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Introduction
In RAN1#104 e-meeting [1][2], agreements are made for companies to conduct further evaluations and comparisons for all Paging Early Indication (PEI) candidate designs. In addition to comparing PEI candidate designs, RAN1 also agree to further study how to provide indication for UE subgroups over PEI and/or paging PDCCH:

In this document, Section 2 is devoted for comparison and selection of PEI candidate designs and Section 3 is devoted for the study of physical layer design for carrying subgroups information. Section 4 for other PEI design details, and Section 5 will summarize the agreements and suggestions for RAN1 #105-e meeting.

[bookmark: _Ref68447539]Comparison of PEI Candidate Designs
The PEI candidate designs are related to physical channel/signal and Behv-A/B, where the description of Behv-A/B is quoted as follows:

	Agreements:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO




Effectively, there are six candidate designs being compared:

	Behv-A:  UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

	PEI-PDCCH-A
	PEI-SSS-A
	PEI-TRS-A

	Behv-B: UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

	PEI-PDCCH-B
	PEI-SSS-B
	PEI-TRS-B



If only the physical channel/signal is considered, the following terminology for PEI candidate designs will be referred:
· PDCCH-based PEI
· Sequence-based PEI
· SSS-based PEI
· TRS based PEI 

[bookmark: _Ref68447682]Coexistence with Rel-15 Channels/Signals
In this subsection, collection and statistics of companies’ views related to coexistence with Rel-15 channels/signals with respect to the following agreement in RAN1 #104-e [1][2] will be first provided before further discussion and decision on the potential observation(s) and proposal(s).
 
	Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
o   Other multiplexing method with legacy channels/signals can be additionally reported with justification





Table 1: Companies’ views related to coexistence
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Observation 2. DCI based PEI can fully support coexistence with the legacy downlink physical layer channels/signals of legacy UE based on Rel-15 specifications.
Observation 3. Semi-statically configured rate matching pattern needs to be used to multiplex SSS-based PEI and PDSCH(s) of legacy UE.
Observation 4. It can only rely on gNB to carefully handle the overlapping of SSS-based PEI with PDCCH(s) of legacy UE and SSB.
Observation 5. Rel-15 only supports up to 3 aperiodic ZP-CSI-RS resource sets per BWP and it is expected that there is no available ZP-CSI-RS resource set for the coexistence of TRS/CSI-RS based PEI
[bookmark: _Ref68617144]Observation 6. Semi-static RB-level rate matching pattern is expected to be used for the coexistence of TRS/CSI-RS based PEI.
[bookmark: _Ref67576325][bookmark: _Ref67576318]Table 2. Summary of the co-existence of PEI candidate design with legacy UE
	
	General coexistence method
	Coexistence with PDSCH of legacy UE
	Coexistence with PDCCH of legacy UE
	Coexistence with SSB

	DCI based PEI
	A CORESET that can be shared with legacy UE
	The Rel-15 supports the multiplexing CORESET with PDSCHs from different UEs.
	The Rel-15 PDCCH design supports the multiplexing between PDCCHs from different UEs.
	Follow Rel-15 behavior: UE is not required to monitor the PDCCH candidate colliding with SSB. 

	SSS based PEI
	Semi-static RB-level rate matching pattern
	Based on UE capability #5-27, dynamic RB-level rate matching is an optional capability
	Not defined in legacy specification for a new SSS based PEI and legacy UE’s PDCCH, SSB and SIB1. Legacy UE cannot handle it.
gNB needs to carefully handle it.

	TRS/CSI-RS based PEI
	Semi-static RB-level rate matching pattern
	Dynamic rate matching is mandatory feature. However only 3 aperiodic ZP-CSI-RS resource sets for one BWP are supported at most.
	Legacy UE assumes reception of PDCCH/SSB regardless of whether they collide with ZP CSI-RS or not.
gNB needs to carefully handle it.




	OPPO
	
Observation 6: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 


	Spreadtrum
	For co-existence, both sequence-based PEI and DCI-based PEI can be semi-statically configured and associated to PO(s), and thereby there is no co-existence issue.

For impact to legacy UEs, it may be related to the resource overhead. For Behv-A, the PEI (sequence-based) can be DTXed at gNB side. Whether the resource due to gNB DTX can be used for the existing channels/signals transmission should be FFS. Because legacy UEs cannot perform the dynamic rate matching, the empty resource due to gNB DTX is hard to be used by legacy UEs. In other words, the empty resource due to gNB DTX should be reserved and unused. Therefore, the above evaluation of resource overhead for Behv-A may be too optimistic, as the empty resource due to gNB DTX is not taken into account for the resource overhead of PEI for Behv-A.


	vivo
	
Observation 7: Sequence-based PEI can be well co-existed with legacy signals/channels.


	ZTE
	[bookmark: _Toc68277923][bookmark: _Toc68621486][bookmark: _Toc16229]Observation 17: To co-exist with other signals/channels, the mechanisms in the current specifications can be reused for DCI based PEI. However, new mechanisms are needed for sequence based PEI to resolve the resource collision with other signals/channels.

	CATT
	Observation 5: Regardless DCI-based PEI or sequence-based PEI, the semi-static rate matching pattern and dynamic rate matching pattern are supported in current specification. Up to 2bits in DCI format 1_1 are used to indicate the dynamic rate matching pattern.

Proposal 2: The sequence-based PEI can co-exist well with existing channels and signals.


	MediaTek
	[bookmark: _Ref68693822][bookmark: _Ref68693892]Observation 1: PEI-PDCCH-A can co-exist with all Rel-15 channels/signals by sharing a CORESET of legacy PDCCHs. By virtue of UE blind decoding, there requires no gNB indication for whether the control resource is occupied by PEI-PDCCH or not.

[bookmark: _Ref68694047]Observation 2: PEI-TRS-A can conditionally co-exist with Rel-15 PDSCH channels by utilizing up to 3 rate-matching pattern(s) provided by aperiodic-ZP-CSI-RS-ResourceSetsToAddModList. gNB can indicate whether or not a Rel-15 UE should skip the indicated aperiodic ZP-CSI-RS resources, and Rel-15 UE is mandated to support the dynamic gNB indication via DCI format 1_1. On the other hand, For UE receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0, the UE assumes the REs corresponding to configured resources in aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are available for PDSCH. There is performance impact to the UE if PEI-TRS-A is transmitted (Sec. 5.1.4.2 TS 38.214).

Observation 3: PEI-SSS-A can co-exist with Rel-15 PDSCH channels by leverage Rel-15 RB symbol rate-matching patterns. However, according to TS 38.822 UE feature list (Release 15), UE is only mandated to support “Semi-static rate-matching resource set configuration for DL” (feature 5-26), and thus static resource occupation by PEI-SSS-A should be taken into account.
[bookmark: _Ref68694084]
Observation 4: With Behv-B assumed, gNB can have the flexibility to drop PEI when conflicting with a legacy PDCCH or PDSCH channel. However, for PEI-TRS-B or PEI-SSS-B, the PEI signal may not be present when UE is required to monitoring PO, and UE processing timeline will be the same as with PEI-PDCCH-B.

