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Introduction
In RAN1#104-bis-e meeting [1][2], there agreed observations for coexistence, performance and resource overhead from companies’ contributions. 
	Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource


	Agreement:
Observation 2a:
For the evaluation and comparison of PEI candidate designs, the following summarize the identified configurations of PEI candidate designs, including pairs of the minimum required resource and maximum UE (sub)group indication capacity per PEI, that can comply with the mandatory performance metrics agreed in RAN1 #104-e:
· If Behv-A is assumed,
(Please refer to Section 8.7.1.1 in [1] for the summary table)
· If Behv-B is assumed,
(Please refer to Section 8.7.1.1 in [1] for the summary table)


	Agreement:
Observation 3a:
For the evaluation and comparison of PEI candidate designs, the following summarize average resource overheads per PO for PEI candidate designs, considering the configurations identified from performance observation.
· The average overhead results are based on PO settings without impact from UE sub-grouping indication within the PO.
· Note: For comparison purpose, single-beam transmission for PEI is assumed, and results with multi-beam transmission for PEI is scaled. This doesn’t preclude any beam-forming related design for PEI.
· If Behv-A is assumed:
(Please refer to Section 8.7.1.1 in [1] for the summary table) 
· If Behv-B is assumed:
(Please refer to Section 8.7.1.1 in [1] for the summary table)




After RAN1 #104-bis-e meeting, RAN2 also sent a reply LS on UE subgrouping for paging enhancement [3], indicating RAN2 decision on adopting “network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization)” and suggestion of “the maximum number of UE subgroups per PO should be at least 8”
	1. Overall Description:
RAN2 would like to thank RAN1 for their LS on UE sub-grouping for paging enhancements. RAN2 discussed this topic and agreed to the following:

· We adopt network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization).
· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).
· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.

2. Actions:
To RAN1:
RAN2 respectfully asks RAN1 to take the above information into account for RAN1’s future work.



With the above information, the following will be provided in this contribution:
· Section 2: Characteristics of PEI physical-layer candidate designs from RAN1 #104-bis-e observations
· Consideration of Rel-15 UE restriction
· Section 3: Physical-layer design and comparison with UE subgrouping enhancement
· Target “at least 8” for maximum number of UE subgroups per PO
· Identify feasible configurations with PEI physical-layer candidate and/or paging DCI taking into account the observations in RAN1 #104b-e
· Compare the resulting resource overheads and power saving gains 
· Section 4: Specification for PEI physical-layer design based on PDCCH, TRS/CSI-RS or SSS 
· PEI occasion determination and mapping to PO and UE subgroups
· Additional functionality, e.g., TRS availability, SI update etc.

Final recommendation on PEI physical-layer design based on the above characterization will be provided in Section 5.


Characteristics of PEI Physical-Layer Candidate Designs from 
RAN1 #104-bis-e Observations 
In the coexistence observations agreed in RAN1 #104-bits-e, the focus is on sharing PDSCH resource of Rel-15 UE:

	Agreement:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
a) For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
b) For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
· For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
· For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
· For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
· When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource




For SSS-based PEI to realize dynamic resource sharing, it is assumed Rel-15 UE can be configured with a CORESET that covers the PEI and can be indicated “absent” when PEI is not transmitted. On the other hand, for FR1, it is noticed that UE is only mandated to support two CORESETs: CORESET 0 + one (UE-specific) CORESET:

[bookmark: _Ref71713079]Observation 1: It is optional UE capability for Rel-15 UE to support more than one CORESET in addition to CORESET 0 in FR1, as specified by the IE, multipleCORESET, in TS 38.306 (Release 15)
[bookmark: _Ref71713410]
Table 1: UE capability IE related to supported number of CORESETs in TS 38.306
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	multipleCORESET
Indicates whether the UE supports configuration of up to two PDCCH CORESETs per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. If this is not supported, the UE supports one PDCCH CORESET per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. It is mandatory with capability signaling for FR2 and optional for FR1.
	UE
	CY
	No
	Yes



Since the additional CORESET to CORESET 0 can exceed idle-mode UE reception bandwidth, it implies dynamically sharing PDSCH of Rel-15 for SSS-based PEI can only be based on CORESET 0.
[bookmark: _Ref71713086]
Observation 2: Since the frequency span of the CORESET in addition to CORESET 0 can exceed idle-mode UE reception bandwidth, SSS-based PEI can only utilize CORESET 0 to guarantee dynamically sharing PDSCH of Rel-15 UE.
[bookmark: _Ref71713093]
Observation 3: For SSS-based PEI, CORESET0 has at least the following limitations:
· Multi-symbol format is not always available (as the example quoted in Table 2)
· Minimum RE number in CORESET 0 is at least 576 REs for FR1, which in turn bounds the minimum resource overhead for dynamically sharing PDSCH of REl-15 UE.

[bookmark: _Ref71713390]Table 2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16



By the above, we therefore propose:

[bookmark: _Ref71713168]Proposal 1: For SSS-based PEI, semi-static sharing PDSCH of Rel-15 UE should be assumed as baseline. 
· Dynamically sharing PDSCH of Rel-15 UE based on CORESET 0, if available, will occupy at least 576 REs when a SSS-based PEI is transmitted.

