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Introduction
For Rel-17 paging enhancement, the summary is for discussing the following two aspects:
· Evaluation Assumption
· Potential Page Enhancements

To facilitate the decision, the following phases for email discussion are to be suggested:
· Phase I (due 20th Aug 3 am PST): Collection of companies views
· Phase II (20th Aug 11 am PST – 24th Aug 9 pm PST): Convergence on high priority proposals related to evaluation assumptions 
· Phase III (25th Aug 4 am PST – 26th Aug 7 pm PST): Convergence on remaining proposals



Evaluation Assumptions
In Rel-16, there establishes fundamental evaluation methodology in [1]. For Rel-17 UE power saving enhancements, the evaluation methodology can be reused with few updates for better characterizing idle/inactive mode UEs. It is also noticed that Reduced Capability NR Devices should also be taken into account in Rel-17 UE power saving enhancements [2].

From companies’ contributions [3] - [24], the following updates will be discussed further:
Section 2.1. Power consumption model
Section 2.2. [bookmark: _Ref48755600]UE Processing Timeline
Section 2.3. Group Paging Rate
Section 2.4. Performance Metric

Power Consumption Model
For calculating UE power consumption, there require definition of power consumption value for each UE operation called “power state”. In [1], the power consumption values for the power states are defined with 100 MHz reference BW. On the other hand, for paging monitoring in idle/inactivity mode, it suffices for UE to receive and process a narrow frequency span covering CORESET 0 and SSB, and the typical frequency span is no larger than 20 MHz. For the same power consumption model to be applied to reduced capability UEs, scaling to 20MHz bandwidth is also necessary.

In Table 1, there summarize companies’ proposals, and 9 out of 11 companies propose to scale the reference power consumption values of 100 MHz bandwidth to 20 MHz:



[bookmark: _Ref48746779]Table 1: Companies’ proposals on power consumption model
	Company
	Proposals

	Huawei, HiSilicon [3] 
	Proposal 2: For evaluation, the power model in the following table is used, which follows the scaling rule and power model in TR38.840.
	Power state
	Relative power units

	Deep sleep
	1

	Light sleep
	20

	Micro sleep
	45

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	SSB or CSI-RS proc.
	50




	Vivo [4]
	Proposal 1: Adopt power model in Table 1 (except the power of PDCCH-only of cross-slot scheduling) for power saving evaluation in idle/inactive mode.
[bookmark: _Ref47346957]Table 1: UE power consumption model for FR1
	Power State
	Relative Power 
(system bandwidth is 100 MHz)
	Relative Power
(initial bandwidth is 20 MHz)

	Deep Sleep
	1 
(Optional: 0.5)
	1 
(Optional: 0.5)

	Light Sleep
	20
	20

	Micro sleep
	45
	45

	PDCCH-only for same-slot scheduling
	100
	max {100*0.4, 50} = 50

	PDCCH-only for cross-slot scheduling
	70
	max {70*0.4, 50} = 50

	PDCCH + PDSCH
	300
	max {300*0.4, 50} =120

	PDSCH-only
	280
	max {280*0.4, 50} =112

	SSB or 
CSI-RS proc.
	100
	max {100*0.4, 50} = 50

	Intra-frequency RRM measurement
	150 (synchronous case, N=8)
	max {150*0.4, 50} = 60

	Inter-frequency RRM measurement
	150
	max {150*0.4, 50} = 60

	[bookmark: _Ref47347019][bookmark: OLE_LINK4][bookmark: OLE_LINK3]Note 1: If the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified. BWP transition power is assumed as 50.
Note 2: Power of cross-slot scheduling is 0.7x same-slot scheduling.
Note 3: N is the number of cells for intra-frequency measurement.




	ZTE [5]
	Proposal 5: For RRC Idle/Inactive state, the power model (including the relative power for RRM measurement) can be derived by scaling down the relative power of RRC connected state. The power model in Table 1 can be considered as a starting point.
Table 1. UE power consumption model for FR1 in idle/inactive state
	Power state
	Relative power
	Note

	PDCCH-only
	50
	0.4 times of the power consumption in RRC_CONNECTED state is 40, which is less than the BWP transition power. Therefore, the BWP transition power is used.

	SSB
	50
	

	Additional RS proc.（if any）
	50
	

	PDCCH + PDSCH
	120
	0.4 times the power consumption in connected state.

	RRM measurement
	60
	In RRC_CONNECTED state, the UE power consumption for the RRM measurements is 150 when the number of cells for intra-frequency measurement equals to 8. The UE power consumption for inter-frequency measurements is also 150. Therefore, 0.4 times the power consumption in connected state is 60.

	Micro sleep
	45
	Scaling is only applied to non-sleep power states.

	Light sleep
	20
	

	Deep sleep
	1
	




	Sony [6]
	Table 1 - UE power consumption for FR1 in IDLE/INACTIVE mode
	Power state
	Relative power 
	Comment

	PDCCH only (P_RNTI)
	50 
	Scaling of X MHz: α = 0.4 + 0.6 * (X - 20) / 80 
Relative power = max(50, α.Pstate), where Pstate is power level at 100 MHz BW and BWP transition power is 50 power units. 
Substituting the following values in the above expression we find relative power corresponding to the power state in 20 MHz initial BWP. 
PPDCCH-pnly= PSSB-itra=100     PPDSCH=280
PPDCCH-PDSCH=300       PSSB-iter=150

	PDSCH (TMSI)
	112
	

	PDCCH+PDSCH (SIB1)
	120
	

	SSB burst (synchronization and serving/intra-freq RRM)
	50
	

	SSB burst (inter-freq/RAT RRM)
	60
	


No change to deep, light, and macro sleep relative power and transition times. 
Above scaling is applicable for FR1 only. In case scaling is needed for FR2, companies can report the assumed scaling factor.

	MediaTek [7]
	[bookmark: _Ref47775738]Proposal 5: For idle/inactive mode power consumption analysis, the power consumption values in Table 1 are utilized, which covers both normal capability and reduced capability UEs.

[bookmark: _Ref47729545]Table 1: Scaled power consumption values for idle/inactive mode power analysis
[image: ]

	CATT [8]
	Table 1  UE power saving modelling for FR1
	Power State
	Relative Power 

	Deep Sleep
	1 

	Light Sleep
	20

	PDCCH-only
	100

	SSB
	100
(2 SSB per slot)

	TRS/CSI-RS
	100
(Number of RBs for TRS = 52)

	Additional transition power
	Deep sleep:450;
Light sleep:100

	PDCCH + PDSCH (if CRC is true)
	300 

	PDCCH-based paging indication
	100

	Sequence-based paging indication
	100
(Assumption: Sequence-based paging indication and SSB concurrent in a same slot, the slot-averaged power is 0.85x the sum of the respective power)

	PDCCH + PDSCH (if CRC is false)
	200

	RRM intra-frequency
	150




	Samsung [14]
	Table 3: Assumption of power model with UE operation bandwidth of 20MHz
	Power state
	Relative power
	Duration /ms

	Serving cell RRM measurement, Pmes
	150
	

	Intra-frequency measurement, Pintra
	200
	

	Inter-frequency measurement, Piner
	150
	

	SSB processing, PSSB
	50
	

	PDCCH only, 
	50
	

	PDCCH + PDSCH, 
	120
	

	Sequence based I-WUS, PI-WUS,seq 
	45-50
	0.5-2

	PDCCH based I-WUS, PI-WUS,DCI
	50
	

	Micro-sleep, PMS
	45
	

	Light sleep, PLS
	20
	>=6

	Deep sleep, PDS
	1
	>=30




	CMCC [15]
	Proposal 1. The following updated parameters can be considered in the evaluation methodology in IDLE/INACTIVE state for FR1:
· 20MHz BWP bandwidth
· 0.4 scaling factor for 20MHz

	Spreadtrum [16]
	Table 1: The power model for evaluation of paging in idle mode
	Power state
	Power consumption
	Note

	Deep sleep
	1
	Not scaled with RX BW

	Light sleep
	20
	

	Micro sleep
	45
	

	PDCCH-only
	50
	Scaling to 20MHz RX BW:
Max(X∙0.4, 50), where X is power value at 100MHz

	PDCCH + PDSCH
	120
	

	SSB or CSI-RS processing
	50
	

	Deep sleep transition energy
	450
	Transition time 20ms

	Light sleep transition energy
	100
	Transition time 6ms

	Micro sleep transition energy
	0
	Transition time 0ms




	Qualcomm [23]
	[bookmark: _Ref534988381]Table 1: Power states and their agreed power values for I-DRX
	Power state
	Power
	Duration (ms)
	Energy
	Energy Notation

	Loop (AGC, TTL & FTL) 
	100
	0.5
	50
	

	Paging (PDCCH-only) 
	100
	0.5
	50
	

	SIB1 decoding (PDCCH+PDSCH)
	300
	1
	300
	

	Neighbor cell search (within SMTC)
	150
	2
	300
	

	L-SSB measurement 
	Depending on the # of SSBs to be measured and whether UE is stationary or not
	

	Serving cell SSB/CSI-RS processing
	100
	0.5
	50
	

	Light sleep 1 (between consecutive SSBs for the loops and RRM measurement)
	20
	19.5
	390
	

	Light sleep 2 (gap between PO and the closest SSB)
	20
	10
	200
	

	Light sleep transition
	
	
	100
	

	Deep sleep transition
	
	
	450
	

	Deep sleep
	1
	
	
	

	Note: 
·  is the number of SSBs (one SSB in each SSB set) needed to run AGC/FTL/TTL loops (assuming  in the model)
·  is the whole duration other than the deep sleep within an I-DRX
· For paging, 10% false alarm is assumed (i.e., 10% both PDCCH and PDSCH are decoded)




	Nokia [24]
	In TR38.840, a UE power consumption model was defined. The values were provided for a 100 MHz bandwidth reference configuration, but paging may be confined to 20 MHz or less. Therefore, relevant power consumption states must be scaled according to the bandwidth scaling model:



Table 1 provides the scaled power consumption states. Note that sleep state powers do not scale with bandwidth, i.e. they remain 1, 20, and 45 for deep, light, and micro sleep, respectively. Furthermore, the related transition times are not expected to change.
[bookmark: _Ref44589000]Table 1 Power consumption for 20 MHz bandwidth, FR1.
	Power state
	Relative power

	PDCCH-only (same-slot scheduling)
	50

	PDCCH+PDSCH
	120

	SSB processing (serving cell)
	50



The power model also defines RRM states, e.g. intra- and inter-frequency cell measurements and search. However, it is explicitly stated that the bandwidth scaling model does not apply.

Proposal: RAN1 to define power consumption values for intra- and inter-frequency neighbor cell measurements and cell search for 20 MHz bandwidth for evaluation of objective 1a.



Regarding the majority view, the following proposal is first suggested: 

[bookmark: _Ref48755325]Initial Proposal 1: For Rel-17 paging enhancement or for reduced capability UEs, the power consumption values for the power states in TR 38.840 are scaled from 100 MHz reference bandwidth to 20 MHz bandwidth. Specifically, the following power consumption model is utilized:

	Power State
	Relative Power
(TR 84.840; reception bandwidth 100 MHz)
	Relative Power
(Scaled to reception bandwidth of 20 MHz 
by the rule in TR38.840)

	Deep Sleep
	1
	1

	Light Sleep
	20
	20

	Micro sleep
	45
	[35]Note1

	PDCCH-only 
	100
	max {100*0.4, 50} = 50 for same-slot scheduling;
[40] Note2 for cross-slot scheduling

	PDCCH + PDSCH
	300
	max {300*0.4, 50} =120

	PDSCH-only
	280
	max {280*0.4, 50} =112

	SSB/CSI-RS proc. 
	100 (sync or serving cell measurement)
	max {100*0.4, 50} = 50

	Intra-frequency RRM measurement
	150 (synchronous case, N=8)
	max {150*0.4, 50} = 60Note3

	Inter-frequency RRM measurement
	150
	max {150*0.4, 50} = 60Note3

	Note 1: Micro-sleep power consumption is scaled down to be no larger than scaled PDCCH-only power consumption with reduced PDCCH candidates. 
But, other sleep power consumption values and wake-up energy overheads are not scaled. 
Note 2: Cross-slot scheduling scaling is increased to avoid scaled PDCCH-only power consumption value is the same as micro-sleep (no UE processing) 
Note 3: RRM measurement power consumption values are scaled for consistent power consumption characteristics with other power states



For achieving consensus, companies are welcomed to provide comments for Proposal 1 in Table 2:

[bookmark: _Ref48755446][bookmark: _Ref48863303]Table 2: Companies’ comments for initial Proposal 1
	Company
	Comments

	Apple
	We are generally fine with the proposal.
The note says “Cross-slot scheduling scaling is increased to avoid scaled PDCCH-only power consumption value is the same as micro-sleep”. But this does not seem to be the case. If we reduce the number of BDs to be 40% of the original, the scaling factor for the reduced BDs is 0.4+(1-0.4)*0.7=0.82. Then the power consumption for PDCCH-only with cross-slot scheduling is 40*0.82=32.8 < 35. 

	Samsung
	
For RRM measurement, we suggest to consider the following changes to distinguish the power states for measurement only (high SINR) and perform both measurement and cell search (low SINR). 

