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Introduction
In RAN1#102e [1], the potential paging enhancements are summarized and there are three main categories, such as Paging Early Indication (PEI), sub-grouping for paging and cross-slot scheduling. 
	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


This contribution mainly focuses on PEI and sub-grouping for paging. This contribution is a revision of R1-2006291.

Paging early indication 
PEI can reduce the wakeup energy overhead. As summarized by FL, 
· “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”.
It is common understanding that PEI can reduce the unnecessary SSB processing or equivalently shorten the time in advance to PO.
In the FL summary of RAN1#102e, the potential candidate indication methods for PEI could be 
· Method-1: DCI-based indication 
· Method-1-1: Extending existing DCI format 1_0
· Method-1-2: Extending existing DCI format 2_6 
· Method-1-3: New DCI format
· Method-2: RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
We compare Method-1 and Method-2 in different aspects as follows.
Table 1: Comparison between Method-1 and Method-2
	
	Method-1: DCI based
	Method-2: RS or sequence based

	Power saving gain
	UE may only need to process the SS bursts before PEI (the SS bursts are close to PEI enough), if the paging message is not arrived.
	UE may only need to process the SS bursts before PEI (the SS bursts are close to PEI enough), if the paging message is not arrived.

	The number of the SS bursts before PEI
	>=1 (depending on UE strategies)
	0 or 1. If the RS is robust for detection (non-coherent detection), the number of the SS burst can be 0.

	Reliability
	High.
Low false alarm due to CRC.
	Depending on length of the RS and the sequence.
False alarm and miss detection are tradeoff for the detection threshold. To guarantee low rate of false alarm, miss detection rate raises.

	Power consumption for transition and detection
	High
	Low. The sequence detector can be a separate module.


It can be observed that Method-1 and Method-2 has their Pros and Cons respectively. Due the tight time frame of R17 power saving, Method-1 can be prioritized.
Comparing Method-1-1, Method-1-2 and Method-1-3, Method-1-2 should be down-prioritized, because extending DCI format 2-6 from connected-mode to idle-mode has large standardization efforts and is inefficient compared to Method-1-3. 
Comparing Method-1-1 and Method-1-3, it has two interpretations for Method-1-1.
· Interpretation-1:  PEI occasion is the same as PO. PEI is indicated in paging DCI in the previous PO.
· Interpretation-2: PEI occasion is newly defined, and the content interpretation of DCI format 1-0 is changed.
In our view, Interpretation-2 of Method-1-1 will cause Method-1-1 is similar to Method-1-3. Therefore, we will discuss Interpretation-1 for Method-1-1, i.e.
· Method-1-1: Extending existing DCI format 1_0. PEI occasion is the same as PO. PEI is indicated in paging DCI of the previous PO.
· Method-1-3: New DCI format.
With above Method-1-1 and Method-1-3, in our view, Method-1-1 has the following drawbacks:
· gNB should decide whether to page a given UE in the previous PO leading to larger latency.
· UE has to monitor the first PO in each two POs leading to smaller power saving gain. 
Therefore, we slightly prefer Method-1-3.
The evaluation results for PEI with Method-1-3 can be found in Section 4.
Proposal 1: Consider to specify paging early indication.

Sub-grouping for paging
Sub-grouping for paging can reduce PDSCH processing. As summarized by FL,
· “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”.
As specified in eMTC and NB-IoT, UE sub-grouping in a PO can reduce the false alert rate of paging, which finally reduce PDSCH processing leading to power saving. In eMTC and NB-IoT, UE sub-grouping is based on different paging narrowbands or carriers. For NR, this can be implemented by using different paging CORESET for different UE groups, which was proposed in R15 but not specified yet.
Proposal 2: Consider to specify sub-grouping for paging.
[bookmark: _Ref494215420]
Evaluation 
Evaluation assumption
In RAN1#102e, the power model in idle/inactive mode was updated as follows.
	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}.





