note 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.
Note 2: Number of eDRX cycles when eDRX_IDLE cycle length equals 5.12s, number of DRX cycles otherwise.



Proposal #9: Serving cell evaluation equirements in INACTIVE state are defined as in Table 3 and Table 4 for FR1 and FR2 respectively.
Table 3: Nserv for UE configured with eDRX in INACTIVE state for FR1
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length [s] 
	Nserv [number of DRX cycles or eDRX cycles]

	2.56, 5.12, 10.24
	N/A
	N/A
	2



Table 4: Nserv for UE configured with eDRX in INACTIVE state for FR2
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length Note1 [s] 
	FR2 Scaling Factor N1 
	Nserv [number of DRX cycles or eDRX cycles Note2]

	2.56, 5.12, 10.24
	N/A
	N/A
	2
	N1*2*eDRX cycle length

	Note 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.
Note 2: Number of eDRX cycles when eDRX_IDLE cycle length equals 2.56, 5.12 and 10.24 sec, number of DRX cycles otherwise.




Assumptions on measurements on eDRX with PTW
Regarding the open issues related to the measurement assumptions on during PTW [1]:
	Open issues:
· Option 1: When eDRX is configured for Redcap, the assumption that all measurements are performed within PTW of an eDRX cycle in LTE, can still be reused for NR (Eric vivo) 
· Option 1a: When eDRX is used, the number of samples needed for Nserv in 5G NR (measured in DRX cycles) must be achieved in a single PTW.(MTK)
· Option 2: FFS (Apple QC xiaomi OPPO Huawei)



We support the option 1 which is to follow the LTE design where all measurements are performed within the PTW. 
Proposal #10: The assumption that all measurements are performed within PTW of an eDRX cycle as in LTE is reused for NR.

Cell reselection requirements for RedCap UE with eDRX cycle (intra- and inter-frequency)
The intra-frequency and inter-frequency neighbour cell measurement requirements under eDRX can be defined as follows:

Proposal #11: Intra-frequency and inter-frequency neighbour cell measurement requirements for UE configured with eDRX are defined as shown in Table 5 for FR1.

Table 5: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with eDRX_IDLE cycle for FR1
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length (TPTW) [s]
	Scaling Factor (K1) for TSMTC,k
	Measurement time (s) for TSMTC k

	
	
	TSMTC ≤ H1
	TSMTC>H1
	TSMTC ≤20 ms
	TSMTC>20 ms
	Tdetect (s)
	Tmeasure (s)
	Tevaluate (s)

	2.56, 5.12, 10.24
	N/A
	N/A
	N/A
	N/A
	N/A
	23 x eDRX cycle length 
	1 x eDRX cycle length
	2 x eDRX cycle length

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥K1*1.28
	≥1.5*K1*1.28
	1
	1.5
	NOTE1
	0.32* K1*1
	0.32* K1*2

	
	0.64
	≥2*K1*1.28
	≥3*K1*1.28
	1
	1.5
	NOTE1
	0.64* K1*1
	0.64* K1*2

	
	1.28
	≥2*K1*1.28
	≥2*K1*1.28
	1
	1
	NOTE1
	1.28* K1*1
	1.28* K1*2

	
	2.56
	≥4*K1*1.28
	≥4*K1*1.28
	1
	1
	NOTE1
	2.56* K1*1
	2.56* K1*2

	NOTE 1:  eDRX_cycle length * (( K1*23)/TPTW /DRX_cycle length )



Proposal #12: Intra-frequency and inter-frequency neighbour cell measurement requirements for UE configured with eDRX are defined as shown in Table 6 for FR2.