	Power State
	Relative Power
(TR 38.840; reception bandwidth 100 MHz)
	Relative Power
(Scaled to reception bandwidth of 20 MHz 
by the rule in TR38.840)

	Intra-frequency RRM measurement
	a. 150 (synchronous case, N=8, measurement only)
· 200 (combined measurement and search)
	· max {150*0.4, 50} = 60Note3(synchronous case, N=8, measurement only)
· max {200*0.4, 50} = 80Note3 (combined measurement and search)

	Inter-frequency RRM measurement
	150 (neighbor cell search power per frequency layer)
	max {150*0.4, 50} = 60Note3 



For PDCCH-only state, we don’t see the need to model PDCCH-only power for cross-slot scheduling. Although NW may schedule paging message in different slot than the slot for paging PDCCH, UE can’t assume cross-slot scheduling by default. 

Also, we don’t see the need to consider PDSCH-only for idle mode.


	Ericsson
	The scaling models seems generally fine to us. However, given this model would be applicable generically (even existing UEs), in the preceding paragraph before the table, “For Rel-17 paging enhancements or reduced capability UEs” should be deleted.  

	Vivo
	We are in principle fine with the proposal, two clarification of the following:
(1) for inter-frequency RRM measurement, micro sleep power is assumed for Pt (switching power consumption) for 100MHz. Whether this assumption still holds for 20MHz? and if so, whether Pt = 45 or [35] ? I assume Pt = [35] according to the new micro sleep power value for 20MHz.
(2) the scaling rule for reducing number of BD for both same-slot and cross-slot 20MHz is not presented here. But we are OK to be discussed either here or in the Redcap session.

Also, in response to Samsung’s comment, PDSCH-only for idle mode maybe for cross-slot scheduling for paging PDSCH.

	Huawei, HiSilicon
	1. We think the only concern about the power model is about the RedCap UE, not for the eMBB UE. Therefore, we don’t think we should change the power model for eMBB, on which we spent a lot of time in Rel-16. We think it is a proper model for the normal eMBB UE. We have concern to change the power model for eMBB UE. 
2. We are fine to further discuss to expand the power model for the RedCap UE, considering the RedCap UE should be a different chipset from the one of normal NR eMBB chipset. For the issue for RedCap UE, it seems the issue is due to the power consumption of sleep mode. To resolve the issue about the scaling, we have the following suggestion:
· Use the lower deep sleep power consumption 0.5, which is also captured as optional in 38.840；
· To keep the ratio between the light sleep and deep sleep, the power consumption for light sleep is 10;
· For the Micro-sleep state, we can use 25 to keep the ratio between micro-sleep and deep sleep to be similar as that in TR 38.840;
· Update all minimum value in the maximum operation from 50 to 25. 
· Reuse all the scaling rule in TR 38.840.
By updating the power consumption of sleep states (we think this is reasonable considering the RedCap UE is a reduced complexity chipset), the power model for the RedCap UE is as following: 
	Power State
	Relative Power
(TR 84.840; reception bandwidth 100 MHz)
	REDCAP

	Deep Sleep
	1
	0.5

	Light Sleep
	20
	10

	Micro sleep
	45
	25

	PDCCH-only 
	100
	max {100*0.4, 25} = 40 for same-slot scheduling;
max {100*0.4*0.7, 25} = 28 for cross-slot scheduling

	PDCCH + PDSCH
	300
	max {300*0.4, 25} =120

	PDSCH-only
	280
	max {280*0.4, 25} =112

	SSB/CSI-RS proc. 
	100 (sync or serving cell measurement)
	max {100*0.4, 25} = 40

	Intra-frequency RRM measurement
	150 (synchronous case, N=8)
	max {150*0.4, 25} = 60Note1

	Inter-frequency RRM measurement
	150
	max {150*0.4, 25} = 60Note1

	Note 1: RRM measurement power consumption values are scaled for the complexity reduction of RedCap




	SONY
	The proposed power model is generally reasonable.

	ZTE
	We are okay with Proposal 1. 

	Nokia
	Agree with scaling to 20 MHz bandwidth for most cases.
Scaling of micro-sleep and cross-slot scheduling in addition to PDCCH and PDSCH is OK. For RRM measurements, especially for inter-frequency case, it is not clear if scaling is needed. I.e. in practice UE does not know the target carrier cell BW on the inter-frequency case so it would seem that assumption needs to be based to SSB bandwidth. Thus it does not appear necessary to scale the inter-frequency measurement value. From this perspective, it would seem valid to keep also the intra-frequency power consumption unchanged. Also in Rel-16 evaluations, these numbers appear to have been already   used in evaluations.
Also a minor note that inter-frequency RRM measurement value seems to be based on the “Table 8 UE power consumption of neighboring cell search” and not the inter-frequency measurement equation of section 8.1.4.2 in TR 38.840 with combination of measurement and search.

	Spreadtrum
	Basically agree. 

	InterDigital
	We are fine with the proposal.

	Panasonic
	Agree on the proposals.

	LG
	We are generally fine with proposal, but it seems like the case of PDSCH-only is not required in idle/inactive mode

	Intel
	Proposed values seem reasonable considering BW adaptation. However, as RedCap devices are also part of the evaluations, scaling for antenna adaptation should be taken into account. TR 38.840 values are for 4Rx. Scaled parameters for 2Rx and 1Rx are needed.

	MediaTek
	To unify the power consumption model for eMBB UEs with scaled reception bandwidth and reduced capability UEs with inherent smaller supported bandwidth is beneficial. But, it is reasonable the two types of devices, if implemented separately, can exhibit different ground power consumption (deep sleep power value). In this regard, we are also supportive the Huawei’s suggestion utilizing 0.5 as deep sleep power for RedCap UEs.

For measurement, if FR1 30KHz SCS is the reference setting, SSB frequency span is within 20 MHz. In this regard, it is reasonable to consider bandwidth scaling. For the case cell search and measurement are both performed, we can also include this case as noted in Samsung’s response.  

	TCL
	We are fine with the proposal.

	Qualcomm
	Regarding Note 3, TR 38.840 has “The power scaling factors for BWP adaptation and number of antenna reduction are not intended to be applicable to the power states associated with RRM power modelling in section 8.1.4”. Maybe we should first clarify whether Rel-16 model has assumed a large bandwidth (e.g., 100MHz).

	CATT
	We are OK the number of power model with the exception of micro sleep scaled down to 35.   The micro sleep is to shut down some components not performing any processing.  Micro sleep should not be different with different BW.  

	Lenovo, Motorola Mobility
	· Can remove “For Rel-17 paging enhancement or for reduced capability UEs” in the proposal.
· For RedCap UE power consumption model, power reduction with 2Rx and 1Rx compared to 4Rx should be considered.
According to Table 21 in TR 38.840, 2Rx power is 0.7x 4Rx power for FR1, and 1Rx power is 0.7x 2Rx power for FR2

	
	



From Table 2, the following updated proposal 1 (which is also agreed on 8/24 9pm PST)

[bookmark: _Ref48888321][bookmark: _Ref49988763]Proposal 1 (Agreements): 
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode
1. FFS: FR2 power consumption model for idle/inactive mode operations
	1. Power State
	Relative Power
(FR1 reference from TR 8438.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	·        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
·        200 (combined search and measurement; Pintra, search+meas)
	·        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
·        [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.






UE Processing Timeline
With the power consumption model in Section 2.2, it remains to specify UE processing timeline for a paging cycle so as to compute the average power consumption. In Table 3, there summarize companies’ proposals: 

[bookmark: _Ref41303087]Table 3: Companies proposals of UE processing timeline for paging monitoring/reception
	Company
	Proposals

	Huawei, HiSilicon [3] 
	Proposal 4: Take the following as evaluation assumption for IDLE/INACTIVE mode UE
	Parameter 
	Good coverage
	Bad coverage

	#SSB burst
(Number of SSB burst to be received before the PO)
	1
	2 (eMBB UE) or 3(RedCap UE)

	SSB burst set periodicity
	20ms
	20ms

	SCS
	30kHz
	30kHz

	Neighbor cell measurement
	Not modeled for good coverage UE (considering S-criterion and RRM relaxation in Rel-16)
	Only monitor one frequency layer in one DRX cycle (considering RRM relaxation in Rel-16)
SMTC = 5ms




	Vivo [4]
	[bookmark: _Ref47378228][bookmark: _Ref47465584]Proposal 2: The evaluation should assume the number of SSBs for IDLE mode loop convergence / time-frequency tracking can be 1 or 3.
[bookmark: _Ref47348171][bookmark: _Ref47465587]Proposal 3: Paging assumptions in Table 2 in R1-2005388 should be adopted.
[bookmark: _Ref47347176][bookmark: _Hlk46949243]Table 2: Paging assumptions for FR1
	Parameter
	value

	I-DRX cycle
	1.28 sec

	SSB periodicity
	20 ms

	paging rate for a PO4
	10% or 20%

	SMTC window duration, i.e. intra-frequency measurement
· 2 SSBs per slot are measured, total SSB number is 8.
	2 ms

	SMTC window duration for all other cases, i.e. inter-frequency measurement
	5 ms

	Total number of SSB burst
	4 in Low SINR case;
1 in High SINR case.

	PO reception duration
	8 slots/4 ms per DRX cycle in Low SINR case;
2 slots/1 ms per DRX cycle in High SINR case.

	Note 4: paging rate for a PO (per PO paging rate) means the overall paging rate for all UEs of one PO. It depends on the number of UEs for one PO and the average paging rate for one UE.





[bookmark: _Ref47347226]Figure 1: The baseline paging assumption model

	ZTE [5]
	Proposal 1: The paging cycle and the duration of PO should be clarified in evaluation assumption. The default paging cycle of 1280ms can be considered.
Proposal 2: Classify two scenarios such as high SINR scenario and low SINR scenario and differentiate the number of SSB and the SMTC duration in different scenarios.
[image: ]
[bookmark: _Ref45975120]Figure 1 UE operation in a paging cycle

[image: ]
Figure 2 UE behavior in high SINR operation

Proposal 3: The time offset between SSB and PO should be clarified. Furthermore, the time offset can be assumed to be randomly distributed or fixed.

	MediaTek [7]
	[bookmark: _Ref47775769]Proposal 9: When SINR is not high, or for reduced capability UE, the processing timeline in Figure 1 is assumed, where
· Three SS bursts before PO are utilized for synchronization; one is also used for serving cell and intra-band neighbour cell measurement
· 4-ms PO processing is assumed for paging monitoring/reception across multiple beams
· One  5-ms SMTC window after PO is utilized for inter-band neighbour cell measurement
[image: ]
[bookmark: _Ref47735161][bookmark: _Ref47776005]Figure 1: UE processing timeline for paging monitoring/reception when SINR is not high

[bookmark: _Ref47775843]Proposal 10: For high SINR condition, the processing timeline in Figure 2 Figure 1is assumed, where
· One SS burst before PO is sufficient for synchronization and serving cell measurement. 
· 1-ms PO processing is assumed for paging monitoring/reception only over the best beam(s)
· No neighbour cell measurement after PO
· Note that, due to potential SINR change for each paging DRX cycle, an early SS burst is assumed so that UE can process the following SS bursts if identifying lower SINR condition from the first SS burst

[image: ]
[bookmark: _Ref47736426][bookmark: _Ref47776142]Figure 2: UE processing timeline for paging monitoring/reception in high SINR

	CATT [8]
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The general procedure of paging reception in RRC_IDLE/Inactive is shown as follow. Before UE is at a Paging Occasion (PO) as shown in Figure 1, UE needs to perform following steps: 
1) Waking up at the predetermined time before PO and turning all components in preparation of data reception (warm up);
 2) Measuring SSB(s) to estimate the timing and frequency offset information for time and frequency tracking. The estimation could be done after one measurement or combination of multiple measurements. 
3) Performing front end process in time and frequency compensation of receiving signals 
4) Demodulating/decoding the DCI from PDCCH for paging indication.
5) Demodulating/decoding PDSCH and retrieve the paging information. 
6) If UE ID is included in the paging message, UE performs the subsequent processing, such as contention-based PRACH etc.. Otherwise, UE continues to go to sleep. 




Figure 1: Illustration of paging reception procedure in Rel-16


	Samsung [14]
	Proposal #3: For power saving evaluation of paging enhancement, support configuration of idle/inactive mode UE activities as defined in Table 2.

Table 2: Assumption on the configuration of UE activities in idle/inactive mode

	UE activities
	Configuration parameters
	Values

	Synchronization
	SSB burst periodicity, 
	20ms

	
	# of SSBs per burst, or burst duration,
	2ms

	
	# of SSB bursts for synchronization, 
	1-3

	Paging Monitoring
	I-DRX cycle, 
	1.28s

	
	PO duration, 
	4 ms

	
	Effective PO duration, 
	1 ms

	
	Group paging rate, 
	10%

	RRM measurement
	Measurement period (MP)
	I-DRX cycle

	
	Number of L1 samples per MP for serving cell RRM measurement, L
	1

	
	SMTC window duration, 
	2ms

	
	SMTC periodicity, 
	20ms

	
	Cell search rate, 
	1/4

	
	Measurement gap (MG), 
	6ms

	
	# of frequency layers for neighboring cell measurement 
	3 
(2 inter, one intra)

	
	# of cells per frequency layer
	8

	Cell reselection
	Cell reselection rate, 
	[1/6] for mobility scenario, 
0 for stationary scenario





Figure 2: Illustration of the processing timeline for baseline in stationary scenario.

