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1 	Introduction
In the RAN2#102 meeting, the following progress on IDLE mode is agreed [1]. 
	Agreements for default association:
1. Adopt LTE formula (SFN mod T) = (T div N)*(UE_ID mod N) to derive a first reference point where
T: DRX cycle of the UE
nB: number of total paging occasions in T
   N: min(T, nB)
UE_ID: IMSI mod 1024
2. Add an offset to the first reference point to find the paging reference PF. The offset is configurable.
3. PO will point to the start of Coreset locations which contain paging DCI for both default association and non-default case.
4. Let Ns = max(1,nB/T). If Ns=1, PO is always the same as RMSI association. If Ns=2, PO is ether beginning of the first or second half frame and UEs are randomly assigned based on IMSI.

Agreements for non-default association:
1. Adopt the following formula to derive a first reference point which satisfies:
(SFN mod T) = (T div N)*(UE_ID mod N)
Where,
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16
N: min(T, nB)
UE_ID: IMSI mod 1024.
2. Parameters nB, length of default DRX Cycle and offset is signaled in system information.
3. Add an offset to the first reference point to find the paging reference PF. The offset is configurable


 In this paper, we will continue discussing the IDLE mode requirement based on the RAN2 newest agreement.
2 IDLE State Discussion
One of the important activities performed by UE during IDLE mode is monitoring paging message. The UE only needs to monitor paging at each DRX cycle to reduce UE’s power consumption. In LTE, UE could receive paging 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 in one paging DRX cycle.
[bookmark: _Ref510448875]Observation 1: UE can wake up only once within one DRX cycle for paging 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 will 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 whatever default association or non-default association:
· SSB FDMed with PO
· SSB TDMed with PO
2.1. SSB TDMed with PO
From UE power consumption perspective, the time gap between SSB and PO is an important factor which determines whether UE needs to wake up more than once in a DRX cycle. However, it is difficult to figure out an accurate and unified definition for the time gap between SSB and PO, because
· Flexible configurations on paging control and data. Since NR paging cycle periodicity could be configured as a multiple of SMTC periodicity, generally, we ensure that there is at least one SSB before each paging within a SMTC periodicity at most scenarios. However, we should also notice that paging control and data can be separated by SSB when paging is TDMed with SSB, as shown in Figure 1. UE can’t use current SSB occasion to re-tune paging’s AGC because paging control sometimes is located before SSB. UE must use the last SSB burst to help decode current paging control and data.


[bookmark: _Ref517295470]Figure 1. Possible paging and SSB interleaved when paging is TDMed with SSB in NR
· According to RAN2’s agreement, the same PO will be transmitted through all Tx beam directions. The exact time locations to monitor the paging control channel are different because different UEs could be synchronized to different SSBs. As a consequence, the time gaps between SSB and PO can be different for different UEs. Moreover, UE may identify multiple strong SSBs and try to decode multiple QCL-ed POs in order to minimize the paging missing rate. This further makes the calculation of time gap between SSB and PO difficult.
· RAN1 still hasn’t finalized the mapping of PO to physical time location slot(s).
 
[bookmark: _Ref517360914]Observation 2: The time gap between PO and SSB is an important factor for UE power consumption in IDLE mode.
[bookmark: _Ref517360918]Observation 3: It is difficult to define an accurate time gap between SSB and PO based on newest RAN1 and RAN2’s agreement.
To speed up RAN4’s requirement, the SSB/PO time gap could be defined through the SMTC periodicity which is the upper bound for the accurate distance between PO and SSB. 
[bookmark: _Ref517361008]Proposal 1: RAN4 could use SMTC periodicity as the upper bound time gap between SSB and PO in TDM to discuss how to relax the requirement. 
So it depends on SMTC periodicity to decide whether to relax the requirement when SSB is TDMed with PO.
SMTC periodicity is shorter 
When PO is closely located after SSB, UE could only wake up once and finish both SSB measurement and paging receiving. 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.
SMTC periodicity is larger 
It could be found that a PO offset has introduced to make PO is not far away with SSBs in RAN2‘s design, but it still depends on network’s configuration. So it’s still possible that the time gap between SSB and PO is too long, and 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. 