Table 2: Comparison of available Rel-15 coexistence schemes for PEI candidate designs
	Metric
	Behv-A: UE is not required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-A
	PEI-TRS-A
	PEI-SSS-A

	Coexistence
	Dynamic occupation of control resource
· No need of gNB indication by virtue of 
UE blind decoding
	Dynamic occupation of PDSCH resource
· Use of aperiodic ZP-CSI-RS rate-matching pattern
· It requires DCI format 1_1 indication and UE will assume the resources available for PDSCH scheduled by format 1_0.
	Static (dynamic) occupation of PDSCH resource 
· R15 UE is only mandated to support semi-static RB symbol rate-matching via RRC configuration 
(Optional support for dynamic rate-matching)

	Metric
	Behv-B: UE is required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-B
	PEI-TRS-B
	PEI-SSS-B

	Coexistence
	Dynamic occupation of control resource
· gNB trade-off in resource priority and UE power saving when PEI conflicts with other PDCCH(s)
	Dynamic occupation of PDSCH resource
· gNB trade-off in resource priority and UE power saving when PEI conflicts with other PDSCH(s)
· PEI presence is not guaranteed if UE is required to monitor PO




	Panasonic
	Observation 7: With some control overhead, all the three design candidates may coexist with existing control and data channel without major issue.
Observation 8: By implementation, CSI-RS based PEI design can be CDMed with CSI-RS for other UEs and purposes thus possibly be free of additional overhead.

	CMCC
	

	Xiaomi
	Observation 3: DCI-based PEI can reuse legacy DCI format and PDCCH search space/CORESET configuration while sequence-based PEI needs extra specification design.

Observation 5: Sequence-based PEI, especially TRS/CSI-RS, can easily encounter resource conflicting issue with legacy channels/signals.

Observation 6: SSS-based PEI may be mistaken as SSS for cell identification/synchronization by legacy UEs. 


	Intel
	

	Apple
	

	Qualcomm
	

	Samsung
	
Observation 2: SSS based PEI has to consider modification on sequence generation to avoid impact on SSB based synchronization.

Observation 3: TRS/CSI-RS based PEI has flexible configuration for both time/frequency resource allocation and RE mapping within a slot.

Proposal 1: Support rate-matching and/or power boosting for co-existence of RS-based PEI and legacy signal/channel. 


	Sony
	

	LG
	

	Nokia
	Observation: PDCCH-based EPI multiplexing with Connected Mode UEs is most straight forward, while with different mechanisms multiplexing of TRS-EPI and SSS-EPI with Connected mode UEs can be achieved. PDCCH-EPI would affect PDCCH capacity, while TRS- and SSS-EPI would impact to the PDSCH capacity. Resource reservation for TRS and SSS-based EPI would depend on the number of sub-groups supported per single SSS-sequence or TRS resource set. 

Observation: In TRS- and SSS-based EPI design sufficient sequence space would need to be reserved to avoid collisions between neigbourings cells.


	InterDigital
	

	NTT DoCoMo
	Observation 6: From co-existence point of view, DCI-based PEI is better than other methods. 

Proposal 1: Considering co-existence with existing channel/signal, if UE does not detect DCI-based PEI, the UE should wake up and monitor the corresponding PO.


	Lenovo
	

	Ericsson
	[bookmark: _Toc68638325]Observation 4     Dynamic resource reservation through “Rate matching indicator” in DCI is an optional UE capability and can therefore not be assumed for legacy UEs.
[bookmark: _Toc68638326]Observation 5    Reserved (semi-)static resources for the sake of potential PEI transmission locks up resources even though no paging occurs. Furthermore, these reserved resources cannot be communicated to UEs in idle/inactive mode and would therefore limit the occasions used for broadcast transmission.

	Nordic
	

	
	



From companies’ views, Rel-15 multiplexing schemes can be utilized (together with proper gNB handling if necessary) for PEI coexistence with Rel-15 channels. In particular, the following observation is suggested:

Observation 1:
For the coexistence between paging early indication with Rel-15 channels/signals, Rel-15 multiplexing schemes with gNB handling if necessary are summarized as follows:

	
	General coexistence method
	Coexistence with PDSCH of legacy UE
	Coexistence with PDCCH of legacy UE
	Coexistence with SSB

	PDCCH-based PEI
	A CORESET that can be shared with legacy UE
	The Rel-15 supports the multiplexing CORESET with PDSCHs from different UEs.
	The Rel-15 PDCCH design supports the multiplexing between PDCCHs from different UEs.
	Follow Rel-15 behavior: UE is not required to monitor the PDCCH candidate colliding with SSB. 

	SSS-based PEI
	Semi-static RB-level rate matching pattern
	Based on UE capability #5-27, dynamic RB-level rate matching is an optional capability
	Not defined in legacy specification for a new SSS based PEI and legacy UE’s PDCCH, SSB and SIB1. Legacy UE cannot handle it.
gNB needs to carefully handle it.

	TRS/CSI-RS-based PEI
	Semi-static RB-level rate matching pattern
	Dynamic rate matching is mandatory feature. However only 3 aperiodic ZP-CSI-RS resource sets for one BWP are supported at most.
	Legacy UE assumes reception of PDCCH/SSB regardless of whether they collide with ZP CSI-RS or not.
gNB needs to carefully handle it.




Based on companies’ inputs in “Feedback_forms_for_R1-2103848.pdf” in the same zip file, the following updated Observation 1’ is suggested:

Observation 1’:
For the coexistence between paging early indication with Rel-15 channels/signals, Rel-15 multiplexing schemes with additional gNB handling, if necessary, are summarized as follows:

	
	Coexistence with PDSCH
	Coexistence with PDCCH
	Coexistence with SSB

	
PDCCH-based PEI
	
[Sec. 5.1.4.1 TS 38.214]
· Semi-static rate-matching
· Dynamic rate-matching
· Based on UE capability #5-27 which is optional [TR 38.822] 
· Based on DCI format 1_1 only, and UE assumes the rate-matched REs are not available for PDSCH by DCI format 1_0

	
[Sec. 10 TS 38.213]
· Transparent to Rel-15 UEs by virtue of mandatory support of blind decoding

	
[Sec. 10 TS 38.213]
· Rel-15 UEs is not required to monitor the PDCCH candidate colliding with SSB. 

	
SSS-based PEI
	
	
UE behaviour is not defined in Rel-15 specification.
gNB should manage detection performance impact to Rel-15 UEs.

	
TRS/CSI-RS-based PEI
	[Sec. 5.1.4.2 TS 38.214]
· Semi-static rate-matching
· Dynamic rate-matching
· Based on UE capability #2-33a which is mandatory 
[TR 38.822] 
· Based on DCI format 1_1 only
· UE assumes the rate-matched REs are available for PDSCH by DCI format 1_0, and gNB should manage detection performance impact to Rel-15 UEs.
	
UE behaviour is not defined in Rel-15 specification.
gNB should manage detection performance impact to Rel-15 UEs.