	CMCC [15]
	Proposal 1. The following updated parameters can be considered in the evaluation methodology in IDLE/INACTIVE state for FR1:
· 20MHz BWP bandwidth
· 0.4 scaling factor for 20MHz
· 1280ms I-DRX cycle
· 20ms SSB periodicity
· 10ms offset between the nearest SSB and PO

	Apple [19]
	From UE power consumption point of view, as shown in Figure 1, for each paging occasion, 
1. The UE needs to wake up in advance to achieve the require level of synchronization accuracy. How much time in advance and the exact procedures a UE follows before PO reception heavily depends on UE implementation and most likely also depends on UE RF condition. That is, a UE in a poor RF condition may need to wake up earlier than a UE in a good RF condition, in order to achieve sufficient synchronization. In case the UE needs to wake up before-hand to monitor multiple SSBs, the UE may go into light sleep between SSB monitoring. 
2. The UE does PDCCH blind decoding, and determines whether there is a paging DCI.
3. If a paging DCI is successfully decoded and it indicates that there is paging message carried in PDSCH, the UE decodes the PDSCH accordingly.

[image: ]
[bookmark: _Ref47472648]Figure 1 UE power consumption for monitoring a paging occasion

	Ericsson [21]
	[image: ]
[bookmark: _Ref45095958]Figure 2: UE PO monitoring related activities per Idle/Inactive DRX occasion. UEs are assumed to be in deep sleep in-between the DRX occasions, acquiring 2 SSBs before the PO. Top subfigure depicts the case where the UE receives both PDCCH and PDSCH, whereas the lower subfigure depicts the case with PDCCH only (i.e. UE is not paged)

	Qualcomm [23]
	The baseline UE power consumption in I-DRX is given by

where 
·  where is UE speed (m/s) and  is inter-site distance, and  assuming UE performs cell search one every 6 I-DRX cycles.
· For stationary scenarios,  with  (i.e., serving cell SSB processing).  is duration of  SSBs during which the UE performs RRM measurement.
· For mobility scenarios,  where  is intra-frequency measurement and  depends on UE location/channel condition (e.g., cell edge or cell center). In particular,  should account for the facts that neighbor cell measurement might not need performing every I-DRX and SSBs from neighbor and serving cells might be time-aligned. In the model, we assume .
·  is I-DRX cycle and  is SMTC duration.
· 
· The number of SSBs for tracking loop update per I-DRX cycle is .

	Nokia [24]
	Proposal: RAN1 to define the idle-mode DRX cycle to 1.28 s for evaluation of objective 1a.
Proposal: RAN1 to define the SSBs periodicity to 20 ms for evaluation of objective 1a.

Proposal: In terms of PO time locations, consider two configurations; where PO starts in the next half-frame after the SSBs and where PO is in between the SSBs.

Proposal: RAN1 to define the number of SSB samples required for synchronization prior to PO for evaluation of objective 1a.

Proposal: RAN1 to define the number of intra- and inter-frequency cells for measurements and cell search.



From companies’ proposals, there are three major types of operations:
1) SS burst processing before PO for synchronization as well as measurement of serving cell and, if needed, intra-band neighbor cell(s) 
2) PO processing, including Paging PDCCH monitoring, and paging PDSCH processing (subject to group paging rate)
3) SS burst processing after PO for inter-band neighbor cell measurement

For operation 1), the number of required SS bursts ranges from 1 to 3, relating to the channel/coverage condition. It is also noticed that, for reduced capability UEs, the observed channel/coverage condition can be worse than a normal capability UE due to antenna reduction. For operation 3), network can allow UE not to measure neighbor cell when channel condition is good. Consequently, two UE processing timelines, one for SINR is not high or reduced capability UEs and the other for SINR is high can be considered. The following proposals are suggested:

Initial Proposal 2: For Rel-17 paging enhancement, the following are assumed:
· 1.28 second paging cycle
· 20 ms SS burst periodicity 
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement and 5 ms SMTC window for inter-frequency RRM measurement

[bookmark: _Ref48764630]Initial Proposal 3: When SINR is not high or for reduced capability UEs, the following reference UE processing timeline for a paging cycle and the corresponding evaluation are utilized:
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell
/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, (additional serv.-cell
/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	8
	20 * 8 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 50 * 4
Paged: 120 * 4 (subject to group paging rate, P)

	Light sleep
	Power saving
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1215
	1 * 1215 + 450

	Total
	1280
	200 * (1-P) + 480 * P + 3685 + 237 + 450

	Average Power Consumption = Total energy / page cycle (1280)



Initial Proposal 4: When SINR is high, the following reference UE processing timeline for a paging cycle and the corresponding evaluation are utilized:
	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc.
	AGC, Coarse/fine synchronization, serving-cell/intra-freq. RRM measurement.
Note: Due to no a prior of SINR change, assume the same 1st SSB timing w.r.t. PO as the case where SINR is not high
	2
	60 * 2

	Light sleep
	Power saving
	48
	20 * 48 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 2 slots for more efficient reception
	1
	Not paged: 50 * 1
Paged: 120 * 1 (subject to group paging rate, P)

	Deep sleep
	Power saving
	1229
	1 * 1229 + 450

	Total
	1280
	50 * (1-P) + 120 * P + 2859

	Average Power Consumption = Total energy / page cycle (1280)




For achieving consensus, companies are welcomed to provide comments for the above proposals in Table 4: 

[bookmark: _Ref48763442]Table 4: Companies' comments for initial Proposals 2-4
	Company
	Comments

	Xiaomi
	Agree that two separate cases, in low  and high SINR power scenarios, should be taken into consideration for power consumption calculation

	Apple
	We are generally fine with the proposals.
But we would like to understand if it is reasonable to assume the UE always wakes up 3 SSBs in advance even for high SINR case. It may be sufficient for such a UE to wake up just 1 SSB in advance, and having tracking based on the latest SSB also provides better tracking performance.

	Samsung
	
For proposal 3, we have the following concerns: 
· Although it is ok to consider the overlapped SSB occasion for synchronization and serving/intra-frequency RRM measurement, it is better to consider UE performs synchronization first and does serving cell RRM measurement based on the last SSB burst for synchronization.
· The power consumption for synchronization and RRM measurement should be computed separately although the measurement occasions may overlap. 
· The power for serving/intra-frequency measurement should consider combined measurement and cell search, i.e. 80 instead of 60.

According to above comments, we suggest to consider the following changes:

	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc.
	AGC, coarse synchronization, serving-cell/intra-freq. RRM measurement
	2
	60 * 2
50*2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Coarse/fine synchronization, (additional serving-cell
/intra-freq. RRM measurement)
	2
	50 * 2

	Light sleep
	Power saving
	18
	20 * 18 + 100

	SSB proc.
	Fine synchronization, and (additional serv.-cell
/intra-freq. RRM measurement)
	2
	50 * 2
50*2+80*2

	Light sleep
	Power saving
	8
	20 * 8 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 50 * 4
Paged: 120 * 4 (subject to group paging rate, P)


	Light sleep
	Power saving 
	6
	20 * 6 + 100

	Inter-freq. RRM measurement
	Inter-frequency/inter-RAT neighbor cell measurement
	5
	60 * 5

	Deep sleep
	Power saving
	1215 
	1 * 1215 + 450 

	Total
	1280
	200 * (1-P) + 480 * P + 3685
3825 + 200 * (1-P) + 480 * P


	Average Power Consumption = Total energy / page cycle (1280)



For proposal 4, we have the following concerns:
· The power consumption for synchronization and RRM measurement should be computed separately although the measurement occasions may overlap. 
· The sleep duration between SSB processing and PO is too long, UE is able to select the closest SSB for synchronization or RRM measurement by implementation.
· We think it makes sense to consider partial duration out from configured PO for paging processing at high SINR. But the location of selected effective duration varies depending on preferred beam directions. Instead of assuming UE always processes the first 1ms, we suggest to consider that the UE processes partial POs for efficient reception and the UE stays in micro-sleep for remaining duration.

According to above comments, we suggest to consider the following changes:

	Operation in sequence
	Purpose
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc.
	AGC, Coarse/fine synchronization, serving-cell/intra-freq. RRM measurement.
Note: Due to no a prior of SINR change, assume the same 1st SSB timing w.r.t. PO as the case where SINR is not high
	2
	50*2 + 60 * 2 

	Light sleep
	Power saving
	48 18
	20 * 4818 + 100

	PDCCH or PDCCH+PDSCH
	1msnote1 out of 4ms configured POs for effective Paging control proc. and data proc. (if paged); 2 slots for more efficient reception

Note1: UE processes partial POs for efficient reception and UE stays micro-sleep for remaining duration. 
	1  4
	Not paged: 50 * 1
50*1 + 35*3 = 155

Paged: 120 * 1 (subject to group paging rate, P)
120*1 + 35*3 = 225

	Deep sleep
	Power saving
	1229
1246
	1 * 12291246 + 450

	Total
	1280
	50 * (1-P) + 120 * P + 2859
155*(1-P) + 225*P + 2375

	Average Power Consumption = Total energy / page cycle (1280)





	Ericsson
	P2 : 
· The proposal should be updated to reflect that these are evaluation assumptions for study of paging enhancements to reduce unnecessary paging receptions. A sub-bullet should be added to ask RAN2 feedback on any other I-DRX cycle length, e.g. such as extended DRX for RRC Inactive and/or Idle for reduced capability UE.  
P3 and P4: 
· The SNR range vs number of SSBs that need to be processed by the UE should also be studied as part of the evaluations, i.e. for PDCCH reception and PDCCH + PDSCH reception, for typical oscillator frequency drift values. 
· “When SNR is not high or for reduced capability UEs”  -  terminology should be clarified, especially it is unclear what is meant by “SNR is not high”. Also, for reduced capability UE, which aspect (e.g. complexity or power saving) of reduced capability UE is assumed for the evaluation ? 
· The evaluation should also consider the provision of potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs.
· We will also need more time to check the numbers/purposes mentioned in the table.


	Vivo
	Agree in principle.
For proposal 4 (high SINR UEs), 48ms Light sleep is assumed between SSB and PDCCH monitoring. Maybe the intension is to align the first SSB to measure for both high and low SINR. However, this could be reduced for high SINR UE considering one SSB for measurement is enough. Thus, the Light sleep between SSB and PDCCH monitoring could be less than 20ms, e.g., 8ms.

And  also we have two clarifications as follows,
(1) it should be clarified for Redcap UEs whether the assumptions holds. Whether proposal 3 also applies to Redcap UEs.
(2) couple of features are under design for Rel-17 UE, therefore e would like to clarify that the proposal 3 and 4 is for UE 
· which is not configured with wake-up signal for IDLE/INACTIVE mode
· which is not configured with RRM relaxation for serving cell in IDLE/INACTIVE mode
Maybe it’s better later on we can update some of the assumptions in the feature design when considering IDLE-mode Wake-up signal and RRM relaxation for serving cell in IDLE/INACTIVE mode.



	Huawei, HiSilicon
	1) For proposal 2: We are supportive on proposal 2 in principle with one suggested revision and one further question for clarification:
· Besides the intra-frequency neighbor cell measurement and inter-frequency measurement, it is proposed also capture the assumption for the serving cell RRM measurement as: 2 ms duration for serving cell RRM measurement, which can be the same duration for pre-synchronization before the PO;
· According to TR 38.840, 2ms SMTC window is assumed for synchronized FR1 scenario, and 5ms SMTC window is assumed for all other cases. So, in the evaluation, we assume the synchronized network, right?
2) For proposal 3 and proposal 4: we are supportive on the tables in Proposal 3 and Proposal 4 in principle, with some suggested revisions in proposal 3:
· It seems that we assume the RedCap UE always uses three SSB bursts regardless of good or bad coverage. In our view, the RedCap UE in good coverage should still be able to use one SSB burst. Therefore, we suggest to revise the proposal 3 as: “When SINR is not high or for reduced capability UEs, the following reference UE processing timeline for a paging cycle and the corresponding evaluation are utilized:”


	SONY
	Generally fine. 

	ZTE
	1) In TS38.840, the power consumption of the power state is defined per slot, instead of per millisecond. When the SCS is 30 KHz, the power consumption per millisecond is not the same with power consumption per slot. To be more specific, 
a) If the power consumption of the power states are defined per millisecond, the formula of average power consumption is:
(sum (power * time) + energy overhead)/time.
b) If the power consumption of the power states are defined per slot, the formula of the average power consumption is:
 (Sum (power *time*2) + energy overhead)/ (time*2).
The above two methods are slightly different when the energy overhead of ramp-up/ramp-down is considered.
2) For proposal 3, the functions of the second and third SSBs should be clarified. The meaning of “additional serv.-cell/intra-freq. RRM measurement” in the bracket is unclear. It seems all the three SSBs before the PO are used for serv.-cell/intra-freq. RRM measurement. If so, the power consumption of the second/third SSB should be 60*2, instead of 50*2. However, according to our understanding, when the paging cycle is 1.28s, UE is not required to perform serving/intra-freq RRM measurement three times. 
3) For proposal 4, if the time duration between PO and SSB is 48ms, UE can enter into deep sleep (not light sleep) to save power, so the energy contribution is: 1*48+450. Besides, we don’t think UE need to wake up to detect the SSB which is located 50ms before PO. The SSB that the UE processes depends on the UE implementation, e.g., UE can wake up to detect the SSB exactly before PO for AGC/sync/RRM measurement.

