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1. Introduction
At the RAN1#102-e meeting, the techniques for paging enhancements were discussed and RAN1 made following agreements [1]. 
	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 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]
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
Send a LS with for evaluation methodology updates related to paging enhancement(s) to RAN2
· Draft LS in R1-2007355, which is endorsed, with final LS in R1-2007356 -> (typo fix) R1-2007425
Agreements:
For the study on paging enhancements, the following LLS assumptions are considered.
· 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
	



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, we discuss candidate schemes of paging enhancements.

2. Discussion
2.1. Paging early indication before a target PO
In NR paging, UE determines PO (Paging Occasion) for the UE based on the calculation by 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 (paging false alarm). In the last meeting, we decided to study the three candidate schemes to reduce unnecessary PDCCH monitoring and PDSCH processing, i.e. paging early indication, sub-grouping, cross-slot scheduling. In our view, paging early indication before a target PO is very important scheme. The reason is that this scheme can be combined with other scheme, e.g., sub-grouping, in order to obtain additional power saving gain. Also, this scheme can reduce unnecessary PDCCH monitoring and PDSCH processing, while cross-slot scheduling can only reduce PDSCH processing.

Regarding the design of paging early indication, the following methods to indicate the paging early indication can be considered.
· DCI-based approach
· RS/Sequenced-based approach
According to the previous discussion, some companies consider that RS/Sequenced-based approach has more power saving gain than DCI-based approach. However, DCI-based approach has some advantages compared with RS/Sequenced-based approach on the other aspects than power saving gain. One of the advantage is higher reliability and lower false alarm rate. Another advantage is that from implementation and specification perspective, DCI-based approach would be easy and simple. Also, considering the limited time for this WI, the significant specification effort should be avoided. In addition, DCI-based approach can provide more information compared with RS/Sequenced-based, e.g., sub-grouping information in addition to whether or not the UEs wake up or not. In other words, DCI-based approach can be combined with other power saving schemes. Therefore, we propose to consider DCI-based approach for paging early indication. 
[bookmark: _Ref47712037]Proposal 1: DCI-based approach for paging early indication should be considered.
· FFS: Information in addition to whether UEs wake up or not
· FFS: Combination with other methods

The time resource location of paging early indication is one of the important factors in terms of power saving gain. Two alternatives can be considered for the time resource location of paging early indication. One alternative is to locate paging early indication in front of PO, e.g., time offset from PO. In this way, sufficient time gap between paging early indication and PO would be necessary, e.g., for paging early indication processing. Hence, the time of light/deep sleep would get shorter due to the gap and the power saving gain might be reduced. On the other hand, another alternative is to locate paging early indication around SSB, e.g., time offset from SSB. In this way, the time of light/deep sleep can be longer compared with the first alternative, because paging early indication can be located right near SSB. Therefore, the location of paging early indication near SSB which the UE receives would be beneficial. However, the problem is that SSB(s) which is actually received by each UE depends on the radio quality of each UE, e.g., low SINR, high SINR, and UE implementation. Further study is needed how to locate paging early indication around SSB.
Proposal 2: Following alternatives can be considered for time resource of paging early indication.
· Alt1: Paging early indication is located in front of PO
· Alt2: Paging early indication is located around SSB
· FFS: which SSB(s) are used for the location of paging early indication

2.2. Sub-grouping for paging
UE sub-grouping within a PO can reduce the number of UEs which need to wake up simultaneously when a UE in a group is paged, and it can reduce the paging false alarm rate and unnecessary PDSCH decoding. Some companies gave a simulation result of introduce sub-grouping under various conditions in the last meeting. Although only sub-grouping schemes may not be able to provide sufficient power saving gain, power saving gain can be additionally increased when sub-grouping in addition to paging early indication is introduced. 

Proposal 3: sub-grouping within a PO should be considered in addition to paging early indication.

[bookmark: _GoBack]If DCI-based approach for paging early indication is supported, it would be beneficial that sub-grouping information is indicated in the DCI of paging early indication, as well as whether the UE wakes up or not. If sub-grouping is indicated in paging early indication, additional power saving gain can be obtained compared with the case where paging DCI indicates sub-grouping, since only UEs in a sub-group have to monitor paging DCI. 
In addition, it is necessary to discuss and determine what to divide a group into sub-groups based on, e.g., UE id, and the number of sub-groups.

Proposal 4: DCI-based paging early indication can indicate sub-grouping information.

Proposal 5: It is necessary to discuss and determine what to divide a group into sub-groups based on, e.g., UE id, and the number of sub-groups.

2.3. Cross-slot scheduling 
Cross-slot scheduling for paging can reduce unnecessary PDSCH buffering. However, paging early indication can solve the issues on unnecessary PDCCH monitoring and unnecessary PDSCH processing simultaneously by wake up indication and gap between paging early indication and PO. On the other hand, cross-slot scheduling can solve only PDSCH processing issue. In addition, coexistence issue with legacy UE should be carefully considered. For example, if NW indicate cross-slot scheduling for paging to UEs in the same PO, legacy UE may not be able to decode PDSCH because the legacy UE may not be capable of cross-slot scheduling. Considering the above aspects, cross-slot scheduling for paging can be deprioritized, compared with paging early indication and sub-grouping.

Proposal 6: Enhancements on cross-slot scheduling for paging is deprioritized compared with paging early indication and sub-grouping.

3. Conclusion
In this contribution, paging enhancement(s) to reduced unnecessary UE paging receptions was discussed. Based on the discussion, the following proposals were made:
Proposal 1: DCI-based approach for paging early indication should be considered.
· FFS: Information in addition to whether UEs wake up or not
· FFS: Combination with other methods
Proposal 2: Following alternatives can be considered for time resource of paging early indication.
· Alt1: Paging early indication is located in front of PO
· Alt2: Paging early indication is located around SSB
· FFS: which SSB(s) are used for the location of paging early indication
Proposal 3: sub-grouping within a PO should be considered in addition to paging early indication.
Proposal 4: DCI-based paging early indication can indicate sub-grouping information.
Proposal 5: It is necessary to discuss and determine what to divide a group into sub-groups based on, e.g., UE id, and the number of sub-groups.
Proposal 6: Enhancements on cross-slot scheduling for paging is deprioritized compared with paging early indication and sub-grouping.
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