The other evaluation assumptions are also agreed.
	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:
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


According to above agreements, FL proposed initial proposal 3 and 4 for UE processing timeline as follows, but some companies thought some points are largely related to UE implementation, so the proposed UE processing timeline is just for reference.
	[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

	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)






Evaluation results for “paging early indication”
In our view, PEI can be configured close to SSB burst to reduce the number of SSB bursts to be processed in advance.  In fact, there are two main reasons to use PEI to reduce the number SSB burst:
· Reason-1: PEI can be more easily configured by gNB close to SSB burst than PO, since PEI occasion can be sparser than PO.
· Reason-2: PEI can be more easily configured by gNB close to TRS/CSI-RS than PO, since PEI occasion can be sparser than PO.
When UE processing timeline is changed from 3 SSB bursts processing (based on “initial proposal 3”) down to 2 SSB bursts processing, UE processing timeline and power consumption are shown as follows.
Table 2: UE processing timeline and power consumption when UE processing timeline is changed from 3 SSB bursts processing down to 2 SSB bursts processing
	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

	Micro sleep
	Power saving
	2
	45 * 2

	TRS/CSI-RS
	Fine synchronization
	2
	50 * 2

	Micro sleep
	Power saving
	2
	45 * 2

	PEI
	Early indicate whether the UE is paged
	4
	50*4

	Light sleep
	Power saving
	4
	20 * 4 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 0

	
	
	
	Paged: 120 * 4 (subject to group paging rate, P)

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

	Deep sleep
	Power saving
	1235
	1 * 1235 + 450

	Total
	1280
	480 * P + 3365

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


The power consumption can be evaluated as follows.
· Case-1: 3 SSB bursts processing (based on “initial proposal 3”)
· 200 * (1-P) + 480 * P + 3685 = 3913, when P = 10%.
· Case-2: 2 SSB bursts processing + PEI
· 480 * P + 3365 = 3413, when P = 10%.
The power saving is about (3913-3413)/3913=13%, when P = 10%.
When UE processing timeline is changed from 3 SSB bursts processing (based on “initial proposal 3”) down to 1 SSB bursts processing due to PEI, UE processing timeline and power consumption is shown as follows.
Table 3: UE processing timeline and power consumption when UE processing timeline is changed from 3 SSB bursts processing down to 1 SSB burst processing
	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

	Micro sleep
	Power saving
	2
	45 * 2

	TRS/CSI-RS
	Fine synchronization
	2
	50 * 2

	Micro sleep
	Power saving
	2
	45 * 2

	PEI
	Early indicate whether the UE is paged
	4
	50 * 4

	Light sleep
	Power saving
	4
	20 * 4 + 100

	PDCCH or PDCCH+PDSCH
	Paging control proc. and data proc. (if paged); 8 slots for diversity reception
	4
	Not paged: 0

	
	
	
	Paged: 120 * 4 (subject to group paging rate, P)

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

	Deep sleep
	Power saving
	1255
	1 * 1255 + 450

	Total
	1280
	200*(1-P) + 480 * P + 2725

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


The power consumption can be evaluated as follows.
· Case-1: 3 SSB bursts processing (based on “initial proposal 3”)
· 200 * (1-P) + 480 * P + 3685 = 3913, when P = 10%.
· Case-3: 1 SSB bursts processing + PEI
· [bookmark: _GoBack]200*(1-P) + 480 * P + 2725 = 2833, when P = 10%.
The power saving is about (3913-2833)/3913=28%, when P = 10%.
It can be observed that the power saving gain due to PEI is about 13%~28%. In addition, PEI transmission can use the narrow beam, since TRS/CSI-RS can be used as the QCL source for PEI instead of SSB burst.
Observation 1: PEI with assistance of TRS/CSI-RS can provide the obvious power saving gain by reducing the number of SSB bursts to be processed.

Conclusion 
Proposal 1: Consider to specify paging early indication.
Proposal 2: Consider to specify sub-grouping for paging.
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