	Nokia
	Agree with proposal 2.
For scenarios in proposal 3/4, firstly, the RRM numbers should be updated as commented in Proposal 1. Then it should be clarified if ‘SSB proc.’ are only for TD/FD synch or if they are also for full serving cell measurements. If latter, then it is not clear if these can be reduced based on paging indication. Also, it would appear to be sufficient, for TD/FD only to consider single SSB per occassion, hence single slot power consumption would suffice (one slot would cover 2 SSBs).
For paging reception it appears that it is assumed that UE can, and will listen for full number of POs (i.e. for all beams) to obtain diversity. UE is free to do so, but that is not mandated and it is not maybe likely that it would need to listen (or even hear) all 8 beams. We would think one or two slot would suffice i.e. align high and low SINR scenarios.  Also, if we assume that UE can hear paging from multiple beams, then we could also assume that these can be used in TD/FD sync, and hence we can reduce one ‘SSB proc.’ occasion as UE can obtain more than one sample in single SSB occasion. 

In general for both proposals 3 and 4 it seems like SCS of 15 kHz, was used instead of 30 kHz, because the slot length is 1 ms. The TR 38.840 assumed 30 kHz (½ ms) as reference scenario. 
For the light sleep state after the PO the usage of micro sleep (@ 35 units according to proposal 1) is actually more efficient than light sleep for 6 ms (6*35=210 vs 6*20+100=220). However, if SCS of 30 kHz is used instead, the light sleep remains the more energy efficient choice (12*35=420 vs 12*20+100=340).

	Spreadtrum
	1) For low/high SINR scenarios, we suspect in UE implementation, UE chooses the wake-up duration (the number of SSB to be processed) according to many factors, including SINR, sleeping duration and RF performance (e.g. frequency drift rate). Hence, we may not restrict to low/high SINR, and we can just differentiate the two scenarios as long preparation period and short preparation period.
2) For long preparation period, we think two SSB bursts may be enough. 
3) The transition power from light sleep to SSB/PO processing needs to be modeled.
4) The function of each SSB should be clarified clearly. For example, for long preparation period, AGC for the first one, coarse sync for the second one, and fine sync and measurement for the third one; for short preparation period, fine sync and measurement for the only one. 

	InterDigital
	We are generally fine with the proposal.
The sleep duration in Proposal 4 seems too large, it may be revised to be 18 ms instead of 48 ms. The UE can choose an SSB closer to the PO for processing.

	Panasonic
	Agree on the FL proposal in general and okay with Samsung’s adjustment except the starting time of the SSB processing for proposal 4.
Regarding the comments that in high SINR case, UE could wake up later to just receive the closest SSB with PO to save power. But as the paging cycle is 1.28s, the channel condition may change even if in the previous Pos UE may be in high SINR. So for the evaluation, waking up earlier to make SMTC cover 3 SSB bursts is reasonable.  

	LG
	We are fine with the proposal.

	Intel
	We have several comments on Proposal 2, 3, and 4.

· It is not clear why inter-frequency RRM measurement needs to be taken into account for evaluation of paging enhancements. We think only factors that somehow impact paging reception should be considered. Considering intra-frequency measurement is OK as it is within the preparation time before PO.
· We think as a baseline, processing of a fixed number of SSBs should be considered. Value of 2 or 3 can be considered. It is not clear how choice of 1 SSB for high SNR and 3 SSBs for low SNR are obtained. 
· It seems 8 slots and 2 slots are considered in low SINR and high SINR conditions, respectively, assuming beam sweeping at the UE side. We do not think this should be considered as baseline for evaluation. If UE tries all beams over different slots, it would lead to increased power consumption. UE may only use the beam based on SSB to detect the paging DCI, i.e., network may perform beam sweeping but not necessarily UE. Considering RedCap UEs are also included in evaluation, simple configuration of single beam based reception should be baseline.  

	MediaTek
	We support to have two processing timelines for more comprehensive evaluation. For the SINR condition for each timeline, [>= 6 dB] may be considered for high SNR and [< 6 dB] for the other case. Since the case SNR is not high needs also to include variety of conditions, including different mobility and different delay spread, assuming 3 SS bursts for the preparation of PO reception should be reasonable.

Regarding the time duration for SSB processing, since the channel/beam condition can differ a lot from last paging cycle, we should reasonably assume UE actively process all available SSBs for diversity. To reflect potentially reduced processing for high SNR case, we can shorten its SSB processing duration. On the other hand, as mentioned by Samsung, more precise modeling should consider one SSB processing slot and other micro-sleep slot. As the average power consumption difference is not large (due to average over a long paging cycle), a simple model is preferred.

Regarding timing of 1st SSB processing for high SNR case, we are fine with 18 ms light sleep time if majority of companies suggest it.

Regarding energy calculation, it is notice that in TR 38.840, the energy overhead for sleep is defined as “relative power x ms”, as quoted below, it is convenient to align the energy calculation to “relative power x ms” even for FR1 30KHz SCS case. Note that, as long as the paging cyle for normalizing total energy is in the unit of “ms”, the final average power will be exact.

	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state


 

	TCL
	We are OK with the proposal.

	Qualcomm
	Proposal 3 and 4 have a lot of UE implementation specific details. It would be better to leave these details to be defined by companies based on their implementation details rather than assuming a unified implantation framework. To this end, we may just determine a few key parameters here, e.g., number of SSBs before page.
For proposal 2, the power consumption is also UE mobility dependent as discussed in [23]. The dependency includes how frequently SIB is decoded for UE that roams among cell and how frequently RRM measurement is performed. With current proposal 2, it seems we only consider stationary scenario. In the meanwhile, Rel-17 pow_sav_enh WID did not restrict the work to stationary scenario.
The power numbers depend on conclusions for proposal 1. Therefore, we assume only the formula in tables for proposal 3 and proposal 4 matter. For that, it would be preferable to replace the specific power values with variable symbols if possible. Also, the number of three SSBs for low SINR case for tracking loop update is a little too large.

	CATT
	We are OK of Proposal 3 to define the reference scenario for evaluation.   However, we don’t agree proposals 4 and 5 with power saving gain at different SINR, which is UE implementation.   We need to have UE tracking performance vs SINR with the accuracy of SINR estimation to show that UE can skip some processing of SSB for power saving.  In addition, UE is out of sync with large DRX cycle.    


From Table 4, the following proposals are suggested:
[bookmark: _Ref49988780]
Proposal 2 (Agreements):
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered

For the time/frequency synchronization, the following is further agreed:
[bookmark: _Ref49988788]Proposal 3 (Agreements):
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification
For an idle DRX cycle, the following operations should be considered w.r.t. the above proposals:
· SS burst processing before PO: Time/frequency synchronization, serving cell measurement and intra-frequency RRM measurement; assume 2 ms processing duration
· There can be 1, 2, or 3 SS burst processing before PO
· PO processing: Paging PDCCH and PDSCH processing
· Inter-frequency measurement after PO: UE switches to another frequency layer and perform RRM measurement, requiring at least 5 ms duration since the target cell may not be synchronous to the serving cell

For calculating the average power consumption, specific UE processing timeline will be needed. The following proposal is discussed in email discussion but finally not agreed during online session since some companies think each company can report their own UE processing timeline with justification. To assist companies’ power consumption evaluation, the following proposal is also captured for ease of reference.

[bookmark: _Ref49988892]Proposal 4 (Reference only): 
For the estimation of average power consumption for idle/inactive mode UE over a paging cycle, the following example calculations for FR1 can be referenced. Companies to report the assumed UE processing timeline(s) with justification for the estimation of average power consumption.

1. Example 1: 3 SS bursts are utilized before PO (e.g. for low SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100Note1

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100 Note1

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note2 + Pintra, meas-only * (1 – [1/4] Note2) ) ) * 0.85Note3 * 2

	Light sleep
	8
	PLS * 8 + 100 Note1

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Light sleep
	6
	PLS * 6 + 100

	Switch to another frequency layer
	0.5
	PMS * 0.5

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4]Note2 
+ Pinter, meas-only * (1 – [1/4] Note2) ) * 5

	Switch back to serving frequency
	0.5
	PMS * 0.5

	Deep sleep
	1214 
	PDS * 1214 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 2: Cell search rate for intra/inter-frequency RRM measurement 
Note 3: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840



1. Example 2: 2 SS bursts are utilized before PO (e.g. for medium SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100 Note1

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note2 + Pintra, meas-only * (1 – [1/4] Note2) ) ) * 0.85Note3 * 2

	Light sleep
	8
	PLS * 8 + 100 Note1

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Light sleep
	6
	PLS * 6 + 100

	Switch to another frequency layer
	0.5
	PMS * 0.5

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4]Note2 
+ Pinter, meas-only * (1 – [1/4] Note2) ) * 5

	Switch back to serving frequency
	0.5
	PMS * 0.5

	Deep sleep
	1254 
	PDS * 1254 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 2: Cell search rate for intra/inter-frequency RRM measurement 
Note 3: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840



1. Example 3: 1 SS burst is utilized before PO (e.g. for high SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note1 + Pintra, meas-only * (1 – [1/4] Note1) ) ) * 0.85Note2 * 2

	Light sleep
	8
	PLS * 8 + 100 Note3

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Deep sleep
	1266
	PDS * 1266 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Cell search rate for intra/inter-frequency RRM measurement 
Note 2: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 3: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840




Group Paging Rate
To accomplish the evaluation, there requires specification on the group paging rate. In Table 5, there summarize companies’ proposals:

[bookmark: _Ref48763710]Table 5: Companies’ proposals on group paging rate
	Company
	Proposals

	Huawei, HiSilicon [3] 
	Proposal 3: For evaluation, the paging traffic in IDLE/INACTIVE mode is modeled by the paging rate of a UE and the number of UEs sharing a PO(N), which are defined by the following table.
	Parameter 
	Low load
	High load

	Paging rate of a UE(p)
	1%
	1%

	N (the number of UEs sharing a PO)
	10
	[50]

	P(paging rate of a PO, P=1-(1-p)^N)
	9.56%
	[39.50%]




	Vivo [4]
	Proposal 3: Paging assumptions in Table 2 in R1-2005388 should be adopted.
Table 2: Paging assumptions for FR1 (paging rate related part)
	Parameter
	value

	paging rate for a PO4
	10% or 20%

	Note 4: paging rate for a PO (per PO paging rate) means the overall paging rate for all UEs of one PO. It depends on the number of UEs for one PO and the average paging rate for one UE.




	ZTE [5]
	Proposal 4: The per-UE paging probability and the number of UE within the group which impact the group paging probability should be clarified in the simulation assumption.

	MediaTek [7]
	[bookmark: _Ref47775744]Proposal 6: For paging related settings, consider
· 1.28 second idle-mode paging DRX cycle
· Group paging rates of 10% and 60%, corresponding to around 10 and 100 UEs sharing the same PO

	CATT [8]
	[bookmark: OLE_LINK19]Table 2 system parameters assumptions for FR1
	Parameter
	Assumption

	Numerology
	30KHz, FR1

	SSB
	2SSB per slot.
20ms period

	Paging cycle
	32rf, 64rf, 128rf, 256rf

	Paging rate 
	0.2, 0.01

	RRM measurement cycle
	4(32rf), 2(64rf),1(128rf,256rf);
Ideal RRM measurement cycle: infinite

	SMTC
	20ms

	MGRP
	6 ms




	Samsung [14]
	Table 2: Assumption on the configuration of UE activities in idle/inactive mode (paging rate related part)

	UE activities
	Configuration parameters
	Values

	Paging Monitoring
	I-DRX cycle, 
	1.28s

	
	PO duration, 
	4 ms

	
	Effective PO duration, 
	1 ms

	
	Group paging rate, 
	10%




	Spreadtrum [16]
	Table 2: The evaluation assumptions
	Item
	Value
	Note

	Subcarrier spacing (kHz)
	30
	

	Paging cycle (slot)
	640 
	320ms

	Per-UE paging rate (p)
	1%
	

	#UE per group (N)
	10 or 100
	

	Group paging rate
	10% or 60%
	1-(1-p)^N

	Paging cycle number
	100
	




	Ericsson [21]
	[bookmark: _Toc47728655]Proposal 1: RAN1 should study simulation assumptions to get realistic estimates of false paging. 
· [bookmark: _Toc47728656]Paging rates in the range 0.4%...2% (10…50 pages/h) are proposed for the deriving false paging rates.

	Qualcomm [23]
	For paging, 10% false alarm is assumed (i.e., 10% both PDCCH and PDSCH are decoded)

	Nokia [24]
	In TR 38.840 [2] the group paging rate was set to 10 %. Paging outcome is a binomial random variable

Where  and i is the number of objects from the set n.
Paging occurs when at least 1 UE is paged

For a paging propability p=1% the group paging rate of 10 % can be achieved for UEs n=10. If a higher number of UEs are assigned to the same paging occasion the group paging rate increases, which likewise will increase the unnecessary paging of the UEs that are not scheduled with a paging message. 

Proposal: RAN1 to define the paging probability p=1 % and number of UEs per PO n=10 for evaluation of objective 1a.



From the summary, 10% group paging rate is proposed by 7 out of 10 companies. Consequently, the following proposal is suggested:

[bookmark: _Ref48766234]Initial Proposal 5: Group paging rates of 10% and [40%] are assumed for evaluation of Rel-17 paging enhancement
· For UE subgrouping, the sub-group paging rate can be proportionally reduced with the total sub-group number

Initial Proposal 6: Send LS to RAN2 for informing the evaluation methodology based on Proposals 1 – 5 and TR 38.840 for Rel-17 paging enhancement

For achieving consensus, companies are welcomed to provide comments for Proposal 5 in Table 6: 

[bookmark: _Ref48766286]Table 6: Companies' comments for initial Proposals 5 and 6
	Company
	Comments

	Xiaomi 
	The setting of Paging rate in a PO would heavily impact the power saving gain of paging grouping in simulation. So practical paging rates should be selected to reflect a real network paging load. We propose to select 3 values to reflect the low/medium/high paging load from 10%-40%

	Apple
	For proposal 5, it would be good to add at least one value for high group paging rate for sensitivity study.
For proposal 6, the performance metrics should be also be included.

