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1 	Introduction
In the RAN4 #AH1807 meeting, a way forward about collision between paging occasion and SSB on IDLE mode is agreed [1]. 
	1. RAN4 to study the impact of restricting UE to not drop any paging due to SSB-based measurements regardless of whether paging occasion (PO) is TDM or FDM wrt the SSB location.
2. The RRM measurement requirements in RRC idle/inactive states may be impacted due to paging reception depending on at least the following parameters:
a. DRX cycle length
b. SMTC period
3. The RRM measurement requirements in RRC idle/inactive states may be impacted under the following scenario:
a. When PO is FDM wrt SSB in FR2
b. When PO is TDM wrt SSB in FR1
c. When PO is TDM wrt SSB in FR2 
4. Investigate until the next meeting (RAN4#88) how to address collisions, e.g.:
a. Maximum DRX cycle length up to which the measurement times in RRC idle/inactive states need to be extended by certain scaling factor (X1, X2, X3)
b. The value of the scaling factor, X1 for serving cell measurements and Nserv, X2 for intra-frequency measurements, X3 for inter-frequency measurements.
i. Note: It is FFS whether values of X1, X2 and X3 are different or the same.
c. SMTC period threshold above which the measurement times in RRC idle/inactive states need to be extended.


 In this paper, we will continue discussing the IDLE mode requirement based on the newest way forward.
2 IDLE State Discussion
In LTE IDLE mode, because CRS is always transmitted, intra-frequency/inter-frequencies can be measured at any time. It could approximately believe that only one wake up is needed in one DRX cycle. Come back to NR IDLE mode, UE needs to wake up twice or even four times to monitor paging, measure serving cell, inter-frequency and inter-RAT in each DRX cycle when SMTC periodicity is too large. An example is given in Figure 1 with DRX cycle 640ms and SMTC periodicity 160ms. UE has to wake up 2 or 3 times in one DRX cycle. The power consumption far exceeds LTE IDLE mode. 


[bookmark: _Ref513577048]Figure 1. An example of serving cell SMTC collision with inter-frequencies when SSB is FDMed with paging
(DRX cycle = 640ms, SMTC periodicity= 160ms). Paging is monitored each DRX cycle in Red color; serving cell is measured each DRX cycle in Yellow color; higher priority frequency layer 1 is monitored each 2 DRX cycle in Green color.
[bookmark: _Ref517360933]Observation 1: The IDLE mode power consumption is less competitive when SMTC periodicity is too large and DRX640ms.
Furthermore, it is found that UE has no possibility to measure collision inter-frequency layers when DRX cycle = 320ms and serving cell’s SMTC periodicity = 160ms in the case of FDM-ed SSB and PO. The UE needs to monitor paging at every DRX On duration and measure the serving cell also once in every DRX Off duration. In this case, once there are some inter-frequency layers still need to be monitored and their SMTCs are collision with serving cell’s SMTC, the UE can’t find the suitable SSB time location to measure inter-frequencies, as illustrated by frequency layers 1 and 2 in Figure 2. The measurement opportunity is reduced in this FDM case.


[bookmark: _Ref513576508]Figure 2. An example of serving cell SMTC collision with inter-frequencies when SSB is FDMed with paging(DRX cycle = 320ms, SMTC periodicity= 160ms). Paging is monitored each DRX cycle in Red color; serving cell is measured each DRX cycle in Yellow color.
[bookmark: _Ref517360949]Observation 2: When DRX cycle = 320ms and serving cell’s SMTC periodicity = 160ms, UE has no chance to measure any inter-frequency layer once their SMTCs are collision with serving cell’s SMTC in FDM mode.
Serving Cell Measurement Relaxation
To address above issues about power consumption as well as the reduced measurement opportunity in FDMed SSB and PO, one possible solution is to reduce the frequency of serving cell measurement from at least every DRX cycle to at least every 2 DRX cycles in this scenario. After that, the UE can utilize another SSB occasion in each two DRX cycles to measure inter-frequency shown in the figure below.