For PDCCH-based PEI, sharing CORESET 0 as a Rel-15 PDCCH is inherently supported. For minimum impact to existing PDCCH, Behv-B can be configured to prioritize legacy PDCCH over PDCCH-based PEI since it allows gNB to drop PEI while UE will still monitor PO.

[bookmark: _Ref71713188]Proposal 2: For PDCCH-based PEI, dynamically sharing CORESET 0 of Rel-15 UE is supported.

[bookmark: _Ref71713194]Proposal 3: For PDCCH-based PEI, Behv-A or Behv-B is configurable by gNB for prioritization on PEI or legacy PEI, accordingly.

For TRS/CSI-RS-based PEI, the following should be noted:

[bookmark: _Ref71713098]Observation 4: For TRS/CSI-RS-based PEI, dynamic sharing PDSCH of Rel-15 UE is conditioned on:
· There can configure at least one aperiodic ZP-CSI-RS rate-matching resource set to all Rel-15 connected-mode UEs out of the maximum of three resource sets supported by each Rel-15 UE.
· gNB can manage the performance impact to UEs receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0 since those UEs will assume the PEI occasion can be used for PDSCH even when PEI is transmitted.

Consequently, the following is proposed:

[bookmark: _Ref71713201]Proposal 4: For TRS/CSI-RS-based PEI, semi-static sharing PDSCH of Rel-15 should be assumed as baseline.
· Dynamically sharing PDSCH of Rel-15 UE, if available, should utilize at most one aperiodic ZP-CSI-RS rate-matching resource set for the minimum impact to Rel-15 network.

From Observation 3a which collects both performance and resource overhead results, there contain many single-company results. To identify the characteristics with better technical support and consensus, we first extract the configurations based on evaluation results from more than one company: 

· Observation 3a configurations when Behv-A is assumed and based on results from more than 1 company:

	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capacity 
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Resource sharing assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)
	17.2
	OPPO
	1 PEI for up to 12 PO's
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	17.2
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	17.6
	HW/HiSi
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	21.8
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)
	49.5
	vivo
	1 PEI for 4 PO
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	57.6
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)
	25.4
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	25.4
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	26.4
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	288.0
	QC
	1 PEI for 1 PO
	

	
	TRS/CSI-RS-based PEI
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)
	28.8
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	28.8
	ZTE
	1 PEI for 1 PO
	

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2
 (OPPO, QC)
	30.0
	OPPO
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	30.0
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	300.0
	QC
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)
	34.4
	OPPO
	1 PEI for up to 12 PO's
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged

	
	
	
	
	
	43.6
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	
	
	
	57.6
	Intel
	1 PEI for 1 PO
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged




· Observation 3a configurations when Behv-B is assumed and based on results from more than 1 company:

	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capacity
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Coexistence assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	4 
(HW/HiSi, OPPO, ZTE, MTK)
	24.0
	HW/HiSi
	1 PEI for up to 12 PO's
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	24.0
	OPPO
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	24.0
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	51.0
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)
	518.4
	vivo
	1 PEI for 1 PO
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	518.4
	Samsung
	1 PEI for 1 PO;
PEI RE# scaled w.r.t. 1-beam
	

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)
	228.6
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	228.6
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	TRS/CSI-RS-based PEI
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(vivo, ZTE)
	259.2
	ZTE
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	259.2
	vivo
	1 PEI for 1 PO
	

	 

	PDSCH: MCS0, TB scaling 0.5
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	3 
(OPPO, ZTE, MTK)
	48.0
	OPPO
	1 PEI for up to 12 POs
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	102.0
	MTK
	1 PEI for up to 12 POs
	




From the above tables, the following characteristics for the considered PEI candidate designs can be identified:

[bookmark: _Ref71713103]Observation 5: From the identified configurations based on evaluation results from more than one company, PDCCH-based PEI achieves the best resource overhead when UE subgrouping is not incorporated. Being able to indicate multiple POs with 1 PEI is the distinguishing factor.

[bookmark: _Ref71713207]Proposal 5: For PDCCH-based PEI, exploiting DCI payload bits for indicating multiple UE (sub)groups is supported.
· Note: From UE monitoring perspective, there is only one PEI occasion for a targeted PO.


[bookmark: _Ref71148363][bookmark: _Ref71713114]Observation 6: From the identified configurations based on evaluation results from more than one company, 
· UE (sub)group indication capacity per PDCCH-based PEI of AL4/AL8 is 12 bits
· AL4 or AL8 can be selected by network according paging PDSCH TB scaling setting
· UE (sub)group indication capability per PDCCH-based PEI of AL8/AL16 can be increased to 48 bits since AL8/AL16 of 48-bit payload and 24-bit CRC has the same code rate as AL/4AL8 of 12-bit payload and 24-bit CRC
· UE (sub)group indication capacity per TRS/CSI-RS-based PEI of 50-RB-and-1-slot format is 1 bit
· UE (sub)group indication capacity per SSS-based PEI is of 11-RB-and-2-symbol format is 1 bit
· Note: By X bits, it means there can provide 2^X states with the resource of an identified PEI physical-layer configuration. For X > 1 bit, there is additional design flexibility in mapping the states to the paging combination of associated UE (sub)groups. For ease of comparison, we assume one bit is mapped to one UE (sub)group in later analyses.