	Samsung
	For proposal 5, group paging rate of 10% can be assumed for legacy UEs, and we suggest to consider a higher group paging rate for RedCap use cases with larger connectivity. 


	Ericsson
	As mentioned in our comment above, we should also ask RAN2 for their feedback on any other I-DRX cycle length of interest. 

	CMCC
	For proposal 5, higher group paging rate should be supported both considering legacy UEs and RedCap UEs.

	Vivo
	For proposal 5, we agreed with Samsung, a higher PO rate can be considered in addition to 10%, e.g., 20%.

In addition, we are expecting to also include any other evaluation methodologies for IDLE/INACTIVE mode in AI 8.7.1.2 (TRS/CSI-RS) to RAN2. 
And for CONNECTED mode, there are also some evaluation methodologies for RAN2/4.
We expect these evaluation methodologies to be send together to RAN2 / RAN4.


	OPPO
	For proposal 5, additional higher paging rate is needed. 

	Huawei, HiSilicon
	1) For Proposal 5: 
· We are supportive to agree 10% paging rate per PO as the light load case. However, we also observe at least 4 companies propose to also consider another value for heavy load case, and there is no objection from other 6 companies. Considering this, we prefer to agree that two paging rate are evaluated, one is 10% for light paging load and the other value could be [FFS] or [40%] for heavy paging load.
· Besides, in this study, the power consumption is evaluated per UE basis, and the power saving due to further sub-grouping shall be also evaluated. Therefore, we think, besides the paging rate per PO, the paging rate per UE should be also provided.
Based on above two points, we have the following suggestion to revise the proposal from Moderator:
Proposal 5: Group paging rate of 10% and [FFS] is are assumed for evaluation of Rel-17 paging enhancement respectively:
· FFS: Whether and what is another group paging rate assumed 
· Per UE paging arrival rate is assumed 1% for evaluation

2) For proposal 6: agree to send our agreed agreements regarding the evaluation methodology and assumptions to RAN2.


	SONY
	RAN1 should request RAN2 to provide input on per-UE paging probability and number of UEs sharing a PO to be used in RAN1 evaluation.

	ZTE
	It’s OK for proposal 5.
For proposal 6, we suggest that the metrics in Proposal 8 should be included in the LS.

	Nokia
	Agree with proposal 5 and 6. The FFS of proposal 5 need to be clarified in the present RAN1 meeting to facilitate evaluation results for the next RAN1 meeting.

	Spreadtrum
	For proposal 5, multiple group paging rate can be used for evaluation for purpose of power saving scheme, e.g. UE subgrouping. 

	InterDigital
	We agree that a second higher group paging rate is needed.

	Panasonic
	To acquire a more complete picture of the power consumption from paging, a set of group paging rate values {low, medium, high} starting from 10% is more preferable than a single value. 

	LG
	Power consumption efficiency is highly affected by paging rate. So it would be worth to consider additional higher paging rate scenario as well.

	Intel
	Agree with Apple, in addition 10%, a higher paging load can be included.

Also, without including performance metrics, evaluation methodology is not that useful. Hence, we suggest to include agreed metrics in the LS.

	MediaTek
	In addition to 10% group paging rate, we are open for a higher group paging rate. From companies’ contribution, derivation from per-UE paging rate of 1% and total UE number sharing a PO is a common practice. In this regard, we can assume 50 or 100 UEs and apply the corresponding group paging rate (which is around 40% or 60%).

For Proposal 6, it is WID requirement, so no double on it.

	TCL
	We are fine with the proposals and are open for higher group paging rates.

	Qualcomm
	We agree group paging rate of 10% can be the starting point.

	CATT
	We are fine with group paging rate of 10% as the starting point in proposal 5 but not excluding other cases.  We don’t agree sending LS to RAN2 at this stage since group paging rate is network implementation.   

	Lenovo, Motorola Mobility
	Ok with the proposals. Considering that the maximum possible number of page records in a paging message is 32, we think 10-20% group paging rates are suitable assumptions.

	
	



From Table 6, the following proposals are suggested:
[bookmark: _Ref48888490][bookmark: _Ref49988961]Proposal 5 (Agreements): 
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO

[bookmark: _Ref49988992]Proposal 6 (Agreements):
Send a LS with for evaluation methodology updates related to paging enhancement(s) to RAN2
1. Draft LS in R1-2007355, which is endorsed, with final LS in R1-2007356 -> (typo fix) R1-2007425


Feasibility and Performance Metric
For paging enhancement, if UE processing is reduced, it is necessary to justify the feasibility. For example, if the number of UE synchronization operations in Proposal 3 is reduced by an enhancement proposal, proponent(s) should justify whether paging indication can still be correctly received by the UE. In [11], there suggest the evaluation assumptions for justifying the feasibility of reduced synchronization, which motivates the following proposal:

Initial Proposal 7: If the reference UE processing timeline is changed/reduced by a paging enhancement scheme, technical justification should be provided for the feasibility that UE can correctly receive the paging indication subject to less than [1 dB] SINR requirement subject to
· MDR [0.1%], FAR [1%]
· [0.5] ppm frequency error
· [TDL-C] channel with speed [60 km/hr]

Finally, the following proposal is to collect the performance metric for studying potential paging enhancements:

Initial Proposal 8: For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain
· System impact, including additional system overhead
· Impact to Rel-15/Rel-16 legacy UEs, considering both connected-mode and idle/inactive mode
· Specification impact

For achieving consensus, companies are welcomed to provide comments for above proposals in Table 7: 

[bookmark: _Ref48766384]Table 7: Companies' comments for initial Proposals 7 and 8
	Company
	Comments

	Apple
	In Proposal 7, what does the assumed frequency error correspond to? Is it the frequency error when the UE just wakes up from deep sleep?
For Proposal 8, what does “Applicability to reduced capability UEs” mean exactly. I would assume the schemes we talk about are generally applicable to RedCap UEs.

	Samsung
	For proposal 7, we suggest to clarify the carrier frequency associated with frequency error, i.e. [0.5] ppm frequency error at carrier frequency of [2.6] GHz.

	Ericsson
	P8 
· NW energy consumption should also be considered. Also, the last bullet should not be included here as it is not a “performance metric”.
· For UE power savings gain, both idle mode power savings gain, and overall UE power savings gain should be evaluated. 
· Update the first sentence to “For the study on paging enhancements to reduce unnecessary paging reception, the following ….”

	CMCC
	For proposal 8, coexistence with Rel-15/Rel-16 legacy UE should also be considered. For example the cross-slot scheduling for paging PDSCH enhancement technique, the current default TDRA table cannot support it. 

	vivo
	For proposal 7, currently, the assumption for frequency error used for TR38.802 for synchronization signal is uniform distribution +/- 5, 10, 20  ppm for Initial acquisition and uniform distribution +/- 0.1 ppm for Non-initial acquisition. We would like to clarify the proposed [0.5] ppm frequency error in addition to +/- 0.1 ppm.


	Huawei, HiSilicon
	1) For proposal 7, we have the following comments and questions for clarification: 
· Different enhancements may have different design for the indication. For example, for the early paging indication, we think the MDR needs to be just the same as that for legacy paging DCI. It is wired to request 0.1% MDR for paging indication. We have concern on this.
· It is not clear how to understand “subject to less than [1 dB] SINR requirement”. Needs more clarification before further comments.

2) For proposal 8: The availability to reduced capability UEs is not performance metrics. Therefore the ‘performance’ wording is suggested to be removed. We think some other aspects need to be also considered:
Proposal 8: For Rel-17 paging enhancement, the following performance metrics are considered:
· UE power saving gain
· System impact, including additional system overhead
· Applicability to reduced capability UEs
· Other functionalities that shall be informed to UE in paging procedure
· Specification impact and effort considering limited TU in RAN1



	SONY
	Generally, support the proposals. We can further discuss the value in Proposal 7.

	DOCOMO
	For proposal 8, regarding “UE power saving gain”, at least general power saving gain for UEs including eMBB UEs and RedCap UEs should be considered.

	ZTE
	For Proposals 7:
1) The purpose is not clear. 
a) Interpretation 1: It is assumed that the paging indication can be successfully detected by UE when SINR= [1 dB], frequency error= [0.5] ppm in TDL-C channel, and UE should wake up from sleep to adjust AGC, correct time/frequency error, etc., before detecting paging indication, more simulation assumptions is needed, such as, how to model the frequency error when UE wakes up?
b) Interpretation 2: Companies need to provide simulation results to prove that the paging indication can be successfully detected or compare the performance of different design of paging indication for SINR= [1 dB], frequency error= [0.5] ppm in TDL-C channel.
2) If the speed needs to be included, a lower-speed (e.g., RedCap UE, such as IWSN, Video surveillance) should be considered, e.g., 0– 30 km/h 

For Proposals 8：
1) It is not clear how to quantify the “Applicability to RedCap UE”. 
2) “Coexistence with legacy UE” should be added as one of the metrics. For example, when the cross-slot scheduling for idle/inactive mode UE is used, the coexistence needs to be discussed. 

	Nokia
	On proposal 8 we would propose to add impact to/from legacy UE support for IDLE and Connected (e.g. account the minimum UE capability).

	InterDigital
	We are generally fine with the proposals. The values in Proposal 7 can be discussed further.

	Panasonic
	Although in our understanding, the frequency error depends on the gap of the tracked SSB burst for synchronization and the received paging indication, it is better to clarify that.

	LG
	As pointed out by Samsung, it would be worth to clarify the carrier frequency in proposal 7.
Since the objective of this WID is the UE power saving, we prefer to add a note that UE power saving gain should be considered with higher priority in proposal 8.

	Intel
	Several comments on Proposal 7 and 8.

· It is not clear how 1dB SNR and 0.5ppm are selected in Proposal 7. For reference TR 38.840 can be used where -6dB was assumed as the lowest SNR to meet MDR requirement for physical layer signal. Proposal 7 in it’s current form maybe limited in scope. Note that CFO requirement can be different for a paging indication received before or during PO, depending on whether the indication before PO also provides sync/tracking functionality or not.
· We suggest to generalize Proposal 7 to study MDR of not just paging DCI but also any physical layer signal/channel considered for paging enhancements. X ≥ 0.1 ppm can be listed, where companies could report values of X assumed for the evaluations. For example, if CFO requirement can be relaxed for paging DCI from 0.1ppm to a larger value, whether less number of SSBs processing is needed before PO  so that power saving can be achieved. On the other hand, CFO requirement of paging DCI can be kept at 0.1ppm, but TRS can be used before PO so that less number of SSBs can be processed, leading to power saving gain. MDR target in case of TRS may need to be met at larger CFO than 0.1ppm if it has to provide sync functionality. Moreover, companies could also report suitable CFO assumption for WUS if considered before PO. 
· For  Proposal 8, we think we could reuse performance metrics captured in TR 38.840. Also, third bullet “Applicability to reduced capability UEs” is not clear.  

	MediaTek
	For proposal 7, the reference SNR requirement should be clarified. It can based on a RAN4 test case without frequency error. For the robustness to frequency error, we should take into account that at least on SS burst can be utilized for initial frequency compensation since serving cell measurement over SSB is needed. In this regard, [0.1] ppm residue frequency offset w.r.t. a targeted carrier center frequency is suggested.

For proposal 8, we also agree inclusion of specification impact and impact to legacy Rel-15 and Rel-16 UEs as part of the performance metric.

	TCL
	We are fine with the proposals.

	Qualcomm
	Regarding proposal 7, it is not clear whether the efforts is worthwhile given Rel-17 power saving assumption has only one TU unless some drastic change is proposed by companies.
For proposal 8, since Rel-17 RedCap UE SI has its own power saving study. The third bullet needs not to be mandatory. Companies can present results for RedCap UEs but the results should not be used to judge a power saving technique.

	CATT
	We are OK with the performance matrix of Proposal 8.  We need to consider the assumption of network miss-paging probability, where network paging strategy in the registration area does not page the UE at the right cell at each paging occasion.   

	Lenovo, Motorola Mobility
	Regarding proposal 7, we don’ think [0.5] ppm frequency error and 60 km/h assumption properly represent main use cases for power saving features, e.g. industrial sensors, stationary/low mobility UEs. 0-3 km/h and +/- 0.1 ppm of non-initial acquisition should be considered. 


From Table 7, the following proposals are suggested:

[bookmark: _Ref49989052]Proposal 7 (Agreements):
For the study on paging enhancements, the following LLS assumptions are considered.
1. For investigating the residual frequency error after one or multiple SS burst processing, at least -6 dB SNR should be considered
	Parameters
	Values
	Note

	Carrier Frequency
	4GHz (FR1)
	

	Transmission BW
	20MHz (FR1)
	

	Antenna Configuration
	1/2TX and 2/4 RX
	Companies to report

	Channels
	TDL-C or CDL-C
300 ns delay spread
100 Hz Doppler shift
	

	Frequency error
	Uniform distribution in the range [-X, +X]ppm

Companies to report the utilized X value(s) with justification
	Modelled at the input of the considered paging channel/early indication design(s)

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6
	Companies to report additional setting(s), e.g., CORESET duration, etc.

