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1. Introduction
At the RAN1#103e-meeting, the following were agreed. [1] 
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
 
Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%] –[2.7%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.6%] –[4.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.6%] –[4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [1.3%] –[8.0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [2.1%] –[13.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [3.3%] –[16.1%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping.
 
Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.


Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact

Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design.



2. Discussion
In this contribution, we will mainly describe paging early indication.
2.1. Features of paging early indication 
　In NR paging, UE determines PO (Paging Occasion) for the UE based on the calculation by e.g., UE ID, and the PO includes PDCCH monitoring occasion(s) which corresponds to each SSB. A PO can consist of a set of monitoring occasions corresponding to different beams in multi-beam operations. A large number of UEs share the same PO. These UEs wake up to monitor paging PDCCH in the same PO and have to receive corresponding PDSCH including paging message. If the paging message does not have the information for UEs, power consumption increases by unnecessary paging reception. In last meeting, it was agreed to support PEI (paging early indication) before paging occasion in order to resolve such problem. As for PEI design, the following candidates can be considered:
· DCI-based approach
· RS/Sequenced-based approach
The characteristics of each PEI design are summarized in the table1 below.




	

Table1．PEI design characteristic
	PEI Design
	Advantages
	Disadvantages

	DCI-based
	· Lower false alarm rate/Miss detection rate
· Information other than Wake UP notifications can be easily notified 
	· sensitive to synchronization error 


	RS/Sequence-based
	· Not sensitive to synchronization error


	· Higher false alarm rate/Miss detection rate



2.2. Assumption of timeline and PEI Location 
Since UE would not know the exact number of SSB required to ensure synchronization, we assume that UE wakes up around the first SSB among three SSBs before PO in order to ensure synchronization required to monitor PO. If the UE wakes up around the SSB nearest from the PO in low SINR condition, the UE would not be able to successfully receive PDCCH and PDSCH for paging due to lack of synchronization. Therefore, even if only one SSB is actually required, we assume the timeline where the UE wakes up around the first SSB among three SSBs before PO.
Based on this, the ideal position of PEI can be considered and depends on PEI design. The table 2 below summarizes the ideal placement of each PEI design.

Table2．the ideal time location of each PEI design
	PEI Design
	Ideal PEI Location
	Reason

	DCI-based
	Immediately after first SSB among three SSBs before PO
	UE needs to receive at least one SSB before PEI               for sensitivity to synchronization

	RS/Sequence-based 

	Immediately before first SSB among three SSBs before PO
	UE does not need to receive SSB before PEI                assuming RS/Sequence-based is robust for detection.



Observation 1: The timeline where the UE wakes up around the first SSB among three SSBs before PO in order to ensure synchronization required to monitor PO can be considered as a baseline.
Observation 2: The ideal time location of PEI depends on PEI design:
· For DCI-based PEI, PEI should be located immediately after first SSB among three SSBs before PO.
· For RS/Sequence-based PEI, PEI should be located immediately before first SSB among three SSBs before PO.

2.3. Evaluation results for paging early indication　
The Power consumption model for FR1 agreed at the previous meeting is listed in Appendix A, and the Evaluation Assumptions are listed in Table 3. The UE processing timeline as baseline is shown in Figure 1 and the details are shown in Table 4.　　　　　　　　　　
Table3.  Evaluation Assumptions
	Parameter
	Value

	SCS
	30 kHz

	Paging cycle
	1.28 s

	Group paging rate
	10%, 60%

	SSB periodicity
	20 ms

	SSB duration
	2 ms (for time/frequency tracking and serving cell measurement)

	Inter-frequency RRM measurement
	5 ms SMTC window and 6 ms measurement gap

	PO duration
	4 ms

	Offset between PO and nearest SSB
	10 ms
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[bookmark: _Ref53992145][bookmark: _Hlk61595203]Figure 1. Baseline processing timeline for existing UE

Table4.  Processing timeline for existing UE
	Operation in sequence
	Time duration (ms)
	Energy contribution
(power * time + energy overhead)