After further email discussion in RAN1 email reflector, titled by “[104b-e-NR-R17-PowSav-01] Email discussion on potential paging enhancements”, the following observation, focusing on coexistence with legacy PDCSH, is agreed:

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



[bookmark: _Ref68447690][bookmark: _Ref68540234]Paging Detection Performance Check
In this subsection, collection and statistics of companies’ views related to identifying the required physical resource amount and the subgroup indication capacity with respect to the following agreement in RAN1 #104-e [1][2] will be first provided before further discussion and decision on the potential observation(s) and proposal(s).

	Agreement:
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
0. When Behv-A is assumed: 
0. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
1. The MDR of PEI should be no larger than [1%]
0. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

Alt 2 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
1. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions











Table 2: Companies’ views related to paging detection performance check
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Observation 1: To fulfil the requirement of joint detection performance of PEI and paging DCI is no worse than 1% at the SNR where the MDR of paging PDSCH is 1%, the required transmissions or configurations for different physical layer candidates are listed in Table 1.
[bookmark: _Ref67669412]Table 1 Minimum resource requirement of PEI candidates for BLER1% of paging PDSCH
	Required transmission/configuration of each PEI candidate
	DCI based PEI
(12 bits payload)
	SSS based PEI
	TRS based PEI

	2T4R UE
(e.g. non-RedCap UE)
	Behv-A
	AL4
	127RE*2symbol
	TRS pattern within 28RB and 1slot

	
	Behv-B
	AL4
	127RE*2symbol
	TRS pattern within 28RB and 1slot

	2T2R UE
(e.g. RedCap UE)
	Behv-A
	AL4
	127RE*2symbol
	TRS pattern within 28RB and 1slot

	
	Behv-B
	AL4
	127RE*2symbol
	TRS pattern within 28RB and 1slot




	OPPO
	Observation 1: The DCI-based PEI and TRS-based PEI can achieve better paging indication performance than paging PDSCH at 1% MDR for Behv-A and Behv-B.
Observation 2: The SSS-based PEI can’t meet performance requirement at 1% MDR of paging PDSCH for Behv-A and Behv-B.
Observation 3: DCI-based PEI can support larger number of subgroups indication.

Table 2 The performance of Behv-A and Behv-B
	UE Behavior
	PDSCH TB Scaling
	Paging PDCCH AL
	PEI candidate designs
	Detection method
	Occupied REs
	maximum number of subgroups
	Meet the performance
	Average resource occupation

	Behv-A
	1
	8
	DCI-based PEI(AL4)
	coherent detection
	288REs
	12
	Yes
	17.2REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	30REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	-----

	
	0.5
	16
	DCI-based PEI(AL8)
	coherent detection
	576REs
	12
	Yes
	34.4REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	30REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	------

	Behv-B
	1
	8
	DCI-based PEI(AL4)
	coherent detection
	288REs
	12
	Yes
	24.0REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	270REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	-----

	
	0.5
	16
	DCI-based PEI(AL8)
	coherent detection
	576REs
	12
	Yes
	48REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	270REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	----




	Spreadtrum
	

	vivo
	[bookmark: _Hlk68114767]Observation 8: Performance of sequence-based PEI will not degrade with the increasing of number of subgroups, if a common sequence is introduced to wake up no less than two sub-groups.

Observation 9: If the DCI size of DCI based-PEI is less DCI format 1-0/0-0, UE need to decode two DCI size in idle state. If the DCI size of DCI based-PEI is aligned DCI format 1-0/0-0, the performance of DCI-based PEI is less reliable.

Observation 10: The performance of SSS-like based PEI and TRS-like based PEI outperforms that of DCI-based PEI.


[image: ][image: ]
(a) Alt-1 Behaviour -A                                                          (b) Alt-1 Behaviour-B
[image: ][image: ]
(c) [bookmark: _Ref53952468]Alt-2 Behaviour -A                                                          (d) Alt-2 Behaviour-B
Figure 5: Performance of PEI signals and channels


	ZTE
	[bookmark: _Toc26777][bookmark: _Toc68277903][bookmark: _Toc893][bookmark: _Toc68621467][bookmark: _Toc24155][bookmark: _Toc28396][bookmark: _Toc16065][bookmark: _Toc985]Observation 1: For Behv-A/B, DCI based PEI with AL 4 fulfills the performance required by paging PDSCH without TB scaling; DCI based PEI with AL 8 fulfills the performance required by paging PDSCH with TB scaling=0.5.
Observation 2: DCI based PEI with AL adaptation provides more flexibility and better coverage.
[bookmark: _Toc68277905][bookmark: _Toc11359][bookmark: _Toc25885][bookmark: _Toc6286][bookmark: _Toc68621469][bookmark: _Toc12231]Observation 3: For Behv-A, a two-symbol TRS-like PEI with 144x2 REs@FAR=1% fulfills the performance required by the paging PDSCH without scaling. 
[bookmark: _Toc68277906][bookmark: _Toc11861][bookmark: _Toc2395][bookmark: _Toc5493][bookmark: _Toc68621470][bookmark: _Toc913][bookmark: _Toc19960][bookmark: _Toc25648][bookmark: _Toc13470][bookmark: _Toc68277907][bookmark: _Toc68621471][bookmark: _Toc12116]Observation 4: For Behv-A, TRS-like PEI with more than two symbols is needed to fulfill the JMDR performance requirement when the paging PDSCH is configured with TB scaling 0.5. 
[bookmark: _Toc3642][bookmark: _Toc5000][bookmark: _Toc8742][bookmark: _Toc68277908][bookmark: _Toc68621472][bookmark: _Toc4634]Observation 5: For Behv-B, TRS-like PEI with FAR=1% cannot meet the performance requirement. A two-symbol TRS-like PEI with 144x2 REs@FAR=0.1% fulfills the performance required by the paging PDSCH without scaling. 
Observation 6: For Behv-B, TRS-like PEI with more than two symbols is needed to fulfill the MDR performance requirement when the paging PDSCH is configured with TB scaling 0.5. 
[bookmark: _Toc68621473][bookmark: _Toc17017][bookmark: _Toc27075][bookmark: _Toc10696][bookmark: _Toc68277909][bookmark: _Toc25928]Observation 7: For Behv-A, a new SSS pattern, i.e., two-symbol SSS-like PEI with 127x2 REs@FAR=1%, fulfills the performance required by the paging PDSCH without scaling. 
[bookmark: _Toc12207][bookmark: _Toc1954][bookmark: _Toc68277910][bookmark: _Toc13609][bookmark: _Toc68621474][bookmark: _Toc12333]Observation 8: For Behv-A, SSS-like PEI with more than two symbols is needed to fulfill the JMDR performance requirement when the paging PDSCH is configured with TB scaling 0.5. 
[bookmark: _Toc8067][bookmark: _Toc10015][bookmark: _Toc24614][bookmark: _Toc68277911][bookmark: _Toc68621475][bookmark: _Toc7526][bookmark: OLE_LINK1]Observation 9: For Behv-B, SSS-like PEI with FAR=1% cannot meet the performance requirement. A new SSS pattern, i.e., two-symbol SSS-like PEI with 127x2 REs@FAR=0.1%, fulfills the performance required by the paging PDSCH without scaling. 
[bookmark: _Toc529][bookmark: _Toc15366][bookmark: _Toc21634][bookmark: _Toc68277912][bookmark: _Toc68621476][bookmark: _Toc23152]Observation 10: For Behv-B, SSS-like PEI with more than two symbols is needed to fulfill the MDR performance requirement when the paging PDSCH is configured with TB scaling 0.5. 
Table 1 Performance comparison between DCI-based PEI, TRS-like PEI and SSS-like PEI 
	