Figure 2. Possible Paging and SSB time-frequency structure in NR
[bookmark: _Ref517360922]Observation 4: UE had to wake up additionally for pre-synchronization, AGC tuning and RRM measurement. More power consumption is expected when SSB is TDM-ed with paging data and SSB has a long time gap with paging.
2.2. SSB FDMed with PO


Figure 3. Possible Paging and SSB time-frequency structure in NR
Mix-Numerology and Rx beam sweeping
When SSB has the different numerology with paging data, UE still needs additional wake up time to monitor SSB before PO, if UE doesn’t support simultaneousRxDataSSB-DiffNumerology. 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. 
As according to current TS38.213, FDM-ed PO and SSB is only used for FR2. In FR2, UE may need to try different Rx beam direction for measurement at different SMTC occasion. Therefore, when PO and SSB are FDM-ed, we see some non-negligible impact to the mobility performance in IDLE mode.
[bookmark: _Ref510451173]Observation 5: Degraded mobility performance is expected when SSB and paging are FDM-ed with the same or different numerology.
Considering UE can’t use the current SSB to help decode the paging, the UE should use last SSB to help decode current paging. In this case, we can simply assume the time gap between SSB and PO is SMTC periodicity, if we follow the argument in previous section. Therefore, we could use the same concept about the time gap between PO and SSB to evaluate how to relax the requirement when SSB is FDMed with PO.
[bookmark: _Ref517361011]Proposal 2: RAN4 could use SMTC periodicity as the time gap between SSB and PO in FDM to discuss how to relax the requirement.
2.3. Common Issues in Idle State
The requirement should also consider the case when intra-frequency SMTC collides in time domain with inter-frequencies’ SMTCs. In NR, RAN2 [R2-1801544] has agreed that same cell reselection process as LTE is applied for inter-frequency/RAT with the different reselection priority. That means UE should always execute inter-frequency measurement based on absolute priorities of different NR frequencies even if inter-frequencies’ SMTCs collide with intra-frequency SMTC. At the same time, 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 LTE IDLE mode, because CRS is always transmitted, 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 each DRX cycle when SMTC periodicity is too large. An example is given in Figure 4 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 4. 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 6: The IDLE mode power consumption is less competitive when SMTC periodicity is too large.
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 5. The measurement opportunity is reduced in this FDM case.


[bookmark: _Ref513576508]Figure 5. 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 7: 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.
2.4. Solution
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 Tmeasure,NR_Serving (equals 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 6. 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.
Furthermore, it should also relax serving cell measurement periodicity when SMTC periodicity is larger than [20]ms for power saving. 
[bookmark: _Ref517361022]Proposal 3: Relax the serving cell measurement periodicity in the requirement when SMTC periodicity is larger than [20]ms.
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 38.304 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 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
	[]
	[]



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 paging monitoring and measurement in LTE.
Observation 2: The time gap between PO and SSB is an important factor for UE power consumption in IDLE mode.
Observation 3: It is difficult to define an accurate time gap between SSB and PO based on newest RAN1 and RAN2’s agreement.
Observation 4: UE had to wake up additionally for pre-synchronization, AGC tuning and RRM measurement. More power consumption is expected when SSB is TDM-ed with paging data and SSB has a long time gap with paging.
Observation 5: Degraded mobility performance is expected when SSB and paging are FDM-ed with the same or different numerology.
Observation 6: The IDLE mode power consumption is less competitive when SMTC periodicity is too large.
Observation 7: 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: RAN4 could use SMTC periodicity as the upper bound time gap between SSB and PO in TDM to discuss how to relax the requirement.
Proposal 2: RAN4 could use SMTC periodicity as the time gap between SSB and PO in FDM to discuss how to relax the requirement.
Proposal 3: Relax the serving cell measurement periodicity in the requirement when SMTC periodicity is larger than [20]ms.
[bookmark: _GoBack]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
	[]
	[]
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