Table 6: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with eDRX_IDLE cycle for FR2
	eDRX cycle length [s]
	DRX cycle length (Tdrx) [s]
	PTW length (TPTW) [s]
	Scaling Factor (K1) for TSMTC,k
	Measurement time (s) for TSMTC k

	
	
	TSMTC ≤ H1
	TSMTC>H1
	TSMTC ≤20 ms
	TSMTC>20 ms
	Tdetect (s)
	Tmeasure (s)
	Tevaluate (s)

	2.56, 5.12, 10.24
	N/A
	N/A
	N/A
	N/A
	N/A
	23 x eDRX cycle length 
	1 x eDRX cycle length 
	2 x eDRX cycle length 

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥4*K1*1.28
	≥6*K1*1.28
	1
	1.5
	NOTE1
	0.32 * K1*1
	0.32 * K1*2

	
	0.64
	≥4*K1*1.28
	≥6*K1*1.28
	1
	1.5
	NOTE1
	0.64 * K1*1
	0.64 * K1*2

	
	1.28
	≥4*K1*1.28
	≥4*K1*1.28
	1
	1
	NOTE1
	1.28 * K1*1
	1.28 * K1*2

	
	2.56
	≥8*K1*1.28
	≥8*K1*1.28
	1
	1
	NOTE1
	2.56 * K1*1
	2.56 * K1*2

	NOTE 1:  eDRX_cycle length * (( K1*23)/TPTW /DRX_cycle length )
NOTE 2: N1=2 in eDRX and applied for all the UE’s power class.



Mismatch between configured PTW and detected PTW:
eDRX configuration parameters are negotiated between UE and the network via higher layer signaling which may comprise eDRX cycle length; paging time window (PTW), hyper system frame number (H-SFN), paging H-SFN (PH) etc.  The boundaries of the eDRX acquisition period are determined by H-SFN values for which H-SFN mod X1=0 e.g. X1=256. The UE is further The UE is configured with PTW by the network, and the beginning of the PTW is calculated by a pre-defined formula. 
Within a PTW, the UE is further configured with a legacy DRX. There can be cases where there is a mismatch between the configured PTW and calculated PTW using the formula. In this case, the requirements should be clear. There could be different options in this case; i) UE meets the requirements based on the configured PTW, ii) UE meets the requirements based on the calculated PTW, iii) UE is not required to meet the eDRX requirements.
Proposal #13: RAN4 to discuss the requirements when there is a mismatch between the configured PTW and calculated PTW:
· Option 1: UE meets the requirements based on the configured PTW
· Option 2: UE meets the requirements based on the calculated PTW
· Option 3: UE is not required to meet the eDRX requirements



2. 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:
Proposal #1: RAN4 to define eDRX requirements for FR2.
Proposal #2: FR2 eDRX requirements are defined in a separate separate table. 
Proposal #3: PTW length for serving cell evaluation requirements are determined based on:
· Number of DRX cycles needed for a measurement
· Beam sweeping scaling factor (N1)Reference signal periodicity i.e. SMTC period
· Minimum DRX cycle length

Proposal #4: eDRX requirements with PTW are split into two ranges as follows:
· 20.48 sec ≤ eDRX_IDLE cycle length ≤ T1
· T1 sec ≤ eDRX_IDLE cycle length ≤ 10485.76 sec, 
· Option 1: T1 = 2621.44 sec

Proposal #5: RAN4 to reuse the eDRX transition requirements from LTE where the UE is required to meet the transition requirements which is less stringent requirement of the two requirements corresponding to the first- and second states during the transition time interval.
Proposal #6: N1=2 in eDRX and applied for all the UE’s power class.
Observation #1: UE can wake up N1 times to perform measurements based on SMTC periodicity in each DRX cycle.
Proposal #7: In NR PTW design, the length of PTW should be based on SMTC periodicity instead of DRX cycle.
Proposal #8: Serving cell evaluation requirements are defined as shown in Table 1 and 2 for FR1 and FR2 respectively.
Proposal #9: Serving cell evaluation equirements in INACTIVE state are defined as in Table 3 and Table 4 for FR1 and FR2 respectively.
Proposal #10: The assumption that all measurements are performed within PTW of an eDRX cycle as in LTE is reused for NR.
Proposal #11: Intra-frequency and inter-frequency neighbour cell measurement requirements for UE configured with eDRX are defined as shown in Table 5 for FR1.
Proposal #12: Intra-frequency and inter-frequency neighbour cell measurement requirements for UE configured with eDRX are defined as shown in Table 6 for FR2.
Proposal #13: RAN4 to discuss the requirements when there is a mismatch between the configured PTW and calculated PTW:
· Option 1: UE meets the requirements based on the configured PTW
· Option 2: UE meets the requirements based on the calculated PTW
· Option 3: UE is not required to meet the eDRX requirements
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