	TB scaling =1
	TB scaling =0.5

	
	Behv-A
	Behv-B
	Behv-A
	Behv-B

	DCI based PEI
	AL=4
	Yes
	Yes
	No
	No

	
	AL=8
	Yes
	Yes
	Yes
	Yes

	TRS-like PEI with two symbs
	FAR=1%
	Yes
	No
	No
	No

	
	FAR=0.1%
	/
	Yes
	No
	No

	SSS-like PEI with two symbs
	FAR=1%
	Yes
	No
	No
	No

	
	FAR=0.1%
	/
	Yes
	No
	No




	CATT
	
Proposal 1: For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, Behv-A is supported. 
· Behv-A:
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO


Observation 2: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of joint MDR of Alt 1 or MDR of Alt 2.
[image: ][image: ]
(a): Alt 1(Mandatory metric)                               (b): Alt 2(Optional metric)
Figure 5: Detection performance of 12 bits DCI-based PEI and sequence-based PEI with behavior-A


Observation 3: The detection performance of TRS-based PEI is similar to SSS-based PEI.

[image: ][image: ]
(a): Alt 1(Mandatory metric)                              (b): Alt 2(Optional metric)
Figure 6: Detection performance of TRS-based PEI and SSS-based PEI with behavior-A


	MediaTek
	[bookmark: _Ref68694234]Observation 6: To comply with the performance requirements, the required resources and the maximum (sub)group indication capacity for PEI candidate designs are summarized as in Table 3 below.
Table 3: Required resources and maximum (sub)group indication capacity for PEI candidate designs
	Reference 
Paging 
Setting
	Behv-A: UE is not required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-A (Coh. Det.)
	PEI-TRS-A (Non-Coh. Det.)
	PEI-SSS-A (Non-Coh. Det.)

	PDSCH TB scaling 1.0, PDCCH AL 8
	288 REs (AL4)
12 bits for UE (sub)groups
	300 REs (2 symb.50 RBs 
1 slot)
4 bits for UE (sub)groups
	396 REs (3 symb.11 RBs 1 slot)
4 bits for UE (sub)groups

	PDSCH TB scaling 0.5, PDCCH AL 16
	576 REs (AL8)
12 bits for UE (sub)groups
	300 REs (2 symb.50 RBs
1 slot)
4 bits for UE (sub)groups
	396 REs (3 symb.11 RBs 1 slot) 
4 bits for UE (sub)groups

	Reference 
Paging 
Setting
	Behv-B: UE is required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-B (Coh. Det.)
	PEI-TRS-B (Non-Coh. Det.)
	PEI-SSS-B (Non-Coh. Det.)

	PDSCH TB scaling 1.0, PDCCH AL 8
	288 REs (AL4)
12 bits for UE (sub)groups
	300 REs (2 symb.50 RBs
1 slot)
2 bits for UE (sub)groups
	396 REs (3 symb.11 RBs
1 slot) 
1 UE (sub)group only

	PDSCH TB scaling 0.5, PDCCH AL 16
	576 REs (AL8)
12 bits for UE (sub)groups
	300 REs (2 symb.50 RBs
1 slot)
2 bits for UE (sub)groups
	396 REs (3 symb.11 RBs 1 slot) 
1 UE (sub)group only




	Panasonic
	Observation 1: PDCCH based PEI design in case of supporting Behv-A may face issue of control overhead due to stringent MDR requirement.
Observation 2: To meet the link requirement, PDCCH based PEI has no major issue in case of supporting Behv-B.
Observation 3: CSI-RS based PEI design in case of supporting Behv-A has good flexibility to meet both requirements of MDR and FAR. 
Observation 4: CSI-RS based PEI design in case of supporting Behv-B has good flexibility to meet both requirements of MDR and FAR.
Observation 5: SSS based PEI design in case of supporting Behv-A has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.
Observation 6: SSS based PEI design in case of supporting Behv-B has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.

	CMCC
	

	Xiaomi
	Observation 3: DCI-based PEI can reuse legacy DCI format and PDCCH search space/CORESET configuration while sequence-based PEI needs extra specification design.

Observation 7: For both 2T2R/ 2T4R, AL=8/16 can be used for DCI-based PEI to achieve the target joint MDR/FAR.

[image: ]

Observation 8: Under the same SINR condition, MDR_Joint_B is always smaller than MDR_Joint_A, which means Behv-B has better performance than Behv-A.


	Intel
	Observation 3: Both TRS and PDCCH-based PEI could meet the MDR requirements however TRS-based PEI provides significant resource overhead advantage over PDCCH-based PEI.
· For example, to meet SNR -7.79dB at 1% BLER for PDSCH with TB scaling 1 and CFO 0ppm, 24 RBs (144 REs) suffices for TRS whereas AL8 (576 REs) are needed for PDCCH-based PEI.

Observation 4: TRS-based PEI may include UE subgrouping information for at least 8 sub-groups where TRS BW can be as low as 24 RBs

Observation 5: AL 8+ seems necessary for PDCCH-based PEI in most cases.

Observation 6: Joint MDR is mostly dominated by paging PDCCH performance, i.e., at the target SNR, MDR of TRS with FAR 1% is much lower than that of paging PDCCH.

Table 1: Joint MDR performance of TRS and PDCCH based PEI. 1% FAR is assumed for TRS based PEI detection.
	PDSCH 1% BLER
	TB Sca. =0.5, CFO=0.1ppm
	TB Sca. =1, CFO=0 ppm
	TB Sca. =1, CFO=0.1 ppm

	SNR [dB]
	-8.92
	-7.79
	-6.67

	TRS based PEI, 24 RBs (144 REs)
	3 sub-groups, Paging PDCCH: AL 16
	8 subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	TRS based PEI, 36 RBs (288 REs)
	8 subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	TRS based PEI, 48 RBs (576 REs)
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL 16
	8+ subgroups, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 4 (288 REs)
	Does not support
	Does not support
	CFO 1ppm, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 8 (576 REs)
	CFO 0.5ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL ≥8

	PDCCH based PEI, AL 16 (1152 REs)
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL 16
	CFO 1ppm, Paging PDCCH: AL ≥8




	Apple
	

	Qualcomm
	[bookmark: o2]Observation 2:
· At SNR = -6dB, PDCCH, RS and SSS based PEIs all have a MDR much lower than  and hence nearly no impact to the joint paging PDCCH and PEI performance
· None of PDCCH, RS or SSS based PEIs is sensitive to CFO up to 0.5ppm 
· SSS based PEI has better future compatibility for even higher power saving gain if the PEI is processed by narrow band front end processor.
Table 1: Detection performance for PEI
	PEI design
	Number of Info Bits per PEI
	Number of REs per PEI ()
	MDR at SNR=-6dB
	FAR

	PDCCH
	12
	576
	 
	0

	CSI-RS
	1
	300
	
	1%

	SSS
	1
	288
	
	1%




	Samsung
	
Observation 15: To avoid impact to legacy paging reception, PDCCH-based PEI requires CCE AL = 8 for DCI size no more than 12 bits or CCE AL = 16 for DCI size larger than 12bits. 

