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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
By RAN1 #107bis-e, the design of power saving solutions for IDLE mode, i.e. paging indication and assistance TRS, is almost finished. To show the value and benefit of these technical solutions, in this contribution, we provide the corresponding power saving gain based on the agreed design.
[bookmark: _Ref70271314]Power saving gain for technical solutions in IDLE mode
[bookmark: _Ref95139885][bookmark: _Ref91065035]Assumptions for network configurations
To evaluate the power saving gain provided by Rel-17 paging enhancement features, the assumptions are summarized in Table 1 and Table 2. Two scenarios with different paging configurations but the same number of UEs are provided. The power consumption model is summarized in Table 3 and Rel-15 procedure is used as the baseline:
[bookmark: _Ref95139189]Table 1: Assumption of basic system configurations and UE procedures
	Parameter
	Value

	The periodicity of SSB
	20ms

	length of I-DRX cycle
	1.28s

	The number of actually transmitted SSBs within a SSB burst set (i.e. S)
	1 or 8

	The number of SSB burst sets to finish loop convergence NOTE1
	1, 2 or 3

	Inter-frequency RRM measurement per I-DRX cycle
	A SMTC window of 5ms

	Subcarrier spacing
	30kHz

	Per-UE paging rate
	1%

	Location of PO
	10ms after the start of the nearest SSB for the first PO in one PF


NOTE1: UE can use one TRS to replace one SSB for loop convergence if TRS is transmitted

[bookmark: _Ref95139196]Table 2: Assumption of configurations for PEI and TRS
	Parameter
	configuration for scenario 1
	configuration for scenario 2

	Number of PFs per I-DRX cycle, i.e. N
	T/2
	T/16

	Number of POs per PF, i.e. Ns
	1 
	4

	# of UE per PO
	11
	22

	Paging rate per PO
	10.47%
	19.84%

	POnumPerPEI
	1 -
	4

	subgroupsPerPO
	1 or 8

	Location of PEI-O
	Starts right after SS Burst with 1-slot gap or ends before PO (for PEI only case)

	Periodicity of TRS
	20ms

	Location of TRS NOTE2
	Ended before the first PO of PF with 1-slot gap


NOTE2: The TRS is assumed to be always transmitted, and the number of corresponding indication bit is 1.

[bookmark: _Ref95243950]Table 3 Power consumption model
	Power State
	Relative Power
(FR1 reference from TR 38.840)
	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)



Evaluation results
The evaluation results for the following three cases are summarized in Table 4, which are based on the assumptions in Section 2.1.
· Solution 1: PEI only
· Solution 2: TRS only
· Solution 3: PEI & TRS
[bookmark: _Ref95248949]Table 4 Power saving gain for Rel-17 paging enhancements
1) Power saving gain for Scenario 1 with 8 SSBs transmitted in a SS burst
	
	
	1 Sub-group per PO
	8 Sub-groups per PO
	

	Number of SS bursts required for loop tracking before the reception of paging PDSCH
	Perform inter-frequency neighbor cell measurement or not
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS
	TRS only

	1
	No
	11.75%
	4.81%
	11.75%
	14.58%
	6.69%
	14.58%
	N/A

	
	Yes
	3.93%
	1.55%
	3.93%
	5.59%
	2.78%
	5.59%
	N/A

	2
	No
	26.17%
	3.93%
	28.12%
	30.10%
	5.46%
	30.28%
	16.92%

	
	Yes
	16.86%
	1.32%
	18.45%
	19.59%
	2.37%
	19.74%
	13.80%

	3
	No
	36.00%
	3.32%
	37.65%
	40.79%
	4.61%
	40.94%
	8.73%

	
	Yes
	26.32%
	1.14%
	27.71%
	29.93%
	2.06%
	30.06%
	7.33%



2) Power saving gain for Scenario 1 with 1 SSB transmitted in a SS burst
	
	
	1 Sub-group per PO
	8 Sub-groups per PO
	

	Number of SS bursts required for loop tracking before the reception of paging PDSCH
	Perform inter-frequency neighbor cell measurement or not
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS
	TRS only

	1
	No
	9.21%
	0.31%
	9.21%
	10.47%
	0.57%
	10.47%
	N/A

	
	Yes
	2.57%
	-0.05%
	2.57%
	3.05%
	0.11%
	3.05%
	N/A

	2
	No
	25.02%
	0.25%
	26.97%
	27.89%
	0.46%
	28.08%
	18.13%

	
	Yes
	16.08%
	-0.05%
	17.62%
	17.96%
	0.09%
	18.11%
	14.31%

	3
	No
	35.63%
	0.21%
	37.38%
	39.59%
	0.38%
	39.75%
	9.26%

	
	Yes
	25.96%
	-0.04%
	27.39%
	28.86%
	0.08%
	28.99%
	7.57%



3) Power saving gain for Scenario 2 with 8 SSBs transmitted in a SS burst
	Number of SS bursts required for loop tracking before the reception of paging PDSCH
	Perform inter-frequency neighbor cell measurement or not
	1 Sub-group per PO
	8 Sub-groups per PO
	