With the above observations, we can move forward to characterize/specify 
· Physical-layer design and comparison with UE subgrouping enhancement (Section 3)
· Specification for PEI physical-layer design based on PDCCH, TRS/CSI-RS or SSS (Section 4)
 
Physical-Layer Designs and Comparison with UE Subgrouping Enhancement
Based on RAN2 Reply LS [3], as quoted below for ease of reference, RAN1 should provide the physical-layer design taking into account RAN2 information on UE subgrouping enhancement:

	1. Overall Description:
RAN2 would like to thank RAN1 for their LS on UE sub-grouping for paging enhancements. RAN2 discussed this topic and agreed to the following:

· We adopt network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization).
· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID).
· RAN2 also briefly discussed the number of UE subgroups per PO, and, considering it depends on which and how many UE characteristics above network controlled subgrouping will support, RAN2 could only provide an indication that the maximum number of UE subgroups per PO should be at least 8. However, RAN2 understands that it should also depend on observed power saving gain and the signalling method for indicating the subgroups (PEI and/or paging DCI) and so, potentially on the PEI design itself, therefore RAN2 leaves it to RAN1 to decide the final value.

2. Actions:
To RAN1:
RAN2 respectfully asks RAN1 to take the above information into account for RAN1’s future work.



To provide physical layer designs that can maximize the benefit of RAN2 UE subgrouping design, cautions should be taken on the following:
· RAN1 evaluation only assumes pure random UE subgrouping while RAN2 agrees to adopt “network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization)” 

· For the design freedom in RAN2’s UE subgrouping framework, RAN2 also indicates “the maximum number of UE subgroups per PO should be at least 8”. From previous RAN1 observations [4], larger number of UE subgroups looks more useful for higher PO/group paging rate cases:
	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.



By the above, we will take into account more PO/group paging rates to accommodate more cases that can benefits from flexible RAN2 design.

[bookmark: _Ref71713216]Proposal 6: RAN1 physical-layer design should maximize the flexibility for RAN2 UE subgrouping enhancement. In particular, maximum number of UE subgroups per PO should be at least 8, and more PO/group paging rate cases, e.g., 10%, 20% - 60% should be considered (as was done in RAN1 LS to RAN2.

For characterizing UE power consumption, UE processing timeline should be specified. For PEI occasion, we assume it is placed after and close to the first SS burst. For PDCCH-based PEI, the PEI doesn’t provide sync functionality, and we assume there are at least two SS bursts between PEI and PO to ensure sufficient sync resource for low SNR case. In high SNR case, the time gap between PEI and PO is not changed, but UE can skip SS burst(s) for power saving. For sequence-based PEI (TRS or SSS), we assume up to one less SS burst between PEI and PO since the identified configurations can provide 300 REs (TRS-based PEI) and 264 REs (SSS-based PEI) as additional synchronization resource, similar to 252 REs (SSS and PBCH DMRS) available in a SSB.

[bookmark: _Ref71713124]Observation 7: A sequence-based PEI provides similar synchronization resource amount as a SSB, and one can assume up to one less SSB (burst) processing between PEI and PO when UE is indicated to monitor PO
[bookmark: _Ref71713130]
Observation 8:  Figure 1 and Figure 2 illustrate UE processing timelines with PDCCH-based PEI and TRS/SSS-based PEI, respectively.

[image: ]
[bookmark: _Ref71650908]Figure 1: UE processing timeline with PDCCH-based PEI

[image: ]
[bookmark: _Ref71650911]Figure 2: UE processing timeline with TRS-based PEI or SSS-based PEI

By the above, we can further specify and compare physical-layer designs for carrying UE subgroups indication. For PDCCH-based PEI, the strength is larger UE (sub)group indication capacity. From RAN1 observations sent to RAN2 [4], UE subgrouping can provide higher power saving gain when carried by PEI, compared with being carried by paging DCI. In this regard, we have the following proposal:

[bookmark: _Ref71713228]Proposal 7: For PDCCH-based PEI, subgroup indications for a PO are carried by PEI.

For TRS/CSI-RS-based PEI and SSS-based PEI, one PEI can indicate one UE (sub)group. To indicate 8 subgroups, there will require excessive resource of 8 PEIs. Consequently, PO-wise indication is suggested for sequence-based PEI. In case of 2 or 4 POs in a SS burst period, PEIs placed close to SS burst can be multiplexed using semi-static rate-matching patterns. For dynamic rate-matching, TRS/CSI-RS based PEIs should be configured in the same aperiodic ZP-CRS-RS rate-matching resource set, and SSS-based PEIs should be configured within the span of CORESET 0. Due to a common rate-matching indication, there is higher resource occupation probability when more PEIs share the same dynamic resource set. Consequently, we have the following proposals:

[bookmark: _Ref71713233]Proposal 8: For TRS/CSI-RS-based PEI, PO indication is carried by PEI while subgroup indications for a PO are carried by a paging DCI.
· In case of multiple POs in a SS burst period, multiple PEIs are FDMed in the resource configured by a common sp/periodic or aperiodic ZP-CSI-RS rate-matching resource set for semi-static or dynamic resource sharing with PDSCH of legacy UE, respectively.

[bookmark: _Ref71713238]Proposal 9: For SSS -based PEI, PO indication is carried by PEI while subgroup indications for a PO are carried by a paging DCI.
· In case of multiple POs in a SS burst period, multiple PEIs are multiplexed in the resource configured by semi-static RB-symbol rate-matching pattern(s) or CORESET 0 for semi-static or dynamic resource sharing with PDSCH of legacy UE, respectively.