Observation 16: To avoid impact to legacy paging reception, SSS-based PEI requires 2 OFDM symbols to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.

Observation 17: To avoid impact to legacy paging reception, CSI-RS/TRS-based PEI requires resources with density of 3, 2 OFDM symbols, and 36 RBs to achieve MDR_joint_A no worse than 1% with FAR of 1% at SNR <= -3dB.


	LG
	

	Nokia
	

	InterDigital
	Observation 1: The MDR performance of SSS is better than TRS and 40-bit PDCCH. It is worse than 12-bit PDCCH AL16 by about 1 dB.

Observation 2: SSS performance is robust against CFO and using multiple sequences for subgroup indication does not degrade the MDR.


	NTT DoCoMo
	

	Lenovo
	

	Ericsson
	[bookmark: _Toc68638327]Observation 6   With respect to PEI reliability, the SSS contains far fewer REs compared to TRS- and PDCCH-based PEI.

[bookmark: _Toc61816698][bookmark: _Toc61816808][bookmark: _Toc61816699][bookmark: _Toc61816809][bookmark: _Toc61816700][bookmark: _Toc61816810][image: ][image: ]

Figure 1: Performance of various signals/channels (PDCCH/PDSCH/PDCCH-based PEI/TRS-based PEI) with 2 Rx and 4 Rx cases (Simulation assumptions in the Annex).


	Nordic
	

	
	



From companies’ results, all PEI candidate designs can achieve better paging indication performance than paging PDSCH performance given sufficient physical resource amount and proper trade-off with subgroup indication capacity. The following companies further show there requires new multi-symbol format for SSS-based PEI: 
· Multi-symbol format required for SSS-based PEI (7): HW/Hi-Silicon, vivo, ZTE, CATT, MTK, QC, Samsung

In the regard, the following observation is suggested:

Observation 2:
PEI candidate designs based on PDCCH, SSS and TRS/CSI-RS can all achieve better paging indication performance than paging PDSCH performance given sufficient physical resource amount and proper trade-off with UE (sub)group indication capacity.
· For PDCCH-based PEI and TRS/CSI-RS-based PEI, Rel-15 channel/signal can be reused.
· For SSS-based PEI, 7 companies show new multi-symbol format is required.
 
From companies’ feedbacks in “Feedback_forms_for_R1-2103848.pdf”, there are 11 out of 17 companies support current Observation 2. On the other hand, as per chair’s guidance, it is useful to capture more quantitative results from companies’ contributions. 

Since the intention of companies’ evaluations is to clarify whether the considered PEI candidate designs can achieve better performance than paging PDSCH, we suggest to update the observation for providing practical settings that can comply with the performance target. By collecting the provided results from companies’ contributions [4] - [31] and through further email discussion (titled by “[104b-e-NR-R17-PowSav-01] Email discussion on potential paging enhancements”) in RAN1 email reflector, the following observation is finally agreed:

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:

1. If Behv-A is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capcity 
	Number of companies providing performance results

	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)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 1 symbol)
	3 bits
	1 (IDCC)

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)

	
	
	
	3 bits
	1 (IDCC)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)

	
	
	
	6 bits
	1 (CATT) 

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(OPPO, QC)

	
	
	
	4 bits
	1 (MTK)

	 

	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)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits
	1 (Intel)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	4 bits
	1 (MTK)



1. If Behv-B is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capcity
	Number of companies providing performance results

	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)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 (vivo, ZTE)

	
	
	
	6 bits
	1 (CATT)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)

	 

	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)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)






[bookmark: _Ref68447706]Resource Overhead 
In this subsection, collection and statistics of companies’ views related to evaluating the average resource overhead per PO (based on performance evaluation results as well as coexistence investigation results, if available) with respect to the following agreement in RAN1 #104-e [1][2] will be first provided before further discussion and decision on the potential observation(s) and proposal(s).

	Agreements:
For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, companies to provide estimated overheads for PEI candidate designs based on the following factors:
1. Assumption of Behv-A/B
1. Required #REs from performance evaluations 
1. 10% group paging rate per PO as baseline; other group paging rates can be optionally considered
and based on the following assumptions with justification (up to each company)
1. Whether and how coexistence with legacy UEs is considered 
1. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered
1. Whether and how multi-beam transmission is considered 





Table 4: Companies’ views related to resource overhead
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Observation 7. For PDCCH-based PEI, the payload can be used for sub-group indication and associated with multiple POs flexibly. 
Observation 8. PDCCH-based PEI can provide the best efficient resource utilization and the lowest UE wake up rate compared to SSS-based and TRS based PEI for both Behv-A and Behv-B.
[bookmark: _Ref67759216]Table 3. Paging related configurations for evaluated scenarios
	
	Scenario 1
(Scenario without sub-group indication)
	Scenario 2
(Scenarios with sub-group indication)

	N
	128
	8

	Ns
	4
	4

	Paging cycle length(ms)
	1280
	1280

	PO number per PEI DCI
	12
	4

	PO paging rate
	10.47%
	39.50%

	UE paging rate
	1.00%
	1.00%

	UE per PO
	11.00 
	50.00 

	group per PO
	1 
	3 

	UE receiver
	2T4R
	2T4R



Table 4.  Resource overhead for Scenario 1 (without sub-group indication)
	
	PDCCH based PEI
	SSS based PEI 
	TRS based PEI
(semi-static rate matching pattern)
	TRS based PEI
(one A-ZP-CSI-RS resource set for rate matching)

	PEI occasion configuration
	AL4
	127RE, 2sym
	28RB, 1slot TRS pattern
	28RB, 1slot TRS pattern

	Total RE per PEI occasion
	288
	254
	168
	168

	PO association configuration
	12bits payload for 12 POs
	One PEI transmission associate with one PO
	One PEI transmission associate with one PO
	One PEI transmission associate with one PO

	Behv-A
	Resource occupation probability
	73.46%
	100.00%Note2
	100%Note3  
	73.46%Note4  

	
	Average resource overhead (RE) per PO
	17.6
	254.0
	168.0
	123.4

	
	UE waked up rate
	10.47%
	10.47%
	10.47%
	10.47%

	Behv-B
	Resource occupation probability
	100%
	100.00% Note2
	100% Note3  
	100% Note4  

