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1 Introduction

In 3GPP TSG RAN#102-e meeting, some simulation assumptions were agreed[1] as follows .  

	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
Agreements:
The following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode

· FFS: FR2 power consumption model for idle/inactive mode operations

· 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}.
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

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
Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:

· 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 

· 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

· Sub-grouping for paging, based on 

· Legacy paging DCI

· Paging early indication

· Additional reception occasions in time/frequency domain

· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded


In this contribution, additional simulation results of UE power consumption in RRC idle and inactive state are discussed.

2 Power saving gain of potential paging enhancement schemes

In the last meeting, some potential paging enhancement schemes were proposed. The schemes such as paging indication before a target PO to indicate UE whether to monitor PDCCH scrambled by P-RNTI and sub-grouping for paging are supported by multiple companies. In this section, we use the power consumption model for FR1 agreed in the last meeting to calculate the power saving gain of different candidate paging enhancement schemes. 

Case 1: without inter-frequency measurement

In the case that UE does not need inter-frequency measurement, the processing timeline is shown in Figure 1, where one SSB before PO is processed for AGC/SYNC and serving cell measurement in one paging cycle. 
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Figure 1 UE processing timeline without inter-frequency measurement

According to the power consumption calculation method in the email discussion of the last meeting, with the timeline provided in Figure 1, when group paging rate is 0.1 and 0.6, the average power consumption of UE is 1.875 and 1.984, respectively.

One candidate solution to reduce unnecessary paging reception is paging early indication. The paging early indication is used to inform UE whether there is a paging message or not in the subsequent PO. If the paging indication indicates “no paging message”, UE can reduce the unnecessary operations of paging reception including PDCCH / PDSCH reception.
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(a) Paging indication (with wake-up indication)           (b) Paging indication (without wake-up indication)    

Figure 2 UE behavior with paging indication (without inter-frequency measurement) 

Figure 2 shows the UE behavior with paging indication. Figure 2 (a) shows the case when there is paging message to receive in current paging cycle. Figure 2(b) shows the case when there is no paging message to be received in the current paging cycle. 

Note that paging indication can be located in an offset before PO. For the convenience of calculation, we assume paging indication is located next to SSB in calculation of the power saving gain. When paging indication is located between SSB and PO, the power saving gain may decrease.

For the UE processing timeline in Figure 1 and Figure 2, the calculation method and result of the UE power consumption and power saving gain with different potential paging enhancement schemes are shown in Table 1 and Table 2, respectively.
Table 1. The calculation method of the UE power consumption without inter-frequency measurement

	UE operations in a paging cycle
	Energy contribution(relative power * ms)

	SSB processing and intra-frequency RRM measurement: TSSB
	(PSSB + (Pintra, search+meas * 1/4 + Pintra, meas-only * 3/4 ) ) * 0.85 * TSSB

	Paging indication: 0.5 or 0ms
	Pwus*0.5 or 0

	Light sleep: TLS or 0
	(PLS * TLS + 100) * RG  + (PLS * TLS + 100) * (1-RG) 

	PO reception: 4 or 0ms
	PPDCCH+PDSCH * RG * TPO

	Deep sleep: TDS1 or TDS2
	(PDS1 * TDS + 450) * RG + (PDS2 * TDS + 450) * (1-RG)

	Total
	sum


Table 2. Average power consumption and power saving gain without inter-frequency measurement

	schemes
	Group paging rate
	Average power consumption
	Power saving gain

	Baseline
	0.1 
	1.875
	/

	Paging indication
	
	1.578
	15.84%

	Baseline
	0.6
	1.984
	/

	Paging indication
	
	1.859
	6.3%


Observation 1: When group paging rate is 0.1 and 0.6, the power saving gain brought by paging indication can reach 15.84% and 6.3%, respectively. 
UE sub-grouping scheme means that a group of UEs monitoring the same PO can be divided into multiple sub-groups, which can reduce the group paging rate. When fixed per-UE paging rate, the more the number of sub-groups, the less likely the sub-group will be paged. Using the calculation method provided in Table 1, the power saving gain brought by sub-grouping is shown in Table 3. It can be observed that when the group paging rate is large, the sub-grouping can achieve better power saving gain. The larger the number of sub-groups, the higher the power saving gain. When the number of sub-groups is 16 and the group paging rate is 0.8, the power saving gain of sub-grouping can reach 7.59%.
Table 3. Power saving gain brought by sub-grouping scheme without inter-frequency measurement