With the above proposals, Table 3 to Table 5 provide the comparison for the PEI candidate designs over the average resource overhead per PO and the UE power saving gain. In particular, the following can be identified:
[bookmark: _Ref71713137]Observation 9: For NR idle/inactive-mode UEs, UE sub-grouping enhancement with paging early indication and 8 subgroups per PO can provide the following power saving gains w.r.t Rel-16 (details in Tables 3 -5):
· With PDCCH-based PEI:
· 18.0% –20.0% where the baseline assumes 1 SS burst for synchronization before PO reception
· 22.4% –23.2% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 28.7% –29.1% where the baseline assumes 3 SS bursts for synchronization before PO reception
· With TRS/CSI-RS-based PEI or SSS-based PEI:
·   7.6% –15.8% where the baseline assumes 1 SS burst for synchronization before PO reception
· 17.5% –21.4% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 20.3% –27.2% where the baseline assumes 3 SS bursts for synchronization before PO reception
· The PO paging rate considered ranges from 10% to 60%
[bookmark: _Ref71713145]
Observation 10: For NR idle/inactive-mode UEs, UE sub-grouping enhancement with paging early indication and 8 subgroups per PO requires the following worst-case average resource overhead per PO w.r.t Rel-16 (details in Tables 3 -5):
· With PDCCH-based PEI:
·   57.6 REs –   99.0 REs for PO paging rate of 10%
· 115.2 REs – 170.0 REs for PO paging rate of 20%
· 230.4 REs – 250.7 REs for PO paging rate of 40%
· 280.6 REs – 345.6 REs for PO paging rate of 60%
· With TRS/CSI-RS-based PEI:
· 300 REs for PO paging rate ranging from 10% to 60%
· With SSS-based PEI:
· 264 REs for PO paging rate ranging from 10% to 40%
· 264 REs – 280.6 REs for PO paging rate of 60%
· The PO number in a SS burst period considered ranges from 1 to 4
It can be observed that PDCCH-based PEI can achieve the best power saving gain and the least worst-case resource overhead when UE subgrouping enhancement is utilized. On the other hand, when PEI is not applied, there is limited gain with UE subgrouping enhancement. The following proposal is therefore suggested:

[bookmark: _Ref71713244]Proposal 10: PDCCH-based PEI is adopted to support UE subgrouping enhancement
· UE subgrouping enhancement is not applied if PEI is not configured


[bookmark: _Ref71660689]Table 3: Comparison of PEI candidate designs with number of POs in a SS burst period no larger than 1 and number of subgroups per PO set to 8
	
	PEI indication
	Paging DCI indication
	Average resource overhead (#REs) per PO @ PO paging rate of

	Power saving gain @ PO paging rate of

	
	
	
	
10%
	
20%
	
40%
	
60%
	#SSB before PO
	
10%
	
20%
	
40%
	
60%

	
UE subgrouping 
without PEI
	
N/A
	
8 subgroups
	
N/A
	1
	0.9%
	1.9%
	3.7%
	5.4%

	
	
	
	
	2
	0.6%
	1.3%
	2.5%
	3.7%

	
	
	
	
	3
	0.6%
	1.2%
	2.3%
	3.4%

	PDCCH-based PEI
· AL4  AL8 with 12-bit payload and 1 bit per subgroup
· Share CORESET 0 with legacy UEs
	
8 subgroups
	

No need
	
28.8

57.6
	
57.6

115.2
	
115.2

230.4
	
172.8

345.6
	1
	18.0%
	18.4%
	19.2%
	20.0%

	
	
	
	
	
	
	
	2
	22.4%
	22.5%
	22.8%
	23.2%

	
	
	
	
	
	
	
	3
	28.7%
	28.8%
	29.0%
	29.1%

	TRS/CSI-RS-based PEI
· 50-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: One sp ZP-CSI-RS rate-matching resource set of 1 TRS pattern
· (Dynamic resource sharing: One aperiodic ZP-CSI-RS rate-matching pattern set of 1 TRS patterns) †
	


1 PEI for 1 PO
	


8 subgroups
	


300

(30)
	


300

(60)
	


300

(120)
	


300

(180)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	SSS-based PEI
· 11-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: RB-symbol rate-matching pattern with 11 RBs and 2 symbols
· (Dynamic resource sharing: CORESET 0 of 576 REs) †
	


1 PEI for 1 PO
	


8 subgroups
	


264

(57.6)
	


264

(115.2)
	


264

(230.4)
	


264

(345.6)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	† : Whether dynamic resource sharing is available is not guaranteed (network dependent)




Table 4: Comparison of PEI candidate designs with number of POs in a SS burst period being set to 2 and number of subgroups per PO set to 8
	
	PEI indication
	Paging DCI indication
	Average resource overhead (#REs) per PO @ PO paging rate of

	Power saving gain @ PO paging rate of

	
	
	
	
10%
	
20%
	
40%
	
60%
	#SSB before PO
	
10%
	
20%
	
40%
	
60%

	PDCCH-based PEI
· 2 PEIs, each of AL4AL8 with 
12-bit payload and 1 bit per subgroup
· Share CORESET 0 with legacy UEs
	