	
	Average resource overhead (RE) per PO
	24.0
	254.0
	168.0
	168.0

	
	UE waked up rate
	10.47%
	10.47%
	10.47%
	10.47%

	NOTE:
1. For Behv-A, PEI should always be transmitted except no sub-group is paged for all the POs associated with the PEI. For Behv-B, PEI should always be transmitted except the case when all sub-group is paged. 
2. [bookmark: _Ref68095170]SSS-PEI can only be semi-statically configured, therefore the resource occupation probability is 100%.
3. [bookmark: _Ref68100030]Considering the ZP-CSI-RS resource sets are mainly used for multiplexing NZP-CSI-RS for CSI and beam management etc., it is expected that there shall be no available ZP-CSI-RS resource set to handle the coexistence of TRS/CSI-RS based PEI. Therefore, semi-static RB*symbol-level rate matching pattern is assumed for co-existence. 
4. All the 12 PEI occasions for TRS/CSI-RS are configured within one aperiodic ZP-CSI-RS resource set due to the ZP-CSI-RS resource set budget. 



[bookmark: _Ref67760205]Table 5. Resource overhead for Scenario 2
	
	PDCCH based PEI
	SSS based PEI 
	TRS based PEI
(semi-static rate matching pattern)
	TRS based PEI
(one A-ZP-CSI-RS resource set for rate matching)

	PEI occasion configuration
	AL4
	127RE, 2sym
	28RB, 1slot TRS pattern
	28RB, 1slot TRS pattern

	Total RE per PEI occasion
	288
	254
	168
	168

	PO and Sub-group association configuration
	12bit payload associate with 4 POs.
Three sub-groups for each PO.
	One PEI occasion associate with one PO
Three sub-groups for each PO by using single sequence based CDM
	One PEI occasion associate with one PO
Three sub-groups for each PO by using single sequence based CDM
	One PEI occasion associate with one PO
Three sub-groups for each PO by using single sequence based CDM

	# PO with one PEI occasion
	4
	1
	1
	1

	Behv-A
	Resource occupation probability
	85.48%
	100.00% Note2
	100.00% Note3
	86.60%Note4

	
	Average resource overhead (RE) per PO
	61.5
	254
	168
	145.5

	
	UE waked up rate
	14.85%
	16.73%
	16.73%
	16.73%

	Behv-B
	Resource occupation probability
	100%
	100%
	100%
	97.57%

	
	Average resource overhead (RE) per PO
	72.0
	254.0
	168
	163.9

	
	UE waked up rate
	14.85%
	16.73%
	16.73%
	16.73%

	NOTE:
1. For Behv-A, PEI should always be transmitted except no sub-group is paged for all the POs associated with the PEI. For Behv-B, PEI should always be transmitted except the case when all sub-group is paged.
2. SSS-PEI can only be semi-statically configured, therefore the resource occupation probability is 100%.
3. Considering the ZP-CSI-RS resource sets are mainly used for multiplexing NZP-CSI-RS for CSI and beam management etc., it is expected that there shall be no available ZP-CSI-RS resource set to handle the coexistence of TRS/CSI-RS based PEI. Therefore, semi-static RB*symbol-level rate matching pattern is assumed for co-existence.
4. All the 4 PEI occasions for TRS/CSI-RS are configured within one aperiodic ZP-CSI-RS resource set due to the ZP-CSI-RS resource set budget of 3.




	OPPO
	
Observation 4: The SSS or TRS/CSI-RS based PEI have the cons of higher resource overhead, higher complexity and less UE sub-group information carriage.
Table 2 The performance of Behv-A and Behv-B
	UE Behavior
	PDSCH TB Scaling
	Paging PDCCH AL
	PEI candidate designs
	Detection method
	Occupied REs
	maximum number of subgroups
	Meet the performance
	Average resource occupation

	Behv-A
	1
	8
	DCI-based PEI(AL4)
	coherent detection
	288REs
	12
	Yes
	17.2REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	30REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	-----

	
	0.5
	16
	DCI-based PEI(AL8)
	coherent detection
	576REs
	12
	Yes
	34.4REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	30REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	------

	Behv-B
	1
	8
	DCI-based PEI(AL4)
	coherent detection
	288REs
	12
	Yes
	24.0REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	270REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	-----

	
	0.5
	16
	DCI-based PEI(AL8)
	coherent detection
	576REs
	12
	Yes
	48REs

	
	
	
	TRS-based PEI
	non-coherent detection
	300REs
	1
	Yes
	270REs

	
	
	
	SSS-based PEI
	non-coherent detection
	144REs
	1
	No
	----



Observation 5: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 6: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 2: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.


	Spreadtrum
	
Observation 3: The resource overhead of DCI-based PEI and that of sequence-based PEI are comparable.
  
	PO Setting
	Setting I
	Setting II

	Paging cycle length (ms)
	1280

	#PF per paging cycle
	64 
	16

	#PO per PF
	4

	#UE subgroups per PO
	1
	4

	Paging rate
	10 % per PO
	10% per UE subgroup



· Behv-A (sequence-based PEI)
· When Setting I is applied,
· To achieve 0.1% MDR and 1% FRA, the required number of REs in one sequence-based PEI could be 200.
· In one paging cycle there are 256 potential PEI monitoring occasions from network perspective.
· When group-paging-rate is 10%, the average number of REs in a paging cycle could be 200*256*0.1=5120.
· When Setting II is applied,
· If no CDM for UE subgroups:
· The same as that of Setting I
· If CDM (4 UE subgroups CDMed in a PO) for UE subgroups:
· To achieve 0.1% MDR and 1% FRA, the required number of REs in one sequence-based PEI could be 600.
· In one paging cycle there are 64 potential PEI monitoring occasions from network perspective.
· When group-paging-rate is 10%, the average number of REs in a paging cycle could be 600*64*0.1=3840.
· Behv-B (DCI-based PEI)
· When Setting I is applied,
· To achieve 1% MDR, the required number of REs in one sequence-based PEI could be 288 (i.e. AL=4), when DCI size = 16 bits and CRC length = 24.
· In one paging cycle there are 16 potential PEI monitoring occasions from network perspective.
· The average number of REs in a paging cycle could be 288*16=4608.
· When Setting II is applied,
· The same as that of Setting I


	vivo
	Observation 11: In the term of resource overhead of each PEI occasion, SSS-like sequence-based PEI will consume the least resource, TRS-like sequence-based PEI followed and DCI-based PEI comes last. 