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	Companies to report additional setting(s), e.g., other TB scaling factor, other DMRS type(s), etc.

	Paging early indication design(s)
	Companies to report
	



[bookmark: _Ref48888514][bookmark: _Ref49989070]Proposal 8 (Agreements): 
For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain (relative to a given feature or overall)
·  Impact to UE paging detection probability 
·  FFS: Link level simulation assumptions
· System impact, including 
· Additional resource overhead and its implications
· Impact to Rel-15/Rel-16 idle/inactive-mode UEs and connected-mode UEs
· Impact to other legacy functionalities, including SI change and ETWS indication
· [Note: NW energy consumption evaluation is not precluded]


Potential Paging Enhancements 
According to companies’ contributions, the high power consumption for idle/inactive mode UE is caused by two main reasons. One is unnecessary pre-wakeup for AGC and/or time/frequency tracking to prepare paging PDCCH/PDSCH decoding, the other is unnecessary PDSCH processing due to paging false alarm. To effectively save UE power, the paging enhancement for power saving can consider two directions: (1) reduce UE wake-up energy overhead, and (2) reduce PDSCH processing. More details are provided in Section 3.1 and 3.2.

[bookmark: _Ref48730847]Reduce wake-up energy overhead
There are 16 out of 22 companies proposing early indication before a paging occasion (PO) to indicate UE whether to receive paging data in the upcoming PO. Without early indication, in order to decode PDSCH successfully, UE needs to receive multiple SS burst for AGC and time/frequency tracking before PO. And due to the distributive SS bursts, UE needs to wake up multiple times before PO. The high wake-up energy overhead results in UE power consumption waste if the UE is not paged. This method can effectively save UE power by allowing UE to save unnecessary SSB processing if there is no need to receive paging data.

From the summary, we can further identify proponents and the sub-categories for the enhancement:
· New indication before PO: Huawei/HiSilicon, vivo, ZTE, MediaTek, CATT, TCL communication, Intel, Motorola, OPPO, Samsung, CMCC, Spreadtrum, LG, Apple, InterDigital, NTT DOCOMO
· DCI-based indication: Huawei/HiSilicon, CATT, LG
· Reuse DCI format 1_0 or 2_6
· New DCI format
· RS-based indication, e.g., based on TRS/CSI-RS or SSS: vivo, CATT, TCL communication, Samsung, Spreadtrum, InterDigital


Table 8: Contribution summary and proposals
	Company 
	Proposals

	Huawei, HiSilicon 
	Observation 3: Early transmitted paging information before PO provides the benefit to reduce state transition from/to additional light sleep and extend the time in deep sleep.

Proposal 5: Introduce early transmitted paging DCI to resolve the issue of unnecessary pre-wake-up and state transitions from/to light sleep causing power consumption waste.
Proposal 6: Further discuss which information in paging DCI needs to be informed in an early transmitted paging DCI before the PO.


	vivo
	[bookmark: _Ref47348148]Observation 4: By configuring WUS before PO reception, up to 21.6%~29.2% power saving gain in Low SINR case and 1.2%~11.2% gain in High SINR case can be achieved. 
[bookmark: _Ref47348149]Observation 5: For Low SINR UEs, sequence based WUS has more benefits than PDCCH based WUS from power consumption perspective.
Observation 6: There is no power saving benefit by PDCCH based WUS for High SINR UEs. 
[bookmark: _Ref47348153]Observation 7: Sequence based WUS scheme has the most power saving gain compared with other paging enhancement schemes.
[bookmark: _Ref47348177]Proposal 5: Sequence based WUS before PO reception should be supported for paging enhancement.


	ZTE 
	Observation 1: To improve UE power efficiency in RRC idle/inactive state, if the number of processed SSB is decreased in addition to reduction of paging reception, the proportion of deep sleep will be increased and large power saving gain will be achieved.
Observation 2: The unnecessary reception of paging DCI and message contributes to UE power consumption.
Observation 3: A signal/channel-based paging indication before PO can reduce the unnecessary paging reception.
Observation 4: A paging indication carried by a paging DCI can be used to reduce the unnecessary paging reception.
Observation 6: In the scenario of high SINR, the paging indication before PO can derive about 3.2% power saving gain, and the paging indication within a paging DCI can derive about 3.9% power saving gain. Further, combination of paging indication and UE grouping can derive  about 3.9%-4.5% power saving gain.
Observation 7: In the scenario of low SINR, the paging indication before PO can derive about 21.4% power saving gain, and the paging indication within a paging DCI can derive about 29.0% power saving gain. Further, the combination of paging indication and UE grouping can derive about 23.4% - 31.7% power saving gain.

Proposal 6: The techniques that can reduce paging reception and number of SSB processing can be considered in power saving enhancement for RRC idle/inactive state UE. 
Proposal 7: The paging enhancement schemes such as paging indication and UE sub-grouping can be considered for RRC Idle/Inactive state UEs.


	MediaTek
	[bookmark: _Ref47711994]Observation 4: Compared to UE subgrouping-only, PEI can allow UE to skip unnecessary SSB processing and PDCCH decoding if there is no UEs monitoring the same PO to be paged. Therefore, it can bring more significant power saving gains than UE subgrouping-only. 
[bookmark: _Ref47712002]Proposal 12: Introduce paging early indication (PEI) before PO for idle/inactive mode power saving.
· PEI indicates UE whether to decode paging PDCCH/PDSCH in the PO
· PEI should be located near SS bursts to reduce UE wakeup overhead
· FFS PEI with UE subgrouping
[bookmark: _Ref47712037]Proposal 13: Due to the limited time of WI and large specification efforts, new signal/channel design for paging early indication(s) is not supported in Rel-17.

[bookmark: _Ref47712042]Proposal 14: FFS the following existing signal/channel for paging early indication.
· PDCCH channel
· Existing RS, e.g., SSS and TRS/CSI-RS


	CATT
	Observation 1: Power saving gain is very limited for the paging indication carried within paging DCI. 
Observation 2: TRS/CSI-RS assisted PDCCH-based paging indication can obtain 11.87%~38.44% power saving gain compared with Rel-16 paging procedure.
Observation 3: Sequence-based paging indication can obtain 12.44%~40.36% power saving gain compared with Rel-16 paging procedure.

Proposal 1: Power saving signal as the paging indication should be applied to indicate paging reception for IDLE/Inactive mode UE.
Proposal 2: If PDCCH-based power saving signal/channel is considered for paging enhancement for UE in IDLE/Inactive mode, DCI format 2_6 with CRC scrambled by PS-RNTI could be reused for paging reception. 
Proposal 3: The sequence-based paging indication should be supported in Rel-17 for UE in IDLE/Inactive mode for UE power saving.

	TCL 
	Proposal 1: Consider a sequence-based wake-up signal (WUS)
Proposal 2: Consider reusing/adapting the design of group-WUS for LTE-MTC/NB-IoT.

Observation 1: In beam-based transmission, the paging occasion must be repeated in all beams to ensure reception at the UE.

Proposal 3: WUS must be transmitted in a burst-like fashion like SS/PBCH bursts.

	Intel
	Observation 1: For idle/inactive mode operation, sensitivity to CFO and timing error are critical factors for consideration while evaluating signal detection.
Observation 2: PDCCH detection works well at 0.1ppm but deteriorates beyond 0.1ppm. At 1ppm, PDCCH MDR is close to 1. 
Observation 3: CFO compensation based on PDCCH detection may not always be feasible.
Observation 4: One potential way to save power would be to reduce the number of SSBs necessary, if possible, that need to be processed before detecting the paging DCI, i.e., shorten the preparation time.
Observation 5: TRS and SSS-based sequence detection performance seems to degrade as CFO is increased from 0.1ppm, but sensitivity to higher CFO seem to be less compared to PDCCH at least up to 1ppm.
Observations 6: Sequence based WUS can be designed with multiple non-contiguous symbols in a slot so that CFO can be compensated. If WUS can also aid in tracking, preparation time can be reduced so that paging DCI can still be detected with low CFO sensitivity and consequently, it may lead to increased power saving gain.

Proposal 1: At least CFO sensitivity should be taken into account for evaluating different candidates for WUS
· FFS: timing error
Proposal 2: RAN1 to consider CFO compensation as part of evaluation of signal detection, wherever applicable.
Proposal 3: Power consumption analysis should take into account the preparation time prior to detecting the paging DCI, in addition to duration of WUS, if introduced, and PO
· This includes but not limited to number of SSBs monitored during the preparation time.
· RAN1 discusses # suitable length of preparation time for evaluation purpose.
Proposal 4: Further study whether WUS can be used for tracking purpose as well, so that preparation time for fine tracking before PO can be shorter


	Lenovo, Motorola 
	Observation 1: For an idle or inactive UE, before monitoring paging DCI, the UE may have to perform measurements on at least one SSB of a camped cell in order to select a suitable SSB and determine a paging DCI monitoring occasion corresponding to the selected SSB.
Observation 2: An indication from gNB to skip monitoring of paging DCI and/or decoding of a paging message not intended to a UE may be beneficial for UE power saving.
Observation 3: For a UE with delay-tolerant application, a network can delay paging the UE and accordingly, the UE can skip monitoring paging DCI over a certain number of DRX cycles based on gNB’s indication for power saving. 
Proposal 1: RAN1 further study Paging Power Saving (PPS)-PDCCH indicating whether UE should monitor paging DCI in a given paging cycle.

	OPPO 
	Observation 1: If DCI based power saving signal is considered for idle/inactive-mode UE, only PDCCH CSS set can be used. 
Observation 2: DCI based power saving signal for idle/inactive-mode UE has no backward compatibility issue. 
Observation 3: The performance of sequence is good enough to be used as power saving signal.  
Observation 4: Backward compatibility is main issue to define the resource for sequence based power saving signal.
Observation 5: Power saving gain is an important issue to be considered when designing power saving signal.
Observation 6: Paging procedure enhancements are mainly RAN2 issues. The power saving signal design may have impacts on the paging procedure enhancements.

	Samsung
	Observation #1: There is trade-off between detection performance (reliability) and additional power consumption on monitoring/reception for sequence based I-WUS and PDCCH based I-WUS.
Observation #4: Paging enhancement of sequence based I-WUS achieves remarkable power saving gain for both cell-center and cell-edge UEs.
Observation #5: Paging enhancement of DCI based I-WUS achieves less power saving gain for cell-edge UEs due to synchronization overhead.
Observation #6: Paging enhancement of DCI based I-WUS achieves less power saving gain than sequence based I-WUS due to synchronization overhead. 

Proposal #1: Support power saving signal/channel for indication of paging reception in idle/inactive mode.

	CMCC
	Proposal 2. The UE group paging mechanism should be supported in NR to reduce unnecessary paging reception, which gNB transmitting signalling to indicate which UE groups in one PO should receive paging.
Proposal 3. UE-ID based grouping and paging probability based grouping can all be supported in NR UE group paging mechanism.
Proposal 4. The signalling design of paging group indication to indicate which UE group(s) to monitor PO or receive paging PDSCH can be further studied as the following, and Alt 3 can be as high priory:
· Alt 1. Sequence based;
· Alt 2. New PDCCH based;
· Alt 3. Enhanced current paging DCI.

	Spreadtrum
	Proposal 2: Consider to study the paging indication.
Proposal 3: Consider to study the sequence-based wakeup signal with low transition energy in idle mode.

	LG
	Proposal 1: To reduce unnecessary UE paging receptions, method for indicating UE group before PDSCH containing paging message should be considered. 
Proposal 2: Consider DCI based UE group indication for idle/inactive mode UE.
Proposal 3: Consider introducing DCI based wake up channel which conveys UE group indication.

	Apple
	Proposal: Consider the following options for paging enhancements for idle/inactive-mode UEs:
· Option 1: UE grouping within a PO
· Option 2: cross-slot scheduling for paging PDSCH
· Option 3: wake-up signal for a PO

	InterDigital 
	Proposal 1: Sequence based paging indication is considered for idle/inactive mode UEs.


	NTT DOCOMO
	Observation 1: Strive to introduce the power saving schemes used widely considering the trade-off between power saving gain and system impact/implementation cost. 
Observation 2: The trade-off between power saving gain and system impact/implementation cost should be considered for the signal design if WUS-like scheme is introduced.
Proposal 1: For reduction of unnecessary paging reception, following options can be considered.
· Option1: WUS-like scheme
· FFS: sequence-based WUS or PDCCH-based WUS
· Option2: Reduce the number of UEs per a paging occasion
· FFS: how to avoid impact on legacy UEs




By the above, the following proposal is suggested:

[bookmark: _Ref48769284]Initial Proposal 9: For Rel-17 paging enhancement, study new indication before PO to indicate UE whether to receive paging data in the upcoming PO. Potential candidate include
· DCI-based indication, e.g., based on
· Extending existing DCI format 1_0 or 2_6
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS


Companies are encouraged to provide views for Proposal 9 in Table 9:

[bookmark: _Ref48769348][bookmark: _Ref48769337]Table 9: Companies’ comments for initial Proposal 9
	Company
	Comments

	Xiaomi
	First,we would like to show our support for new indication before PO, which is basically like WUS in idle mode.TRS/CSI-RS can be a potential solution for idle WUS, since we have already decided to introduce TRS/CSI-RS in idle mode。

	Apple
	Support the proposal

	Samsung
	As there seems to be sufficient support for introducing the indication, it may be worth considering to somewhat expedite progress. If there are concerns, we can fall back to “study”. A wording change as follows is suggested: 

Proposal 9: For Rel-17 paging enhancement, study support a new indication before PO to indicate UE whether to receive paging data in associated with the upcoming PO. Potential candidate indication methods include
· DCI-based indication, e.g., based on
· Extending existing DCI format 1_0 or 2_6
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS


	Ericsson
	First sentence should be rephrased to “For the study on paging enhancements to reduce unnecessary paging reception, evaluate new indication……”

	CMCC
	Support the proposal.