	SSB proc 
	2
	50 * 2

	Light sleep
	18
	20 * 18 + 100

	SSB proc.
	2
	50 * 2

	Light sleep
	18
	20 * 18 + 100

	SSB proc and intra-freq. RRM measurement
	2
	(50 +0.25*80+0.75*60)*0.85* 2

	Light sleep
	8
	20 * 8 + 100

	PO
	4
	(50* (1 – RG) +(120 * RG) )* 4

	Light sleep
	6
	20 * 6 + 100

	Switch to another frequency layer
	0.5
	45*5

	Inter-freq. RRM measurement
	5
	60 * 5

	Switch back to serving frequency
	0.5
	45*5

	Deep sleep
	1214
	1 * 1214 + 450

	Total (Pexsisting)
	1280
	4117+280* RG

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



As described in 2.2, RS / Sequence-based and DCI-based PEI should be located in ideal location respectively. The timeline for the cases is shown in Figures 2 and 3. 
In Figures 2, when the UE is indicated to not wake up by RS/Sequence-based PEI, the UE can skip receiving SSB1, SSB2, SSB3 and the PO, and the UE can enter deep sleep until the inter-frequency measurement takes place. The Power consumption of this timeline (PRS/Sequence-based) and the power consumption of the baseline timeline for existing UE (Pexsisting ) are used to calculate Power Saving Gain (PSGRS/Sequence-based).
PSGRS/Sequence-based = (Pexsisting - PRS/Sequence-based)/ (Pexsisting)
[bookmark: _Hlk61879787]In Figures 3, when the UE is indicated to not wake up by DCI-based PEI, the UE can skip receiving SSB2, SSB3 and the PO, and the UE can enter deep sleep until the inter-frequency measurement takes place. The Power consumption of this timeline (PDCI-based) and the power consumption of the baseline timeline for existing UE (Pexsisting) are used to calculate Power Saving Gain (PSGDCI-based).
PSGDCI-based = (Pexsisting - PDCI-based)/ (Pexsisting)
In addition, the PEI resource duration should be considered to evaluate Power Saving Gain. In the first one, the PEI resource duration is 1 slot. In the second one, the PEI resource duration is 2 slots. The evaluation results of the power saving gain by RS/Sequence-based and DCI-based PEI are shown in Table 5 and 6, where group paging rate is 10% or 60%.
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[bookmark: _Ref53993163]Figure 2. Processing timeline for RS/Sequence-based PEI in low SINR.
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Figure 3. Processing timeline for DCI-based PEI in low SINR.

Table5. Power Saving Gain by respective PEI design (Group Paging rate=10%)
	PEI Design
	Power Saving Gain 
(slot for PEI=1)
	Power Saving Gain 
(slot for PEI=2)

	DCI-based
	29.6 %
	29.0 %

	RS/Sequence-based 
	31.6 %
	31.1 %



Table6. Power Saving Gain by respective PEI design (Group Paging rate=60%)
	PEI Design
	Power Saving Gain 
(slot for PEI=1)
	Power Saving Gain 
(slot for PEI=2)

	DCI-based
	12.5 %
	12.1 %

	RS/Sequence-based 
	13.3 %
	12.7 %



According to the above results, the Power Saving Gain by RS / Sequence-based PEI is slightly larger than that of DCI-based PEI, but the difference of the gain is marginal. It would be caused mainly by one additional SSB skipping when the UE does not wake up.
Observation 3: When PEI indicates only whether the UE wakes up or not, the Power Saving Gain by RS / Sequence-based PEI is slightly larger than that of DCI-based PEI, but the difference of the gain is marginal.
Although the above results are based on PEI which indicates only whether the UE wakes up or not, DCI-based PEI can easily provide additional information in DCI, e.g., Sub-grouping Information and/or availability of TRS/CSI-RS. Hence, the power saving gain by these additional information should be also taken into account. While wake up indication can save the power consumption when the UE does not need to wake up in practice, these indication of Sub-grouping Information and/or availability of TRS/CSI-RS can save the power consumption when the UE wakes up, i.e., the UE is paged in the group. In other words, the power saving gain by these additional information becomes larger for the higher the Group Paging rate. 
We show the evaluation results of power saving gain by PEI with availability indication of TRS/CSI-RS. The timeline using TRS for synchronization is shown in Figures 4. In Figures 4, when the UE is indicated to wake up by DCI-based PEI, the UE can skip receiving SSB2, SSB3 and the UE can enter deep sleep. The Power consumption of this timeline (PDCI-based+TRS) and the power consumption of the baseline timeline for existing UE (Pexsisting) are used to calculate Power Saving Gain (PSGDCI-based+TRS).
PSGDCI-based+TRS = (Pexsisting - PDCI-based+TRS)/ Pexsisting)
The results of the power saving gain when the availability of TRS is notified by DCI-based PEI are shown n Table 7. (TRS duration = 2 slot)