Table 6: Resource overhead of each PEI occasion with different PEI candidate designs
	PEI design
	Parameters
	Baseline: Resource overhead of each PEI occasion (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
1 to 1 for DCI based PEI;
	Resource overhead of each PEI occasion (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
4 to 1 for DCI based PEI;

	
	
	Behavior A
	Behavior B
	Behavior A
	Behavior B

	SSS like sequence
	· Length: 127
· Sequence: same as SSS
· Number of symbols (symbol): 2 or 4
	25.4/50.8 for 2/4 symbols
	228.6/457.2 for 2/4 symbols
	101.6/203.2 for 2/4 symbols
	914.4/1828.8 for 2/4 symbols

	TRS like sequence
	· Number of RBs: 48
· Number of symbols (symbol): 
· 2 symbols in a slot
· 4 symbols in 2 slots
· Density: 3 REs/RB
	28.8/57.6 for 2/4 symbols
	259.2/518.4 for 2/4 symbols
	115.2/230.4 for 2/4 symbols
	1036.8 for 2/4 symbols

	DCI
	· Aggregation level (AL): 8 or 16
· DCI size: 12 (minimum) or 40 bits (align with DCI 1-0)
	57.6/115.2 for AL 8/16
	518.4/1036.8 for AL 8/16
	198.1/396.3 for AL 8/16
	1782.9/3565.8 for AL 8/16




	ZTE
	[bookmark: _Toc68621485][bookmark: _Toc10204][bookmark: _Toc17810][bookmark: _Toc23534][bookmark: _Toc30636][bookmark: _Toc68277922][bookmark: _Toc15370]Observation 16: DCI based PEI occupies less resources for both Behv-A and Behv-B.
Table 4 The occupied RE number by PEI
	
	Behv-A
	Behv-B

	DCI based PEI
resource overhead per PO/group
	17.2 (one PEI corresponds to 12 POs)
	24 (one PEI corresponds to 12 POs)

	TRS-like PEI
resource overhead per PO/group
	24.8(one PEI corresponds to four POs), 
28.8(one PEI corresponds to one PO)
	72(one PEI corresponds to four POs), 
259.2(one PEI corresponds to one PO)

	SSS-like PEI
resource overhead per PO/group
	For dynamic rate matching: 
22.7(one PEI corresponds to four POs),
26.4(one PEI corresponds to one PO) ;
For semi-static rate matching: 264REs 
	For dynamic rate matching: 
66(one PEI corresponds to four POs),
228.6(one PEI corresponds to one PO) ;
For semi-static rate matching: 264REs 




	CATT
	
Observation 6: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is not considered for one PO associated with one PEI.

Table 4: Resource overhead evaluation for PEI without assuming the support of multiple POs and sub-grouping 
	PEI candidate designs
	Resource overhead(semi-static rate matching)
	Resource overhead(dynamic rate matching)

	PDCCH-based PEI(12 bits)
	288REs
	28.8REs

	PDCCH-based PEI(41 bits)
	576REs
	57.6REs

	TRS-based PEI
	288REs(0.8dB better than 12 bits PDCCH-based PEI)
	28.8REs(0.8dB better than 12 bits PDCCH-based PEI)

	SSS-based PEI
	288REs(0.8dB better than 12 bits PDCCH-based PEI)
	28.8REs(0.8dB better than 12 bits PDCCH-based PEI)




Observation 11: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is supported.

Table 9: Resource overhead evaluation for PEI with sub-grouping assuming multiple POs is not supported
	PEI candidate designs
	Resource overhead(semi-static rate matching)
	Resource overhead(dynamic rate matching)

	PDCCH-based PEI(12 bits, 8 sub-groups)
	36REs
	3.6REs

	PDCCH-based PEI(41 bits, 8 sub-groups)
	72REs
	7.2REs

	TRS-based PEI(8 sub-groups)
	36REs(0.8dB better than 12 bits PDCCH-based PEI)
	3.6REs(0.8dB better than 12 bits PDCCH-based PEI)

	SSS-based PEI(8 sub-groups)
	36REs(0.8dB better than 12 bits PDCCH-based PEI)
	3.6REs(0.8dB better than 12 bits PDCCH-based PEI)



Observation 14: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping and multiple POs associated with one sequence-based PEI are supported.

Table 11: Resource overhead evaluation for PEI with sub-grouping assuming that multiple POs is supported
	PEI candidate designs
	Resource overhead(semi-static rate matching)
	Resource overhead(dynamic rate matching)

	PDCCH-based PEI(41 bits, 32 sub-groups)
	18REs
	6.19REs

	TRS-based PEI(32 sub-groups)
	9REs(0.8dB better than 12 bits PDCCH-based PEI)
	3.10REs(0.8dB better than 12 bits PDCCH-based PEI)

	SSS-based PEI(32 sub-groups)
	9REs(0.8dB better than 12 bits PDCCH-based PEI)
	3.10REs(0.8dB better than 12 bits PDCCH-based PEI)




	MediaTek
	[bookmark: _Ref68694513]Observation 8: With the comparison of average resource overhead per PO in Table 5, the following can be observed:
· When Behv-A is assumed, PEI-PDCCH-A and PEI-TRS-A provide the best average resource overheads for the cases with paging PDSCH TB scaling factors 1.0 and 0.5, respectively
· When Behv-B is assumed, PEI-PDCCH-B provides the best average resource overhead for both cases with paging PDSCH TB scaling factors 1.0 and 0.5.

[bookmark: _Ref68612344][bookmark: _Ref68694541]Table 5: Average resource overhead per PO for PEI candidate designs
	Reference 
Paging 
Setting
	Behv-A: UE is not required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-A
	PEI-TRS-A
	PEI-SSS-A

	PDSCH TB scaling 1.0; PDCCH AL 8
	21.8 REs (Dynamic)
	26.0 REs (Dynamic)
	437 REs (Static) to
34 REs (Dynamic)

	PDSCH TB scaling 0.5; PDCCH AL 16
	43.6 REs (Dynamic)
	26.0 REs (Dynamic)
	437 REs (Static) to
34 REs (Dynamic)

	Reference 
Paging 
Setting
	Behv-B: UE is required to monitor a PO if UE does not detect any PEI 
out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-B
	PEI-TRS-B
	PEI-SSS-B

	PDSCH TB scaling 1.0; PDCCH AL 8
	51 REs (Static) to 0 RE (gNB always prioritizes legacy PDCCH)
	150 REs (Static) to 0 RE (gNB always prioritizes legacy PDSCH)
	561 REs (Static) to 0 RE (gNB always prioritizes legacy PDSCH)

	PDSCH TB scaling 0.5; PDCCH AL 16
	102 REs (Static) to 0 RE (gNB always prioritizes legacy PDCCH)
	150 REs (Static) to 0 RE (gNB always prioritizes legacy PDSCH)
	561 REs (Static) to 0 RE (gNB always prioritizes legacy PDSCH)




	Panasonic
	Observation 9: If UE does not detect any PEI, the supported UE behavior can largely impact the system overhead caused by PEI transmission under different GPR assumptions.

	CMCC
	Proposal 4. Support one-to-one and one-to-many mapping between PEI and PO.


	Xiaomi
	

	Intel
	Observation 7: Spanning sub-groups over multiple PO causes following issues:
· Gap between PEI monitoring occasion and PO for a given UE can be large which can increase paging latency and also feasibility/practicality of such a-priori determination by gNB much ahead of a PO is questionable.
· It would have significant RAN2 impact and also makes the whole UE sub-grouping process more complex.

