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1 	Introduction
In the RAN2 AH 1801 meeting, the following progress on idle mode is agreed [1].  
	Agreements for idle and inactive mode:
1	Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR.
2	Cell selection criterion (S criterion) is applied to cell selection and reselection. 
3	Both RSRP and RSRQ are considered in S criterion. 
4	From RAN2 perspective compensation parameter(s) is needed to S criterion. Details can be FFS and depending on the input from RAN1/4. Send LS to RAN1/4 to identify the use cases.
5	Parameters to check S criterion is broadcasted via system information for neighbor cells and via RMSI for serving cell.
6	Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection. 
7	Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion.
8	RSRP is applied to R criterion.
9	When the highest ranked cell is not suitable, UE will not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of xxs unless if intra frequency reselection is allowed by gNB, as in as 5.2.4.4 and 5.3.1, TS36.304. The value is FFS.
10	 Dedicated and common reselection priority can be applied in idle. FFS whether the same priority for inactive mode.
11	 If dedicated reselection priority is assigned, it is used otherwise common reselection priority is applied. 
12	 Same cell reselection process as LTE is applied for inter-F/RAT with the different reselection priority. 
13	 Separate threshold to skip intra-F measurements and inter-F/RAT measurements to the same/lower reselection priority as in LTE is applied.



	Agreements:
1	Idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline.
2	The maximum idle/inactive mode DRX value in NR should be 2.56s.


In the RAN2 #101 meeting, the agreements about the idle mode PO and SSB are shown as follow. 
	Agreements
1: The length of one PO in case of beam sweeping is one period of beam sweeping 
2: The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
3: The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)
4: PO can be TDMed or FDMed with an SS block
Agreements
1 Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID


In the RAN4 #86 meeting, a CR on cell reselection in idle mode is agreed which includes the basic contents about the cell reselection spec. as follow.
	· UE measurement capability 
· Measurement and evaluation of serving cell
· Measurements of intra-frequency NR cells
· Measurements of inter-frequency NR cells


In this paper, we will discuss the idle mode RAN4 requirement based on the newest agreement.
2 Idle State Discussion
In LTE idle state, UE could receive paging data and perform CRS-based measurement at the same time within one DRX cycle. It’s better for UE’s power consumption in idle mode because UE only needs to wake up once time in one paging DRX cycle.


[bookmark: _Ref510448875]Observation 1: UE can wake up only once within one DRX cycle for PO monitoring and measurement in LTE.
In NR, according to RAN1 design, SS burst periodicity can be {5, 10, 20, 40, 80, 160} ms, and the SS burst may be transmitted in the first or second half of a radio frame (indicated in MIB). The paging cycle in NR has not yet been confirmed, but RAN2 has agreed to take the default DRX cycle parameter in LTE as baseline. Furthermore, there are possible two possible ways to multiple SSB and PO based on RAN2’s agreement:
· SSB FDMed with PO
· SSB TDMed with PO
SSB FDMed with PO

When SSB is FDMed with paging, it is expected that UE could have the chance to receive paging data with SSB at the same time to save power.
However, UE cannot use the SSB for the need of synchronization when trying to decode the paging data. When SSB periodicity is too long, SSB FDMed with paging data is different to LTE CRS which is always available at subframes right before PO. UE still needs additional wake up before PO to receive SSB for pre-synchronization.
[bookmark: _Ref510451169]Observation 2: UE needs additional wake up to monitor SSB before PO for pre-synchronization when PO FDMed with SSB.
Moreover, when SSB has the different numerology with paging data, UE still needs additional wake up time to monitor SSB before PO when UE doesn’t support mixed numerology between sync. and data. Since UE can only support one numerology at a time, UE either needs to drop the PO for SSB measurement or drop the SSB for monitoring paging data. Either way has a non-negligible impact to the mobility performance in idle mode. The same issue happens in FR2 when UE needs to perform Rx beam sweeping in each SMTC occasion. In this case, UE is not required to decode data during SMTC occasions.
[bookmark: _Ref510451171]Observation 3: For UE not supporting mixed numerology between sync and data, UE either needs to drop the PO for SSB measurement or drop the SSB for monitoring paging data when SSB are mix-numerology and FDM-ed with paging data. Degradation in idle mode mobility is expected.
[bookmark: _Ref510451173]Observation 4: Degraded mobility performance in FR2 is expected when SSB are FDM-ed with paging data.

SSB TDMed with PO
Since NR paging cycle periodicity could be configured as a multiple of SSB periodicity, in this way, we ensure that there is at least a SSB before each paging data within a SSB periodicity. 
However, if the time gap between SSB and PO is too long, 
· the paging detection had to take the aged synchronization setting, leading to increase paging miss rate.
· UE has to have wake up twice in a paging cycle. One is for DRX on duration in order to monitor paging, and the other is for SSB for the sake of pre-synchronization, AGC tuning and RRM measurement. UE power consumption may increase correspondingly. In this case, the measurement requirement had to consider some kind of relaxation for UE’s power saving in idle state. So that one possible proposal is to locate paging DCI close enough to the SS block.