Figure 3. An example of relaxing serving cell measurement periodicity when serving cell SMTC is colliding with inter-frequencies and SSB is FDMed with paging (DRX = 320ms, SMTC = 160ms). Paging is monitored each DRX cycle in Red color; serving cell is measured each DRX cycle in Yellow color; higher priority frequency layer 1 is monitored each 2 DRX cycle in Green color.
[bookmark: _GoBack]Based on the newest way forward, it should use a SMTC periodicity threshold to determine which measurement times in RRC idle/inactive states need to be extended. In our view, it’s better to use default SMTC periodicity 20ms in initial access as a threshold to decide whether to relax the requirement for power consumption.
[bookmark: _Ref521415595]Proposal 1: The SMTC periodicity threshold for extend the measurement requirement is 20ms as the default SMTC periodicity in initial access.
[bookmark: _Ref517361022]Proposal 2: Relax the serving cell measurement periodicity by factor of 2 in the requirement when SMTC periodicity is larger than [20]ms.
Intra-frequency/Inter-frequency Relaxation
In CONNECTED mode RLM, RAN4 has agreed to extend the evaluation period by factor of 1.5 only for DRX cycle320ms to address the power consumption issue. In [2], it has been suggested to re-use the same principle in CONNECTED mode RLM to intra-frequency/inter-frequency measurements in IDLE mode. However, compared to CONNECTED mode, power consumption should be more important in IDLE mode which is the reason why DRX periodicity is at least 320ms in IDLE mode. From our analysis above, it could be found that UE’s power consumption will have more pressure when DRX equal or less than 640ms compared with legacy LTE. 
[bookmark: _Ref521415600]Proposal 3: The intra-frequency, inter-frequency measurement requirement should be extended by factor of 1.5 in the requirement when SMTC periodicity is larger than [20]ms and DRX640ms.
3 IDLE State Requirement
Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS38.304 for the serving cell at least every DRX cycle.
The serving cell shall be measured at least every two DRX cycles when SMTC periodicity is larger than [20]ms. So we propose the paragraph of TS 38.133 section 4.2.2 can be modified as
[bookmark: _Ref513565197]Proposal 4: When SMTC periodicity is larger than [20]ms , the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion for the serving cell at least every 2 DRX cycles. Otherwise, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion for the serving cell at least every DRX cycle. 
In the meantime, we think the values of Nserv also needs to be revised accordingly. The intention is to guarantee UE can have sufficient samples in each evaluation period. This is provided in the table below. 
[bookmark: _Ref513565201]Proposal 5: The evaluated Nserv consecutive DRX cycles should be enlarged to guarantee UE can have sufficient samples in each evaluation period when SMTC periodicity is larger than [20]ms.
	DRX cycle length [s]
	Nserv [number of DRX cycles] 

	
	SMTC periodicity is larger than [20]ms
	Otherwise

	0.32
	[]
	[]

	0.64
	[]
	[]

	1.28
	[]
	[]

	2.56
	[]
	[]



Measurements of intra-frequency/inter-frequency NR cells
The UE shall be able to evaluate whether a newly detectable intra-frequency/inter-frequency cell meets the reselection criteria defined in TS38.304 within Tdetect,NR_Intra /Tdetect,NR_Inter when that Treselection= 0 .
For an intra-frequency/inter-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency/inter-frequency cell has met reselection criterion defined [1] within Tevaluate,NR_Intra/Tevaluate,NR_Inter when Treselection = 0 as specified in table below provided that the cell is at least [3]dB better ranked.
[bookmark: _Ref521415608]Proposal 6: When SMTC periodicity is larger than [20]ms and DRX640ms, the scaling factor K1 of Tdetect,NR_Intra ,Tevaluate,NR_Intra, Tdetect,NR_Inter ,Tevaluate,NR_Inter would be [1.5]. 
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	11.52 x K1 x N1 
(36 x K1 x N1)
	1.28 x N1 
(4 x N1)
	5.12 x K1 x N1 
(16 x K1 x N1)

	0.64
	17.92 x K1 x N1 
(28 x K1 x N1)
	1.28 x N1 
(2 x N1)
	5.12 x K1 x N1 
(8 x K1 x N1)