	
	
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS
	TRS only

	1
	No
	11.32%
	11.32%
	16.52%
	16.52%
	N/A

	
	Yes
	3.36%
	3.36%
	6.24%
	6.24%
	N/A

	2
	No
	23.69%
	27.30%
	31.16%
	31.53%
	16.56%

	
	Yes
	14.78%
	17.77%
	19.89%
	20.19%
	13.70%

	3
	No
	32.29%
	35.36%
	41.35%
	41.65%
	14.03%

	
	Yes
	23.24%
	25.84%
	30.00%
	30.26%
	11.92%



4) Power saving gain for Scenario 2 with 1 SSB transmitted in a SS burst
	Number of SS bursts required for loop tracking before the reception of paging PDSCH
	Perform inter-frequency neighbor cell measurement or not
	1 Sub-group per PO
	8 Sub-groups per PO
	

	
	
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS
	TRS only

	1
	No
	9.33%
	9.33%
	11.95%
	11.95%
	N/A

	
	Yes
	2.20%
	2.20%
	3.11%
	3.11%
	N/A

	2
	No
	23.06%
	26.96%
	28.64%
	29.03%
	17.86%

	
	Yes
	14.30%
	17.42%
	17.84%
	18.16%
	14.30%

	3
	No
	32.34%
	35.60%
	39.91%
	40.23%
	14.96%

	
	Yes
	23.15%
	25.85%
	28.61%
	28.88%
	12.38%



[bookmark: _Ref95747477]Table 5 Average power saving gain for mixed UEs in a cell for Scenario 1
	
	1 Sub-group per PO
	8 Sub-groups per PO

	
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI only
(PEI ends before PO)
	PEI+TRS

	8 SSBs transmitted in a SS burst
	13.72%
	4.09%
	14.02%
	16.62%
	5.80%
	16.64%

	1 SSB transmitted in a SS burst
	11.57%
	0.24%
	11.87%
	13.06%
	0.47%
	13.09%


NOTE3: In the mixed case, 80% UEs use 1 SSB without inter-frequency measurement, 10% UEs use 2 SSB with inter-frequency measurement, and 10% UEs use 2 SSB with inter-frequency measurement.

[bookmark: _Ref95747479]Table 6 Average power saving gain for mixed UEs in a cell for Scenario 2
	
	1 Sub-group per PO (i.e. no sub-grouping indication)
	8 Sub-groups per PO

	
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS
	PEI only
(Starts right after SS Burst with 1-slot gap)
	PEI+TRS

	Scenario 2 with 8 SSBs transmitted in a SS burst
	12.86%
	13.42%
	18.21%
	18.26%

	Scenario 2 with 1 SSB transmitted in a SS burst
	11.21%
	11.79%
	14.21%
	14.26%


NOTE4: In the mixed case, 80% UEs use 1 SSB without inter-frequency measurement, 10% UEs use 2 SSB with inter-frequency measurement, and 10% UEs use 2 SSB with inter-frequency measurement.
The evaluation results are summarized in Table 5 and Table 6. The intermediate results are captured in Table 4. For the average power saving gain considering the distribution of different UEs, it is assumed that UEs using 1 SS bursts for time/frequency tracking before paging PDSCH correspond to the not low SINR UEs, and therefore we consider these UEs do not perform inter-frequency RRM measurement in the average results. For UEs using 2/3 SS bursts for time/frequency tracking before paging PDSCH correspond to the low SINR UEs, and therefore inter-frequency RRM measurements are assumed for these UEs to obtain the averaged power saving gain in a cell. The distribution of UEs assuming 1, 2 or 3 SS bursts before paging PDSCH are assumed 80%, 10% and 10% respectively.
In the evaluation, when 8 SSBs are transmitted, it is assumed that UE receive all the paging PDCCHs and the corresponding PDSCHs associated with different SSBs. 
It is observed that both PEI and PEI with assistance TRS can provide impressive power saving benefit. It is also observed that, when PEI-O is located near SS burst, larger power saving gain can be obtained compared to the PEI-O is just before the PO.
Observation 1: Rel-17 paging early indication can provide impressive power saving gain.
Observation 2: To get attractive power saving gain, gNB should configure PEI-O close to a SS burst.
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]
[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: Rel-17 paging early indication can provide impressive power saving gain.
Observation 2: To get attractive power saving gain, gNB should configure PEI-O close to a SS burst.