 


[bookmark: _Ref510451174]Observation 5: When PO is TDMed with SSB, UE needs additional wake up for SSB if SSB does not locate closely enough with PO in time.
When SSB is tightly located with PO, UE could use only wake up once and finish both paging receiving and SSB measurement. In this scenario, the UE’s behavior is similar as legacy LTE. The measurement requirement could follow with LTE Idle mode requirement without any relaxation.


[bookmark: _Ref510451176]Observation 6: Similar as legacy LTE design, UE can wake up only once in a DRX cycle to monitor SSB and receive paging when PO is TDMed with SSB with limited time separation.
From the analysis above, it could be found that the mobility performance and measurement requirement in idle mode depend on the multiplexing between PO and SSB. In summary, FDM is not preferred because of
· Degradation on pre-synchronization performance for PO decoding.
· Degraded mobility performance for the baseline UE that does not support mix-numerology between data and sync. 
· These UEs either need to drop the paging data for SSB measurement or drop the SSB measurement for PO reception. This will result in increasing paging miss rate or enlarging measurement delay. 
· Degraded mobility performance in FR2 when UE is not required to decode data during SMTC occasions.
For TDM, it is preferred to limit the time separation between SSB and PO for UE’s power consumption.
[bookmark: _Ref510451228]Proposal 1: RAN4 to send a LS to RAN1/2 on the expected performance degradation when SSB is FDMed with PO and suggest limited time separation between SSB and PO in TDM case.
3 Idle State Requirement
Measurement and evaluation of serving cell 
In the newest CR [1], the description for serving cell measurement and evaluation is that if the UE has evaluated in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbor cells indicated by the serving cell. Obviously, current values of Nserv are not enough for FR2 cell. 
[bookmark: _Ref510451177]Observation 7: Current values of Nserv are not enough in FR2 because of Rx beam sweeping.

Measurements of intra-frequency and inter-frequency NR cells
The intra-frequency and inter-frequency NR cells’ measurement in idle state should also consider the Rx beam sweeping for FR2. The requirement definition should follow the same rule to split FR1 and FR2 requirement in intra-frequency measurements requirement in connected mode. 
[bookmark: _Ref510451181]Observation 8: The idle state measurement requirement in FR2 should be significantly enlarged because of Rx beam sweeping.
For idle mode requirements, it is desired to have long delay requirements to accommodate UE’s power consumption. However, a FR2 cell radius will be relatively smaller than those in FR1, so UE may have already leaved the serving cell in idle mode but not finished the measurement evaluation. In this case, short delay requirements seems favorable. It’s a dilemma for UE power saving in idle mode and FR2 cell’s coverage. From this reason, it’s better to split the FR1 and FR2’s requirement in idle state. RAN4 can first try to finalize FR1 requirements and at the same time continue discussing the expected mobility performance in FR2.
[bookmark: _Ref510451230]Proposal 2: RAN4 should prioritize the finalization of FR1 requirement in idle state over FR2 requirement.
Similar to LTE, for cell reselection to a neighbor cell in intra-frequency or inter-frequency, RAN4 needs to specify TDetect, TMeasure, and TEvaluate in the requirement. Considering UE’s power saving, the requirement in LTE could be reused in NR FR1.
[bookmark: _Ref510451233]Proposal 3: The intra-frequency and inter-frequency measurements requirement in LTE idle state could be reused in NR FR1. 
Table 1: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra (Frequency Range FR1)
	DRX cycle length [s]
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

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

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



Table 2: Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate, E-UTRAN_inter (Frequency Range FR1)
	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 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

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

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



4 Summary
In this paper, we propose the idle state mobility discussion for SA NR.
Observation 1: UE can wake up only once within one DRX cycle for PO monitoring and measurement in LTE.
Observation 2: UE needs additional wake up to monitor SSB before PO for pre-synchronization when PO FDMed with SSB.
Observation 3: For UE not supporting mixed numerology between sync and data, UE either needs to drop the PO for SSB measurement or drop the SSB for monitoring paging data when SSB are mix-numerology and FDM-ed with paging data. Degradation in idle mode mobility is expected.
Observation 4: Degraded mobility performance in FR2 is expected when SSB are FDM-ed with paging data.
Observation 5: When PO is TDMed with SSB, UE needs additional wake up for SSB if SSB does not locate closely enough with PO in time.
Observation 6: Similar as legacy LTE design, UE can wake up only once in a DRX cycle to monitor SSB and receive paging when PO is TDMed with SSB with limited time separation.
Observation 7: Current values of Nserv are not enough in FR2 because of Rx beam sweeping.
Observation 8: The idle state measurement requirement in FR2 should be significantly enlarged because of Rx beam sweeping.
Proposal 1: RAN4 to send a LS to RAN1/2 on the expected performance degradation when SSB is FDMed with PO and suggest limited time separation between SSB and PO in TDM case.
Proposal 2: RAN4 should prioritize the finalization of FR1 requirement in idle state over FR2 requirement.
Proposal 3: The intra-frequency and inter-frequency measurements requirement in LTE idle state could be reused in NR FR1.
Table 1: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra (Frequency Range FR1)
	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 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

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

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



Table 2: Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate, E-UTRAN_inter (Frequency Range FR1)
	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 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

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

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