[image: ] Figures 4. Processing timeline for DCI-based PEI

Table7. Power Saving Gain due to the availability of Additional TRS
	PEI Design
(Group Paging rate)
	Power Saving Gain
( Group Paging rate = 10%)
	Power Saving Gain 
(Group Paging rate = 60%)

	DCI-based (w/o TRS)
	29.0 %
	12.1 %

	DCI-based (w/ TRS)
	31.2 %
	24.7 %


 
From the above results, it can be seen that there is a power saving gain of 2.2% when the group paging rate is 10% and 12.6% when the group paging rate is 60%, compared with PEI without availability indication of TRS. If PEI indicates only whether the UE wakes up or not, the Power Saving Gain decreases as the group paging rate increases. On the other hand, if PEI indicates additional information of the availability indication of TRS and/or subgrouping information, it can compensate for the decrease of power saving gain and better power saving gain can be obtained even for higher group paging rate. Also, as mentioned above, DCI-based PEI can easily indicate these additional information, compared with RS/Sequence-based PEI. Therefore, DCI-based PEI should be supported, and additional information of the availability indication of TRS and/or subgrouping information should be indicated in DCI-based PEI.

Observation 4: If PEI indicates additional information of the availability indication of TRS and/or subgrouping information in addition to wake up indication, it can compensate for the decrease of power saving gain and better power saving gain can be obtained even for higher group paging rate.
Observation 5: DCI-based PEI can easily indicate additional information in addition to wake up indication, compared with RS/Sequence-based PEI.
Proposal 1: DCI-based PEI should be supported.
Proposal 2: Additional information of the availability indication of TRS and/or subgrouping information should be indicated in DCI-based PEI.

3. Conclusion
In this contribution, paging early indication was discussed. Based on the discussion, the following observations and proposals were made:
Observation 1: The timeline where the UE wakes up around the first SSB among three SSBs before PO in order to ensure synchronization required to monitor PO can be considered as a baseline.
Observation 2: The ideal time location of PEI depends on PEI design:
· For DCI-based PEI, PEI should be located immediately after first SSB among three SSBs before PO.
· For RS/Sequence-based PEI, PEI should be located immediately before first SSB among three SSBs before PO.
Observation 3: When PEI indicates only whether the UE wakes up or not, the Power Saving Gain by RS / Sequence-based PEI is slightly larger than that of DCI-based PEI, but the difference of the gain is marginal.
Observation 4: If PEI indicates additional information of the availability indication of TRS and/or subgrouping information in addition to wake up indication, it can compensate for the decrease of power saving gain and better power saving gain can be obtained even for higher group paging rate.
Observation 5: DCI-based PEI can easily indicate additional information in addition to wake up indication, compared with RS/Sequence-based PEI.
Proposal 1: DCI-based PEI should be supported.
Proposal 2: Additional information of the availability indication of TRS and/or subgrouping information should be indicated in DCI-based PEI.
References
[1] “RAN1 Chairman’s Notes”, RAN1#103e, October 26th – November 13th, 2020. 

 Appendix
Appendix A: power consumption model for FR1
	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 84.840)
	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}.





          






- 1/9 -
image3.png
SSB duration

D

SSB,

LS

SSB period

PO duration SMTC duration
5 3
SSB, LS SSB;| LS | PO |LS E SMTCE DS
izl 2}
+—>

Offset between PO and nearest SSB




image4.png
SSB duration

>

SSB,| E

DS

PO duration

D ——

T
R| PO
S

MS

SMTC duration

«—>

SMTC

DS





image1.png
SSB duration

>

SSB,

Light Sleep
(Ls)

SSB,

LS

PO duration

>

SMTC duration

«—>

SSB,

LS

PO

LS

SMTC

SWITCH

Deep Sleep
Ds)

SWITCH

SSB period

+—>
Offset between PO and nearest SSB




image2.png
SSB duration

e

SSB;

LS

SSB,

LS

PO duration

D E—

SMTC duration
+——»

SSB,

LS

PO

LS

SWITCH

SMTC

DS

SWITCH

SSB period

+—>
Offset between PO and nearest SSB