8 subgroups per PEI  
2 PEIs
	

No need
	
28.8

57.6
	
57.6

115.2
	
115.2

230.4
	
172.8

345.6
	1
	18.1%
	18.6%
	19.6%
	20.6%

	
	
	
	
	
	
	
	2
	22.4%
	22.6%
	23.0%
	23.4%

	
	
	
	
	
	
	
	3
	28.7%
	28.7%
	28.8%
	28.9%

	TRS/CSI-RS-based PEI
· 2 PEIs each of 
50-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: One sp ZP-CSI-RS rate-matching resource set of 2 TRS patterns
· (Dynamic resource sharing: One aperiodic ZP-CSI-RS rate-matching resource set of 2 TRS patterns) †
	


2 POs indicated by 2 PEIs
	


8 subgroups
	


300

(57)
	


300

(108)
	


300

(192)
	


300

(252)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	SSS-based PEI
· 2 PEIs, each of 11-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: RB-symbol rate-matching pattern with 22 RBs and 2 symbols
· (Dynamic resource sharing: CORESET 0 of 576 REs) †
	



2 POs indicated by 2 PEIs
	



8 subgroups
	



264

(54.7)
	



264

(103.7)
	



264

(184.3)
	



264

(241.9)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	†: Whether dynamic resource sharing is available is not guaranteed (network dependent





[bookmark: _Ref71686369]Table 5: Comparison of PEI candidate designs with number of POs in a SS burst period being set to 4 and number of subgroups per PO set to 8
	
	PEI indication
	Paging DCI indication
	Average resource overhead (#REs) per PO @ PO paging rate of

	Power saving gain @ PO paging rate of

	
	
	
	
10%
	
20%
	
40%
	
60%
	#SSB before PO
	
10%
	
20%
	
40%
	
60%

	PDCCH-based PEI
· AL8 AL16 with 32-bit payload
· 1 bit per subgroup
	32 subgroups indicated by 1 PEI
	
No need
	
49.5

99.0
	
85.0

170.0
	
125.3

250.7
	
140.3

280.6
	1
	18.0%
	18.4%
	19.2%
	20.0%

	
	
	
	
	
	
	
	2
	22.4%
	22.5%
	22.8%
	23.2%

	
	
	
	
	
	
	
	3
	28.7%
	28.8%
	29.0%
	29.1%

	TRS/CSI-RS-based PEI
· 4 PEIs, each of 
50-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: One sp ZP-CSI-RS rate-matching resource set of 4 TRS patterns
· (Dynamic resource sharing: One aperiodic ZP-CSI-RS rate-matching resource set of 4 TRS patterns) †
	



4 POs indicated by 4 PEIs
	



8 subgroups
	



300
(103)
	



300

(177.1)
	



300

(261.1)
	



300

(292.3)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	SSS-based PEI
· 4 PEIs, each of 11-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: RB-symbol rate-matching pattern with 44 RBs and 2 symbols
· (Dynamic resource sharing: CORESET 0 of 1152 REs) †
	



4 POs indicated by 4 PEIs
	



8 subgroups
	



264

(99.0)
	



264

(170.0)
	



264

(250.7)
	



264

(280.6)
	
1
	
15.8%
	
14.1%
	
10.8%
	
7.6%

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

	†: Whether dynamic resource sharing is available is not guaranteed (network dependent)




For the case PO paging rate is low, say 10% or lower, and UE subgrouping enhancement may not be applied, Table 6 further compares the resource overhead and power saving gain. The following can be identified: 

[bookmark: _Ref71713153]Observation 11: When UE subgrouping enhancement is not applied and PO paging rate is low, assumed 10%, comparison of PEI candidate designs shows (with details in Table 6)
· With PDCCH-based PEI:
· Power saving gain of 14.8% - 25.3% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 20.5 REs – 41.0 REs where 1 PEI can indicate up to 8 POs 
· With TRS/CSI-RS-based PEI:
· Power saving gain of 14.8% - 26.6% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 30 REs – 300 REs where 1 PEI indicates 1 PO
· With SSS-based PEI:
· Power saving gain of 14.8% - 26.6% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 57.6 REs – 264 REs where 1 PEI indicates 1 PO
[bookmark: _Ref71713251]Proposal 11: PDCCH-based PEI is adopted for the best trade-off in power saving gain and average resource overhead per PO, with and without UE subgrouping enhancement

[bookmark: _Ref71690274]Table 6: Comparison of PEI candidate designs with 10% PO paging rate and without UE subgrouping enhancement
	
	PEI indication
	Average resource overhead (#REs) per PO
	Power saving gain

	
	
	
	#SSB before PO
	Gain (%)

	PDCCH-based PEI
· AL4 AL8 with 12-bit payload and 1 bit per PO
· Share CORESET 0 with legacy UEs
	

Up to 8 POs
	
20.5

41.0
	1
	14.8%

	
	
	
	2
	19.5%

	
	
	
	3
	25.3%

	TRS/CSI-RS-based PEI
· 50-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: One sp ZP-CSI-RS rate-matching resource set of 1 TRS pattern
· (Dynamic resource sharing: One aperiodic ZP-CSI-RS rate-matching pattern set of 1 TRS patterns) †
	


1 PO
	

300

(30)
	
1
	
14.8%

	
	
	
	
2
	
20.7%

	
	
	
	