	1.28
	32 x N1 
(25 x N1)
	1.28 x N1 
(1 x N1)
	6.4 x N1 
(5 x N1)

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

	Note1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note 2:   K1=[1.5] when SMTC periodicity is larger than [20]ms 



	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter
[s] (number of DRX cycles)

	0.32
	11.52 x K1 x N1 
(36 x K1 x N1)
	1.28 x N1 
(4 x N1)
	5.12 x K1 x N1 
(16 x K1 x N1)

	0.64
	17.92 x K1 x N1 
(28 x K1 x N1)
	1.28 x N1 
(2 x N1)
	5.12 x K1 x N1 
(8 x K1 x N1)

	1.28
	32 x N1 
(25 x N1)
	1.28 x N1 
(1 x N1)
	6.4 x N1 
(5 x N1)

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

	Note1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note 2:   K1=[1.5] when SMTC periodicity is larger than [20]ms 



4 Summary
In this paper, we propose the IDLE state mobility discussion for SA NR.
Observation 1: The IDLE mode power consumption is less competitive when SMTC periodicity is too large and DRX640ms.
Observation 2: When DRX cycle = 320ms and serving cell’s SMTC periodicity = 160ms, UE has no chance to measure any inter-frequency layer once their SMTCs are collision with serving cell’s SMTC in FDM mode.
Proposal 1: The SMTC periodicity threshold for extend the measurement requirement is 20ms as the default SMTC periodicity in initial access.
Proposal 2: Relax the serving cell measurement periodicity by factor of 2 in the requirement when SMTC periodicity is larger than [20]ms.
Proposal 3: The intra-frequency, inter-frequency measurement requirement should be extended by factor of 1.5 in the requirement when SMTC periodicity is larger than [20]ms and DRX640ms.
Proposal 4: When SMTC periodicity is larger than [20]ms , the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion for the serving cell at least every 2 DRX cycles. Otherwise, the UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion for the serving cell at least every DRX cycle.
Proposal 5: The evaluated Nserv consecutive DRX cycles should be enlarged to guarantee UE can have sufficient samples in each evaluation period when SMTC periodicity is larger than [20]ms.
	DRX cycle length [s]
	Nserv [number of DRX cycles] 

	
	SMTC periodicity is larger than [20]ms
	Otherwise

	0.32
	[]
	[]

	0.64
	[]
	[]

	1.28
	[]
	[]

	2.56
	[]
	[]


Proposal 6: When SMTC periodicity is larger than [20]ms and DRX640ms, the scaling factor K1 of Tdetect,NR_Intra ,Tevaluate,NR_Intra, Tdetect,NR_Inter ,Tevaluate,NR_Inter would be [1.5].
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	0.32
	11.52 x K1 x N1 
(36 x K1 x N1)
	1.28 x N1 
(4 x N1)
	5.12 x K1 x N1 
(16 x K1 x N1)

	0.64
	17.92 x K1 x N1 
(28 x K1 x N1)
	1.28 x N1 
(2 x N1)
	5.12 x K1 x N1 
(8 x K1 x N1)

	1.28
	32 x N1 
(25 x N1)
	1.28 x N1 
(1 x N1)
	6.4 x N1 
(5 x N1)

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

	Note1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note 2:   K1=[1.5] when SMTC periodicity is larger than [20]ms 



	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter
[s] (number of DRX cycles)

	0.32
	11.52 x K1 x N1 
(36 x K1 x N1)
	1.28 x N1 
(4 x N1)
	5.12 x K1 x N1 
(16 x K1 x N1)

	0.64
	17.92 x K1 x N1 
(28 x K1 x N1)
	1.28 x N1 
(2 x N1)
	5.12 x K1 x N1 
(8 x K1 x N1)

	1.28
	32 x N1 
(25 x N1)
	1.28 x N1 
(1 x N1)
	6.4 x N1 
(5 x N1)

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

	Note1:	N1=[TBD] for frequency range FR2, and N1=1 for frequency range FR1.
Note 2:   K1=[1.5] when SMTC periodicity is larger than [20]ms 
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