	Group paging rate
	0.1
	0.6
	0.8

	Number of sub-groups
	
	
	

	4
	0.91 %
	4.44 %
	5.08 %

	8
	1.01 %
	5.44 %
	6.66 %

	16
	1.12 %
	6.00 %
	7.59 %


Observation 2: When the group paging rate is large, the sub-grouping can achieve better power saving gain. The larger the number of sub-groups, the higher the power saving gain. When the number of sub-groups is 16 and the group paging rate is 0.8, the power saving gain of sub-grouping can reach 7.59%.
Case 2: with inter-frequency measurement
In the case that UEs needs to perform not only intra-frequency measurement but also inter-frequency measurement, the UE behavior can be described in Figure 3.
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Figure 3 UE behavior with inter-frequency measurement (baseline)

According to the UE behavior shown in the Figure 3, the average power consumption of the UE with inter-frequency measurement is 2.137 and 2.246 when group paging rate is 0.1 and 0.6, respectively.

The UE behaviors with paging indication are shown in Figure 4.
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(a) Paging indication (with wake-up indication)       (b) Paging indication (without wake-up indication)

Figure 4 UE behavior with paging indication (with inter-frequency measurement)

As shown in Figure 4, if the paging indication indicates that “no paging message”, the PO reception can be skipped. The calculation method, results of UE power consumption and power saving gain with different potential paging enhancement schemes with inter-frequency measurement are provided in Table 4 and Table 5. It can be seen that with inter-frequency measurement, the paging indication can introduce 2.49%-12.45% power saving gain.
Table 4. The calculation method of the UE power consumption with inter-frequency measurement

	UE operations in a paging cycle
	Energy contribution (relative power * ms)

	SSB processing and intra-frequency RRM measurement: TSSB
	(PSSB + (Pintra, search+meas * 1/4 + Pintra, meas-only * 3/4 ) ) * 0.85 * TSSB

	Paging indication: 0.5 or 0ms
	Pwus*0.5 or 0

	Light sleep: TLS1
	(PLS * TLS1 + 100) * RG  + (PLS * TLS1 + 100) * (1-RG) 

	PO reception: 4 or 0ms
	PPDCCH+PDSCH * RG * TPO

	Light sleep:TLS2
	(PLS2 * TLS2 + 100) * RG 

	Switch to another frequency layer: 0.5ms
	PMS * 0.5

	Inter-freq. RRM measurement: Tinter-freq
	(Pinter, search-only * 1/4 + Pinter, meas-only * 3/4 ) * Tinter-freq

	Switch back to serving frequency: 0.5ms
	PMS * 0.5 

	Deep sleep: TDS
	PDS * TDS + 450 

	Total
	sum


Table 5. Average power consumption and power saving gain with inter-frequency measurement

	schemes
	Group paging rate
	Average power consumption
	Power saving gain

	Baseline
	0.1
	2.137
	/

	Sub-grouping
	
	2.118
	0.89%

	Paging indication
	
	1.871
	12.45%

	Baseline
	0.6
	2.246
	/

	Sub-grouping
	
	2.139
	4.76%

	Paging indication
	
	2.190
	2.49%

	Note: For schemes with sub-grouping, when each UE group is divided into eight sub-groups and group paging rate is 0.1 and 0.6, sub-group paging rate is 0.013 and 0.108, respectively. 


Observation 3: With inter-frequency measurement, the paging indication can introduce 2.49%-12.45% power saving gain.

Observation 4: When the group paging rate is increased, the power saving gain brought by the paging indication is reduced, while the power saving gain brought by the sub-grouping is increased.

3 Conclusion

In this contribution, we discuss the power saving gain of potential paging enhancement schemes. We have the following observations.

Observation 1: When group paging rate is 0.1 and 0.6, the power saving gain brought by paging indication can reach 15.84% and 6.3%, respectively.

Observation 2: When the group paging rate is large, the sub-grouping can achieve better power saving gain. The larger the number of sub-groups, the higher the power saving gain. When the number of sub-groups is 16 and the group paging rate is 0.8, the power saving gain of sub-grouping can reach 7.59%.

Observation 3: With inter-frequency measurement, the paging indication can introduce 2.49%-12.45% power saving gain.

Observation 4: When the group paging rate is increased, the power saving gain brought by the paging indication is reduced, while the power saving gain brought by the sub-grouping is increased.
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