3
	
26.6%

	SSS-based PEI
· 11-RB-and-2-symbol format with 1 PEI for 1 PO
· Semi-static resource sharing: RB-symbol rate-matching pattern with 11 RBs and 2 symbols
· (Dynamic resource sharing: CORESET 0 of 576 REs) †
	



1 PO
	


264

(57.6)
	
1
	
14.8%

	
	
	
	
2
	
20.7%

	
	
	
	
3
	
26.6%

	†: Whether dynamic resource sharing is available is not guaranteed (network dependent)





Specification for PEI candidates based on PDCCH, TRS/CSI-RS and SSS
By the above characterization, Table 7 summarizes the initial specification for the PEI candidate designs, and we can further discuss PEI occasion, UE procedure with PEI and additional indication/functionality. Note that the mapping between one PDCCH-based PEI and multiple POs will be inherently specified by PEI occasion determination.

[bookmark: _Ref71700393][bookmark: _Ref71714255]Table 7: Initial specification for PEI candidate designs
	
	PDCCH-based PEI
	TRS/CSI-RS based PEI
	SSS-based PEI

	Channel/signal specification
	Reuse Rel-15 PDCCH

FFS: DCI format and content
	Reuse Rel-15 TRS/CSI-RS

FFS: Modification on sequence generation, e.g., incorporating P-RNTI
	New multi-symbol SSS format needs to be defined
FFS: Sequence generation

	Support of Behv-A and/or Behv-B
	gNB configuration on either Behv-A or Behv-B
	Behv-A only
	Behv-A only

	Mapping to PO(s) and UE subgroup(s)
	· 1 PEI indicates all UE subgroups in a PO as well as multiple POs per available payload bit number.
· One bit per UE (sub)group as baseline
· PEI-PO mapping is specified by 
PEI occasion 
for a PO  
· Subgroup indication is not supported if PEI is not configured
	· 1 PEI indicates 1 PO

· Subgroup indication by paging DCI
· FFS how to utilize reserved bits

· Subgroup indication is not supported if PEI is not configured

	· 1 PEI indicates 1 PO

· Subgroup indication by paging DCI
· FFS how to utilize reserved bits

· Subgroup indication is not supported if PEI is not configured

	PEI occasion
	Periodic resources for potential PEI occasion is specified by CORESET 0 and a broadcasted search space set setting.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resources subject to a non-negative time gap before the start of the PO
· FFS: Time gap range
	Periodic resources for potential PEI occasion is specified by a set of periodic TRS patterns.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resource subject to a non-negative time gap before the start of the PO
· FFS: Time gap range

	Periodic resources for potential PEI occasion is specified by a set of periodic RB-symbol patterns.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resource subject to a non-negative time gap before the start of the PO
· FFS: Time gap range


	UE procedure with PEI
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO is according to Behv-A/B configured.
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO follows Behv-A.
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO follows Behv-A.

	Additional indication
	· SI update and ETWS indication
· TRS availability indication (also related to TRS agenda)
	No
	No




For PEI occasion design, the general framework for different PEI candidate designs can be the same, comprising of
1. Broadcast of periodic resources as potential PEI occasions, illustrated as yellow blocks in Figure 3. The offset from a SS burst should be confined so as to maximize UE power saving gain.
2. UE determines the PEI occasion as the nearest period of resources before a specified time gap from its PO

[bookmark: _Ref71713280]Proposal 12: PEI occasion determination is based on
· Broadcast of periodic resources for potential PEI occasions
· PEI occasion as the nearest period of resources before a specified time gap from UE’s PO

[bookmark: _Ref71713290]Proposal 13: UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO is according to Behv-A/B configured or specified.

[image: ]
[bookmark: _Ref71703833][bookmark: _Ref71714210]Figure 3: Illustration of PEI occasion association

In addition to paging occasion, the larger indication capacity of PDCCH-based PEI can provide benefit by providing additional indications. In particular, for SI update or ETWS indication, the indication typically last for a certain time duration, and UE doesn’t need to repeatedly wake-up for PO monitoring. Indication in PEI can therefore help UE to reduce such unnecessary PO monitoring. For TRS availability indication, PEI also provides the benefit to timely provide the indication to R17 UEs, which in turn allows gNB to flexibly adapt TRS availability. Note that UE is expected to support all idle-mode features since gNB cannot distinguish different UEs. For optimized idle/mode UE power saving, TRS info feature is expected to be jointly applied with PEI.

[bookmark: _Ref71713300]Proposal 14: For PDCCH-based PEI, the following indications are additionally supported:
· SI update and ETWS indication
· TRS availability indication
· Note: UE is expected to support all idle-mode features since gNB cannot distinguish different UEs



[bookmark: _Ref68686484]Summary
In this contribution, the following are investigated 
· Characteristics of PEI physical-layer candidate designs from RAN1 #104-bis-e observations
· Physical-layer design and comparison with UE subgrouping enhancement
· Specification for PEI physical-layer design based on PDCCH, TRS/CSI-RS or SSS 

In particular, the following observations and proposals are provided:

Observation 1: It is optional UE capability for Rel-15 UE to support more than one CORESET in addition to CORESET 0 in FR1, as specified by the IE, multipleCORESET, in TS 38.306 (Release 15)

Table 1: UE capability IE related to supported number of CORESETs in TS 38.306
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	multipleCORESET
Indicates whether the UE supports configuration of up to two PDCCH CORESETs per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. If this is not supported, the UE supports one PDCCH CORESET per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. It is mandatory with capability signaling for FR2 and optional for FR1.
	UE
	CY
	No
	Yes




Observation 2: Since the frequency span of the CORESET in addition to CORESET 0 can exceed idle-mode UE reception bandwidth, SSS-based PEI can only utilize CORESET 0 to guarantee dynamically sharing PDSCH of Rel-15 UE.