	Vivo
	OK

	OPPO
	Support the proposal.

	Huawei, HiSilicon
	Fine in principle.


	SONY
	We support the proposals.

	DOCOMO
	We are generally fine with the proposal. Since other solutions should not be precluded, the proposal should be “For Rel-17 paging enhancement, at least study …”.

	ZTE
	Firstly, we support that a new indication before PO can be studied. The indication can work similarly as the wake-up signal (WUS) in MTC or similarly as DCI 2_6 for the RRC Connected state UE. That is, both the signal-based paging indication and channel-based indication can be considered. 
Besides, if the bits in the paging DCI indicates whether the UE has a paging data in the next paging cycle, it can also bring a large power saving gain according to the simulation in our Tdoc. So, using paging DCI to indicate UE whether to receive paging data in the next paging cycle should be considered. 
To sum up, we propose to revise proposal 9 as:
Proposal 9: For Rel-17 paging enhancement, study new indication before/within PO to indicate UE whether to receive paging data in the upcoming/next PO. Potential candidate include
· DCI-based indication, e.g., based on
· Extending existing DCI format 1_0 or 2_6
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS


	Nokia
	We are fine to evaluate these enhancements. However, it would be good to note that RAN2 should be allowed to discuss and determine the requirements (and need) for any specific paging enhancements, thus RAN1 cannot really conclude on this. RAN2 may agree to other enhancements which may affect the RAN1 evaluations. In addition, when evaluating these it would be good if companies would, like noted in Proposal 8, consider the system overhead impact. Also if RS or sequence based is considered for additional FD/TD tracking it would be good to clarify the required RS/sequence properties e.g. in terms of mapping to multiple symbols.

	InterDigital
	We support the proposal.

	Panasonic
	Support the proposal.

	LG
	We would like to change the main bullet as follow: 

Proposal 9: For Rel-17 paging enhancement, study new indication before PO to indicate UE whether to receive paging data in monitor PDCCH scrambled with P-RNTI at the upcoming PO. Potential candidate include

	Intel
	Proposal seems fine, except we think that paging data should be revised to paging related control and /or data, . It should be captured that potential candidates should be evaluated, for a given MDR, CFO target, and applicable channel model.

	MediaTek
	We support the proposal. Regarding how RAN1 and RAN2 cooperate in evaluating and deciding the potential paging enhancements, we think RAN1 can focus on physical layer feasibility, such as justifying the signal/channel that can really reduce UE processing operations and investigating the system impact. The study results should also be sent to RAN2 for the overall decision on Rel-17 paging enhancement(s).

	TCL
	We support the proposal.

	Qualcomm
	We support to study early paging indication. Since there are many candidate solutions based on existing signals/channels, it would be reasonable to assume that the early paging indication is based on exiting signals/channels.

	CATT
	We are OK of studying paging indication in proposal 11

	Lenovo, Motorola Mobility
	Similar to LG’s suggestion, we think more precise wording is:  
For Rel-17 paging enhancement, study new indication before PO to indicate UE whether to monitor paging DCI (i.e. monitor PDCCH with CRC scrambled with P-RNTI) in the upcoming PO. Potential candidate include
· DCI-based indication, e.g., based on
· Extending existing DCI format 1_0 or 2_6
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS


	
	


[bookmark: _Ref48730851]

Reduce PDSCH processing
There are 14 out of 22 companies propose to consider UE subgrouping for power saving. Since paging PDCCH is for a group of UEs, it is possible that a UE decodes paging PDCCH/PDSCH but finds itself is not paged, i.e., paging false alarm. Further dividing UEs monitoring the same PO into subgroups can reduce the paging false alarm rate and avoid unnecessary PDSCH decoding. On the other hand, 3 companies also propose to consider cross-slot scheduling for PDCCH with CRC scrambled by P-RNTI to further relax the PDSCH processing time. 

The candidate schemes for reduce PDSCH processing and the corresponding proponents are listed below:

· UE subgrouping: Huawei/HiSilicon, vivo, ZTE, Sony, MediaTek, Xiaomi, Samsung, CMCC, Spreadtrum, LG, Apple, InterDigital, NTT DOCOMO, Qualcomm
· Legacy paging indication
· Multiple P-RNTI: Qualcomm
· Bits in paging DCI to indicate subgrouping: Huawei/HiSilicon, Qualcomm
· New indication
· Dedicated information: Huawei/HiSilicon, vivo, MediaTek
· Frequency-domain subgrouping, e.g. different CORESETs for PO monitoring: Samsung, Spreadtrum
· Option 2: Cross-slot scheduling for paging: Panasonic, Apple, Qualcomm

Table 10: Contribution summary and proposals
	Company 
	Proposals

	Huawei, HiSilicon 
	Proposal 7: Support UE sub-grouping to increase the power saving gain, which can be indicated in early transmitted paging information and/or paging DCI.


	vivo
	Observation 3: The power saving gain is marginal by configuring the group paging indication in legacy paging PDCCH.
Proposal 4: UE grouping indication for sequence based WUS and PDCCH based WUS should be studied and evaluated.

	ZTE
	Observation 5: UE sub-grouping may reduce unnecessary paging reception for UE.
Observation 6: In the scenario of high SINR, the paging indication before PO can derive about 3.2% power saving gain, and the paging indication within a paging DCI can derive about 3.9% power saving gain. Further, combination of paging indication and UE grouping can derive  about 3.9%-4.5% power saving gain.
Observation 7: In the scenario of low SINR, the paging indication before PO can derive about 21.4% power saving gain, and the paging indication within a paging DCI can derive about 29.0% power saving gain. Further, the combination of paging indication and UE grouping can derive about 23.4% - 31.7% power saving gain.

Proposal 6: The techniques that can reduce paging reception and number of SSB processing can be considered in power saving enhancement for RRC idle/inactive state UE. 
Proposal 7: The paging enhancement schemes such as paging indication and UE sub-grouping can be considered for RRC Idle/Inactive state UEs.

	Sony
	Proposal 1 – The design of paging enhancements shall consider UE energy consumption reduction, network overhead, and design complexity.  
Proposal 2 – Support paging enhancement with UE grouping mechanism.  
Proposal 3 – RAN1 studies solutions to mitigate overhearing cost due to missed paging by UEs.  

	MediaTek
	Observation 4: Compared to UE subgrouping-only, PEI can allow UE to skip unnecessary SSB processing and PDCCH decoding if there is no UEs monitoring the same PO to be paged. Therefore, it can bring more significant power saving gains than UE subgrouping-only. 
Proposal 12: Introduce paging early indication (PEI) before PO for idle/inactive mode power saving.
· PEI indicates UE whether to decode paging PDCCH/PDSCH in the PO
· PEI should be located near SS bursts to reduce UE wakeup overhead
· FFS PEI with UE subgrouping


	Xiaomi
	Proposal 1: Any enhancements for paging should not impact legacy UEs
Proposal 2: Maximum numbers of PO can be increased to reduce false alarm rate for paging.
Proposal 3: UE grouping methods within a PO should be studied further.
Proposal 4: Methods to solve paging capacity problem should be further studied if longer paging DRX cycles will be implemented.
Proposal 5: Search space reducing should be studied to reduce power consumption for paging.

	Samsung
	Observation #3: NR Rel-16 supports UE grouping or distribution for paging monitoring in the time domain, but not in the frequency domain.
Observation #7: Paging enhancement of UE sub-grouping achieve about 1% power saving gain.

Proposal #2: Support UE sub-grouping for paging monitoring in frequency domain.

	CMCC
	Proposal 2. The UE group paging mechanism should be supported in NR to reduce unnecessary paging reception, which gNB transmitting signalling to indicate which UE groups in one PO should receive paging.
Proposal 3. UE-ID based grouping and paging probability based grouping can all be supported in NR UE group paging mechanism.


	Spreadtrum 
	Proposal 1: Consider to study the resource based paging group refining.


	LG
	Proposal 1: To reduce unnecessary UE paging receptions, method for indicating UE group before PDSCH containing paging message should be considered. 
Proposal 2: Consider DCI based UE group indication for idle/inactive mode UE.
Proposal 3: Consider introducing DCI based wake up channel which conveys UE group indication.

	Panasonic
	Proposal 1: Cross-slot scheduling for paging should be studied for Rel.17 power saving enhancement. The compatibility with lower release UE should also be studied.

	Apple
	Proposal: Consider the following options for paging enhancements for idle/inactive-mode UEs:
· Option 1: UE grouping within a PO
· Option 2: cross-slot scheduling for paging PDSCH
· Option 3: wake-up signal for a PO

	InterDigital 
	Proposal 2: Methods to reduce false alarm rate should be studied.


	NTT DOCOMO
	Proposal 1: For reduction of unnecessary paging reception, following options can be considered.
· Option1: WUS-like scheme
· FFS: sequence-based WUS or PDCCH-based WUS
· Option2: Reduce the number of UEs per a paging occasion
· FFS: how to avoid impact on legacy UEs


	Ericsson 
	[bookmark: _Toc47728657]Proposal 1   RAN1 should evaluate the additional power savings achieved by skipping PDSCH decoding and receiving only PDCCH for paging reception.
[bookmark: _Toc47728658]Proposal 2   RAN1 should evaluate the power savings gain vs. system impact of potential paging enhancements.

	Qualcomm 
	[bookmark: _Toc47514387][bookmark: p2]Proposal 2: To alleviate unnecessary paging reception, associate UEs that share the same paging occasion with multiple UE groups based on
· Option 1 - Multiple P-RNTIs
· Option 2 - Additional grouping information included in the content (i.e., reserved bits, Short Message field) of paging DCI
[bookmark: _Toc47514388][bookmark: p3]Proposal 3: The reserved bits field and Short Message field of the paging PDCCH can be used to indicate the paged UE groups
· If Short Message Indicator is not 00 or 01, use reserved bits to indicate the paged UE groups in the PO
· If Short Message Indicator is 00 or 01, use additional bits to further indicate which sub-groups within a UE group indicated by the reserved bits field are paged in the PO.
[bookmark: _Toc47514389][bookmark: p4]Proposal 4: The set of P-RNTIs can be provided in a SIB or defined in specifications. The UE is associated with a group and the corresponding P-RNTI based on the UE’s ID.
[bookmark: _Toc47514390][bookmark: p5]Proposal 5: Network adopts cross-slot scheduling for the PDCCH CRC scrambled by P-RNTI for the scheduling of paging PDSCH.


	Nokia 
	Observation: Applying extended DRX for RRC Inactive and/or Idle could be considered to reduce the paging monitoring power consumption.
Observation: Possible merits of paging monitoring triggering channel/signal to reduce paging monitoring power consumption through reduced wake-up’s could be evaluated.
Observation: Method to reduce the unnecessary paging message reception could be evaluated for power saving.




Based on the summary, the following proposals are suggested:
[bookmark: _Ref48770186]Initial Proposal 10: For Rel-17 paging enhancement, study the following the candidate schemes for reduced PDSCH processing:
· UE subgrouping based on, e.g., 
· Legacy paging indication
· Multiple P-RNTI
· Bits in paging DCI to indicate subgrouping
· New indication
· Dedicated information
· Frequency-domain subgrouping, e.g. different CORESETs for PO monitoring
· Cross-slot scheduling for paging

Initial Proposal 11: Send LS to RAN2 for informing the potential paging enhancements in Proposal 9and Proposal 10 to be studied in RAN1

Companies are encouraged to provide views for Proposals 10 and 11 in Table 11:

[bookmark: _Ref48770168][bookmark: _GoBack]Table 11: Companies’ comments for initial Proposals 10 and 11
	Company
	Comments

	Xiaomi
	Besides reducing PDSCH processing, reducing paging DCI search space so as to reduce blind decoding can also be a possible way to save power.  For example, when search space #0 for paging crosses PDCCH monitoring occasions on multiple slots, we can restrict paging DCI in certain slots among them to reduce blind decoding. 
We propose to add reducing paging DCI search space as a subbullet in Proposal 10.

	Apple
	We support the proposals.
We would like to clarify one point: is the intention of Proposal 9/10 to be the complete list for the enhancement schemes to be studied, or companies may still be allowed to bring new proposals?

	Samsung 
	Since there is a clear majority of companies supporting UE subgrouping, we should prioritize it over cross-slot scheduling. We suggest to have a proposal for UE subgrouping first, and capture only the high level ideas for the candidate schemes. The description of “legacy” or “new” may not be accurate, since in some sense they are all “new”.  

We suggest the following updates for proposal 10:
Proposal 10: For Rel-17 paging enhancement, study support UE subgrouping for paging monitoring and reception, including the following candidate schemes:
· Multiple P-RNTI
· Bits in paging DCI to indicate subgrouping
· Dedicated information
· Multiple POs in frequency-domain 

In our view, cross-slot scheduling for paging is not related to reduced PDSCH processing.

We are OK with Proposal 11. 