Observation 3: For SSS-based PEI, CORESET0 has at least the following limitations:
· Multi-symbol format is not always available (as the example quoted in Table 2)
· Minimum RE number in CORESET 0 is at least 576 REs for FR1, which in turn bounds the minimum resource overhead for dynamically sharing PDSCH of REl-15 UE.

Table 2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16




Proposal 1: For SSS-based PEI, semi-static sharing PDSCH of Rel-15 UE should be assumed as baseline.
· Dynamically sharing PDSCH of Rel-15 UE based on CORESET 0, if available, will occupy at least 576 REs when a SSS-based PEI is transmitted.


Proposal 2: For PDCCH-based PEI, dynamically sharing CORESET 0 of Rel-15 UE is supported.


Proposal 3: For PDCCH-based PEI, Behv-A or Behv-B is configurable by gNB for prioritization on PEI or legacy PEI, accordingly.


Observation 4: For TRS/CSI-RS-based PEI, dynamic sharing PDSCH of Rel-15 UE is conditioned on:
· There can configure at least one aperiodic ZP-CSI-RS rate-matching resource set to all Rel-15 connected-mode UEs out of the maximum of three resource sets supported by each Rel-15 UE.
· gNB can manage the performance impact to UEs receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0 since those UEs will assume the PEI occasion can be used for PDSCH even when PEI is transmitted.


Proposal 4: For TRS/CSI-RS-based PEI, semi-static sharing PDSCH of Rel-15 should be assumed as baseline.
· Dynamically sharing PDSCH of Rel-15 UE, if available, should utilize at most one aperiodic ZP-CSI-RS rate-matching resource set for the minimum impact to Rel-15 network.


Observation 5: From the identified configurations based on evaluation results from more than one company, PDCCH-based PEI achieves the best resource overhead when UE subgrouping is not incorporated. Being able to indicate multiple POs with 1 PEI is the distinguishing factor.


Proposal 5: For PDCCH-based PEI, exploiting DCI payload bits for indicating multiple UE (sub)groups is supported.
· Note: From UE monitoring perspective, there is only one PEI occasion for a targeted PO.
Observation 6: From the identified configurations based on evaluation results from more than one company,
· UE (sub)group indication capacity per PDCCH-based PEI of AL4/AL8 is 12 bits
· AL4 or AL8 can be selected by network according paging PDSCH TB scaling setting
· UE (sub)group indication capability per PDCCH-based PEI of AL8/AL16 can be increased to 48 bits since AL8/AL16 of 48-bit payload and 24-bit CRC has the same code rate as AL/4AL8 of 12-bit payload and 24-bit CRC
· UE (sub)group indication capacity per TRS/CSI-RS-based PEI of 50-RB-and-1-slot format is 1 bit
· UE (sub)group indication capacity per SSS-based PEI is of 11-RB-and-2-symbol format is 1 bit
· Note: By X bits, it means there can provide 2^X states with the resource of an identified PEI physical-layer configuration. For X > 1 bit, there is additional design flexibility in mapping the states to the paging combination of associated UE (sub)groups. For ease of comparison, we assume one bit is mapped to one UE (sub)group in later analyses.


Proposal 6: RAN1 physical-layer design should maximize the flexibility for RAN2 UE subgrouping enhancement. In particular, maximum number of UE subgroups per PO should be at least 8, and more PO/group paging rate cases, e.g., 10%, 20% - 60% should be considered (as was done in RAN1 LS to RAN2.


Observation 7: A sequence-based PEI provides similar synchronization resource amount as a SSB, and one can assume up to one less SSB (burst) processing between PEI and PO when UE is indicated to monitor PO


Observation 8:  Figure 1 and Figure 2 illustrate UE processing timelines with PDCCH-based PEI and TRS/SSS-based PEI, respectively.


Proposal 7: For PDCCH-based PEI, subgroup indications for a PO are carried by PEI.


Proposal 8: For TRS/CSI-RS-based PEI, PO indication is carried by PEI while subgroup indications for a PO are carried by a paging DCI.
· In case of multiple POs in a SS burst period, multiple PEIs are FDMed in the resource configured by a common sp/periodic or aperiodic ZP-CSI-RS rate-matching resource set for semi-static or dynamic resource sharing with PDSCH of legacy UE, respectively.


Proposal 9: For SSS -based PEI, PO indication is carried by PEI while subgroup indications for a PO are carried by a paging DCI.
· In case of multiple POs in a SS burst period, multiple PEIs are multiplexed in the resource configured by semi-static RB-symbol rate-matching pattern(s) or CORESET 0 for semi-static or dynamic resource sharing with PDSCH of legacy UE, respectively.


Observation 9: For NR idle/inactive-mode UEs, UE sub-grouping enhancement with paging early indication and 8 subgroups per PO can provide the following power saving gains w.r.t Rel-16 (details in Tables 3 -5):
· With PDCCH-based PEI:
· 18.0% –20.0% where the baseline assumes 1 SS burst for synchronization before PO reception
· 22.4% –23.2% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 28.7% –29.1% where the baseline assumes 3 SS bursts for synchronization before PO reception
· With TRS/CSI-RS-based PEI or SSS-based PEI:
·   7.6% –15.8% where the baseline assumes 1 SS burst for synchronization before PO reception
· 17.5% –21.4% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 20.3% –27.2% where the baseline assumes 3 SS bursts for synchronization before PO reception
· The PO paging rate considered ranges from 10% to 60%



Observation 10: For NR idle/inactive-mode UEs, UE sub-grouping enhancement with paging early indication and 8 subgroups per PO requires the following worst-case average resource overhead per PO w.r.t Rel-16 (details in Tables 3 -5):
· With PDCCH-based PEI:
·   57.6 REs –   99.0 REs for PO paging rate of 10%
· 115.2 REs – 170.0 REs for PO paging rate of 20%
· 230.4 REs – 250.7 REs for PO paging rate of 40%
· 280.6 REs – 345.6 REs for PO paging rate of 60%
· With TRS/CSI-RS-based PEI:
· 300 REs for PO paging rate ranging from 10% to 60%
· With SSS-based PEI:
· 264 REs for PO paging rate ranging from 10% to 40%
· 264 REs – 280.6 REs for PO paging rate of 60%
· The PO number in a SS burst period considered ranges from 1 to 4


Proposal 10: PDCCH-based PEI is adopted to support UE subgrouping enhancement
· UE subgrouping enhancement is not applied if PEI is not configured


Observation 11: When UE subgrouping enhancement is not applied and PO paging rate is low, assumed 10%, comparison of PEI candidate designs shows (with details in Table 6)
· With PDCCH-based PEI:
· Power saving gain of 14.8% - 25.3% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 20.5 REs – 41.0 REs where 1 PEI can indicate up to 8 POs 
· With TRS/CSI-RS-based PEI:
· Power saving gain of 14.8% - 26.6% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 30 REs – 300 REs where 1 PEI indicates 1 PO
· With SSS-based PEI:
· Power saving gain of 14.8% - 26.6% where the baseline assumes 1 - 3 SS bursts for synchronization before PO reception
· Average resource overhead per PO of 57.6 REs – 264 REs where 1 PEI indicates 1 PO


Proposal 11: PDCCH-based PEI is adopted for the best trade-off in power saving gain and average resource overhead per PO, with and without UE subgrouping enhancement


Proposal 12: PEI occasion determination is based on
· Broadcast of periodic resources for potential PEI occasions
· PEI occasion as the nearest period of resources before a specified time gap from UE’s PO

[image: ]

Figure 3: Illustration of PEI occasion association

Proposal 13: UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO is according to Behv-A/B configured or specified.


Proposal 14: For PDCCH-based PEI, the following indications are additionally supported:
· SI update and ETWS indication
· TRS availability indication
· Note: UE is expected to support all idle-mode features since gNB cannot distinguish different UEs

Table 7: Initial specification for PEI candidate designs

	
	PDCCH-based PEI
	TRS/CSI-RS based PEI
	SSS-based PEI

	Channel/signal specification
	Reuse Rel-15 PDCCH

FFS: DCI format and content
	Reuse Rel-15 TRS/CSI-RS

FFS: Modification on sequence generation, e.g., incorporating P-RNTI
	New multi-symbol SSS format needs to be defined
FFS: Sequence generation

	Support of Behv-A and/or Behv-B
	gNB configuration on either Behv-A or Behv-B
	Behv-A only
	Behv-A only

	Mapping to PO(s) and UE subgroup(s)
	· 1 PEI indicates all UE subgroups in a PO as well as multiple POs per available payload bit number.
· One bit per UE (sub)group as baseline
· PEI-PO mapping is specified by 
PEI occasion 
for a PO  
· Subgroup indication is not supported if PEI is not configured
	· 1 PEI indicates 1 PO

· Subgroup indication by paging DCI
· FFS how to utilize reserved bits

· Subgroup indication is not supported if PEI is not configured

	· 1 PEI indicates 1 PO

· Subgroup indication by paging DCI
· FFS how to utilize reserved bits

· Subgroup indication is not supported if PEI is not configured

	PEI occasion
	Periodic resources for potential PEI occasion is specified by CORESET 0 and a broadcasted search space set setting.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resources subject to a non-negative time gap before the start of the PO
· FFS: Time gap range
	Periodic resources for potential PEI occasion is specified by a set of periodic TRS patterns.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resource subject to a non-negative time gap before the start of the PO
· FFS: Time gap range

	Periodic resources for potential PEI occasion is specified by a set of periodic RB-symbol patterns.
· Start of each period should be close and at/after a SS burst
· FFS: How close to a SS burst

For a PO, PEI occasion corresponds to the nearest period of resource subject to a non-negative time gap before the start of the PO
· FFS: Time gap range


	UE procedure with PEI
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO is according to Behv-A/B configured.
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO follows Behv-A.
	UE monitors one PEI occasion for its assigned PO and subgroup. Whether UE needs to monitor PO follows Behv-A.

	Additional indication
	· SI update and ETWS indication
· TRS availability indication (also related to TRS agenda)
	No
	No
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