	Ericsson
	P10 - Should be rephrased to “For the study on paging enhancements to reduce unnecessary paging, study the following ……”  
Given cross-slot scheduling is also possible for paging already (through TDRA table configuration), why would it be considered an enhancement? Perhaps some clarification would be helpful on what is intended.

	CMCC
	We support UE subgrouping has high priority than cross-slot scheduling.
It is noted that only same-slot scheduling is supported in default TDRA table, the introduction of cross-slot scheduling for paging PDSCH may cause coexistence issue with legacy UE.

	vivo
	Based on our results in R1-205388, UE subgrouping based on legacy indication has marginal power saving gain. For cross-slot scheduling for paging, only the PDSCH buffering is reduced, however, UE is still need to perform wake-up and SSB measurement etc. It is expected to have less power saving gain.
In order to progress, we would like to set ‘UE subgrouping based on legacy indication’ and  ‘cross-slot scheduling for paging’ as Medium/low prioritize compared to proposal 9.

	OPPO
	Subgrouping can be realized in both time and frequency domain.

	Huawei, HiSilicon
	Fine in principle.

	SONY
	We support the proposals.

	DOCOMO
	UE subgrouping should be higher priority than cross-slot scheduling. For cross-slot scheduling, some clarification would be needed, e.g., benefit, impact on legacy UE.
Also, similarly as our comment for proposal 9, it should be “For Rel-17 paging enhancement, at least study …”.

	ZTE
	In general, we are fine with the proposal. 
“Dedicated information” should be clarified.

	Nokia
	We think that support of sub-grouping is more of a RAN2 discussion. While it may be OK to account these in RAN1 evaluations, we think that in the end decision for need on these should be in RAN2. Also, the choice of the scheme for indicating paging presence for a UE before PO (Proposal 9) may impact the choice/need for the scheme for indicating the targeted UE group at PO (Proposal 10). So it may make sense to evaluate these schemes also jointly. In this spirit, we might want to consider also having the grouping information as a part of the paging indication, if any. Like noted, the need itself, should be under RAN2, while RAN1 could then consider mechanisms to support it.
Furthermore, it is not very clear what is meant by dedicated information, is this to refer to UE specific signaling?
In addition, one detailed aspect in relation to cross-slot scheduling. It is not currently mandatory for UE to support K0>0 except for the special cases, where K0=1 is to be supported (FG#5-1). Hence, network cannot assume paging to be cross-slot scheduled by default i.e. independent paging is needed. Same applies of course to CORESET based multiplexing. 
On proposal 11, like noted, it is probably sufficient that RAN1 provides the evaluation assumptions for RAN2, and allows RAN2 to carry out their own evaluation.


	InterDigital
	We are fine with the proposal and agree that cross-slot scheduling can be lower priority.

	Panasonic
	We are supportive on the proposals.

	LG
	We prefer to focus on UE subgrouping indication in proposal 10. 
Beside proposal 9 and 10, we would like to clarify that other potential information or schemes for paging enhancement can be further studied.

	Intel
	Other options not precluded should be added. Also, under New indication, please list indication before PO, which can be used to indicate UE sub-group. Such as follows:


· New indication
· physical layer signal/channel before PO, e.g., Paging Indication before PO, i.e., same signal considered in Proposal


	MediaTek
	We are supportive to the proposals. Regarding the candidate schemes for carrying the sub-grouping information, Samsung’s proposal looks good. If desiring to include the feasibility of combing new indication before PO,
Proposal 10 : For Rel-17 paging enhancement, study support UE subgrouping for paging monitoring and reception, including the following candidate schemes:
· Multiple P-RNTI
· Bits in paging DCI to indicate subgrouping
· Dedicated information in new indication before PO
· Multiple POs in frequency-domain 

For cross-slot scheduling, it will not be able to save UE wake-ups for synchronization if there cannot guaranteed another synchronization resource between PDCCH and PDSCH. But keeping it in the list for proponents to provide justification is fine.

	TCL 
	In general, we support UE subgrouping and cross-slot scheduling. However, UE subgrouping should be considered together with the potential PI before PO. For instance, a sequence-based PI can already be group-specific and the benefits of a subsequent additional UE grouping need to be evaluated.

	Qualcomm
	We agree with proposal 10 and 11. Similar to proposal 9, it is preferable to prioritize existing paging indication if possible. It is also understood that the boundary between methods based on legacy and new indication could be blurry.

	CATT
	We are OK to study the PDSCH power saving.   However, we need to define the baseline power PDSCH consumption in Rel-16 for comparison.   

	Lenovo, Motorola Mobility
	Fine with the proposals in principle.



With Table 9 and Table 11, finally the following merged proposal is suggested:

[bookmark: _Ref49989097]Proposal 9 (Agreements):
For potential paging enhancements, RAN1 to study the following candidate schemes:
1. Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
0. DCI-based indication, e.g., based on 
0. Extending existing DCI format 1_0 or 2_6 
0. New DCI format
0. RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
1. Sub-grouping for paging, based on 
1. Legacy paging DCI
1. Paging early indication
1. Additional reception occasions in time/frequency domain
1. Multiple P-RNTIs
1. Cross-slot scheduling for paging PDSCH
1. Other proposal is not precluded


Summary 
In this contribution, the discussion, proposals and agreements for the evaluation methodology and candidate schemes for Rel-17 paging enhancement are captured. In particular, we have the following agreements:

Proposal 1 (Agreements):
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode
1. FFS: FR2 power consumption model for idle/inactive mode operations
	1. Power State
	Relative Power
(FR1 reference from TR 8438.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	·        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
·        200 (combined search and measurement; Pintra, search+meas)
	·        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
·        [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Proposal 2 (Agreements):
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second 
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered

Proposal 3 (Agreements):
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification

Proposal 5 (Agreements):
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO

Proposal 6 (Agreements):
Send a LS with for evaluation methodology updates related to paging enhancement(s) to RAN2
1. Draft LS in R1-2007355, which is endorsed, with final LS in R1-2007356 -> (typo fix) R1-2007425


Proposal 7 (Agreements):
For the study on paging enhancements, the following LLS assumptions are considered.
1. For investigating the residual frequency error after one or multiple SS burst processing, at least -6 dB SNR should be considered
	Parameters
	Values
	Note

	Carrier Frequency
	4GHz (FR1)
	

	Transmission BW
	20MHz (FR1)
	

	Antenna Configuration
	1/2TX and 2/4 RX
	Companies to report

	Channels
	TDL-C or CDL-C
300 ns delay spread
100 Hz Doppler shift
	

	Frequency error
	Uniform distribution in the range [-X, +X]ppm

Companies to report the utilized X value(s) with justification
	Modelled at the input of the considered paging channel/early indication design(s)

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6
	Companies to report additional setting(s), e.g., CORESET duration, etc.

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	Companies to report additional setting(s), e.g., other TB scaling factor, other DMRS type(s), etc.

	Paging early indication design(s)
	Companies to report
	




Proposal 8 (Agreements):
For the study on paging enhancements to reduce unnecessary paging reception, the following metrics are considered:
· UE power saving gain (relative to a given feature or overall)
·  Impact to UE paging detection probability 
·  FFS: Link level simulation assumptions
· System impact, including 
· Additional resource overhead and its implications
· Impact to Rel-15/Rel-16 idle/inactive-mode UEs and connected-mode UEs
· Impact to other legacy functionalities, including SI change and ETWS indication
· [Note: NW energy consumption evaluation is not precluded]

Proposal 9 (Agreements):
For potential paging enhancements, RAN1 to study the following candidate schemes:
1. Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
4. DCI-based indication, e.g., based on 
0. Extending existing DCI format 1_0 or 2_6 
0. New DCI format
4. RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
1. Sub-grouping for paging, based on 
5. Legacy paging DCI
5. Paging early indication
5. Additional reception occasions in time/frequency domain
5. Multiple P-RNTIs
1. Cross-slot scheduling for paging PDSCH
1. Other proposal is not precluded


The following proposal is suggested for the calculation of average power consumption over an idle DRX cycle. Majority companies look fine with it, but it is not agreed due to no full consensus. Nevertheless, the examples can be useful for companies to reference and derive their own UE processing timelines:

Proposal 4 (Information only):
For the estimation of average power consumption for idle/inactive mode UE over a paging cycle, the following example calculations for FR1 can be referenced. Companies to report the assumed UE processing timeline(s) with justification for the estimation of average power consumption.

1. Example 1: 3 SS bursts are utilized before PO (e.g. for low SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100Note1

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100 Note1

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note2 + Pintra, meas-only * (1 – [1/4] Note2) ) ) * 0.85Note3 * 2

	Light sleep
	8
	PLS * 8 + 100 Note1

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Light sleep
	6
	PLS * 6 + 100

	Switch to another frequency layer
	0.5
	PMS * 0.5

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4]Note2 
+ Pinter, meas-only * (1 – [1/4] Note2) ) * 5

	Switch back to serving frequency
	0.5
	PMS * 0.5

	Deep sleep
	1214 
	PDS * 1214 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 2: Cell search rate for intra/inter-frequency RRM measurement 
Note 3: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840



1. Example 2: 2 SS bursts are utilized before PO (e.g. for medium SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing 
	2
	PSSB * 2

	Light sleep
	18
	PLS * 18 + 100 Note1

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note2 + Pintra, meas-only * (1 – [1/4] Note2) ) ) * 0.85Note3 * 2

	Light sleep
	8
	PLS * 8 + 100 Note1

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Light sleep
	6
	PLS * 6 + 100

	Switch to another frequency layer
	0.5
	PMS * 0.5

	Inter-freq. RRM measurement
	5
	(Pinter, search-only * [1/4]Note2 
+ Pinter, meas-only * (1 – [1/4] Note2) ) * 5

	Switch back to serving frequency
	0.5
	PMS * 0.5

	Deep sleep
	1254 
	PDS * 1254 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 2: Cell search rate for intra/inter-frequency RRM measurement 
Note 3: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840



1. Example 3: 1 SS burst is utilized before PO (e.g. for high SNR)
	UE operations in a paging cycle
	Time duration (ms)
	Energy contribution
(relative power * ms)

	SSB processing and 
intra-frequency RRM measurement
	2
	(PSSB + (Pintra, search+meas * [1/4]Note1 + Pintra, meas-only * (1 – [1/4] Note1) ) ) * 0.85Note2 * 2

	Light sleep
	8
	PLS * 8 + 100 Note3

	PO reception
	4
	(PPDCCH * (1 – RG) +
PPDCCH+PDSCH * RGNote4) * 4

	Deep sleep
	1266
	PDS * 1266 + 450Note5

	(Total)
	1280
	Total Energy 

	Average power consumption = Total Energy / 1280

	Note 1: Cell search rate for intra/inter-frequency RRM measurement 
Note 2: Scaling convention to combine two different types of UE operations as in Section 8.1.3 of TR 38.840
Note 3: Additional transition energy (relative power * ms) for light sleep as specified in Table 19 of TR 38.840
Note 4: RG is the paging rate to the UE group
Note 5: Additional transition energy (relative power * ms) for deep sleep as specified in Table 19 of TR 38.840



Finally, for the detailed log of the email discussion, companies can directly search prefix of “[102-e-NR-UE_pow_sav_enh-01]” in the following pages of the email discussion server:
August 2020, Week 4
August 2020, Week 4
August 2020, Week 4
August 2020, Week 3
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Introduction


 


For Rel


-


17 paging enhancement, the summary is for discussing the following two aspects:


 


·


 


Evaluation Assumption


 


·


 


Potential Page Enhancements


 


 


To facilitate the decision, the following phases 


for email discussion 


are to be suggest


ed:


 


o


 


Phase I (due 20


th


 


Aug 3 am PST)


: Collection of companies views


 


o


 


Phase II (


20


th


 


Aug 


11


 


am PST 


–


 


2


4


th


 


Aug 


9


 


p


m PST


)


: Convergence


 


on high priority proposals 


related to evaluation assumptions 


 


o


 


Phase III (2


5


th


 


Aug 


4


 


am PST 


–


 


26


th


 


Aug 


7


 


pm PST)


: Convergence on remaining proposals
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Evaluation Assumptions


 


In Rel


-


16, there establishes fundamental evaluation methodology in 


[1]


. For Rel


-


17 UE power saving 


enhancements, the evaluation methodology can be reused with few updates for better characterizing 


idle/inactive mode UEs. It is also noticed that Reduced Capability NR Devices should also be taken into 


account in Rel


-


17 UE powe


r saving enhancements 


[2]


.


 


 


From companies’ contributions 


[3]


 


-


 


[24]


, the following updates will be discussed further:


 


Section 2.1.


 


Power consumption model


 


Section 2.2.


 


UE Processing Timeline


 


Section 2.3.


 


Group Paging Rate


 


Section 2.4.


 


Performan


ce Metric


 


 


2.1


 


Power Consumption Model


 


For calculating UE power consumption, there require definition of power consumption value for each UE 


operation called “power state”. In 


[1]


, the power consumption values for the power states are defined with 


100 MHz reference BW. On the other hand, for paging monitoring in idle/inactivity mode, it suffices for UE 


to receive and process a narrow frequency span covering


 


CORESET 0 and SSB, and the typical frequency 


span is no larger than 20 MHz. For the same power consumption model to be applied to reduced capability 


UEs, scaling to 20MHz bandwidth is also necessary.


 


 


In 


Table 1


, there summarize companies’ proposals, and 9 out of 11 companies propose to scale the reference 


power consumption values of 100 MHz bandwidth to 20 MHz:
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