Observation 8: Considering typical paging rate, average resource consumption difference between different coexistence methods are expected to be minimal.


	Apple
	

	Qualcomm
	[bookmark: o3]Observation 3: Without multiple P-RNTIs, only one PDCCH based PEI can be transmitted in the CORESET for idle/inactive UEs for the same PO.
[bookmark: o4]Observation 4: The number of REs reserved by the PEI at a configured PEI occasion is determined by whether the resource is semi-statically or dynamic not available to legacy channels and signals
· If resource for the configured PEI occasion is semi-statically not available to the other channels and signals, PDCCH based PEI has lower resource overhead than CSI-RS and SSS based PEI.
· If resource for the configured PEI occasion is dynamically not available to the other channels and signals, PDCCH based PEI has higher resource overhead than CSI-RS and SSS based PEI.
Table 2: Resource overhead for PEI that is semi-statically not available to legacy channels/signals
	PEI design
	No. of UE sub-groups = 2
	No. of UE sub-groups = 4
	No. of UE sub-groups = 6

	PDCCH
	576
	576
	576

	CSI-RS
	300
	600
	900

	SSS
	288
	576
	864


Table 3: Resource overhead for PEI that is dynamically not available to legacy channels/signals
	PEI design
	No. of UE sub-groups = 2
	No. of UE sub-groups = 4
	No. of UE sub-groups = 6

	PDCCH
	57.6
	57.6
	57.6

	CSI-RS
	30
	30.8
	31.1

	SSS
	28.8
	29.6
	29.8


[bookmark: o5]
Observation 5: Depending on network implementation and UE capability
· For higher layer configured or SPS CSI-RS, resources of configured PEI occasions are semi-statically not available 
· For PDSCH, PDCCH or aperiodic CSI-RS, resources of configured PEI occasions are dynamically not available if the PDSCH, PDCCH or CSI-RS is not transmitted when it collides with a transmitted PEI. Table 3 is the lower bound of amount of unavailable resources
· For PDSCH, if the PEI occasion is configured as the semi-static rate matching resource, resources of configured PEI occasions are semi-statically not available
· For PDSCH, if the PEI occasion is indicated as a dynamic rate matching resource, resources of the configured PEI are dynamically not available.

	Samsung
	Observation 6: RS-based PEI based on non-coherent detection has more flexibility than PDCCH-based PEI in terms of the number of monitoring occasions needed for multi-beam transmission.  

Observation 18: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Observation 19: PDCCH-based PEI requires 2.3x to 5.3x larger resource overheads than RS-based PEI for Behav-A.

Observation 20: CSI-RS/TRS based PEI requires slightly smaller resource overhead than TRS based PEI.

Observation 21: There is no additional resource overhead or negligible resource overhead for UE subgrouping based on PEI for both PDCCH based PEI and RS-based PEI.

Table 7: Resource overhead for different PEI design with UE subgrouping
	
	K=1
	K=2
	K=4

	PDCCH-based
	Behav-A
	461
	461
	461

	
	Behav-B
	4147
	4147
	4147

	SSS-based
(same resource allocation)
	203
	203
	203

	CSI-RS/TRS-based
(orthogonal resource allocation)
	173
	178
	180


Note:  for both PDCCH-based and RS-based PEI


	Sony
	Observation 6 – Resource overhead in Behv-A is lower than the one in Behv-B since the PEI does not need to always be transmitted.


	LG
	

	Nokia
	Observation: A single EPI may address multiple POs to reduce EPI (PDCCH) indication overhead.


	InterDigital
	

	NTT DoCoMo
	

	Lenovo
	

	Ericsson
	[bookmark: _Toc68638324][bookmark: _Toc54381101][bookmark: _Toc68638329]Observation 3   In multi-beam deployments for which PEI needs to be swept in multiple occasions, a single symbol PDCCH based PEI is more efficient both in terms of UE/NW power consumption and system resource utilization than multi-symbol TRS based PEI.
Observation 8     Irrespective of an average assumed group paging rate, during periods of extensive paging load, the PEI transmissions lead to unacceptable blockage of control channel especially in multi-beam deployments where PEI needs to be swept.
[bookmark: _Toc68638330]Observation 9     A one-to-many mapping scheme between a PEI and multiple POs can provide multiplexing gain and reduce system overhead compared to a one-to-one mapping scheme.
[bookmark: _Toc68638420]Proposal 4      PEI design supports associating one PEI DCI with multiple POs and/or paging groups.

	Nordic
	Observation-3: By leveraging reserved bits in Paging DCI, and assuming that gNB must be prepared for transmitting one DCI per PO, PDCCH blocking is not increased. PDCCH overhead increases depending on gNB/UEs capability of advanced rate-matching schemes. 


	
	



From the above companies’ results, the following statistics on which PEI candidate design achieves the lowest average resource overhead per PO can be collected:
· PDCCH-based PEI (5): HW/HiSilicon, OPPO, ZTE, MTK, Ericsson
· SSS-based PEI (3): vivo, CATT, QC, 
· TRS-based PEI (2): CATT, Samsung, 
· Comparable (1): Spreadtrum

Accordingly the following observation is suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Observation 3:
Comparing average resource overheads per PO for PDCCH-based PEI, SSS-based PEI and TRS/CSI-RS based PEI,
· 5 companies show PDCCH-based PEI achieves the lowest overhead
· 3 companies show SSS-based PEI achieves the lowest overhead 
· 2 companies show TRS/CSI-RS-based PEI achieves the lowest overhead
· 1 company shows the three candidate designs achieve comparable overheads

After further email discussion (titled by “[104b-e-NR-R17-PowSav-01] Email discussion on potential paging enhancements”) in RAN1 email reflector, the following observation is finally agreed:

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:
	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
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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
	

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 
	57.6
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	576.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 2 symbols)
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	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
	

	
	
	
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)
	123.4
	HW/HiSi
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)
	21.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	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 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	6 bits
	1 (CATT) 
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's
	Dynamic 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

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits 
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)
	21.6
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

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

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH




· If Behv-B is assumed:

	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
	

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO;
average over all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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
	

	
	
	
	6 bits
	1 (CATT)
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	279.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	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
	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
	

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO; 
RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	270.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH






[bookmark: _Ref68615445][bookmark: _Ref68447909]UE Power Saving Gain
In this subsection, collection and statistics of companies’ views related to UE power saving gain will be first provided before further discussion and decision on the potential observation(s) and proposal(s).

Table 5: Companies’ views related to UE power saving gain
	Company name
(t-doc# order)
	
Company views

	Spreadtrum
	Observation 1: The power saving gain of DCI-based PEI and sequence-based PEI are similar.
Observation 2: In NR, RRM measurement for serving cell cannot be relaxed, so the power saving gain of sequence-based PEI may not be higher than that of DCI-based PEI

	vivo
	Observation 1: Up to 5.35% or 10.12% additional power saving gain can be achieved by introducing the sub-grouping paging indication carried by PEI when the per PO paging rate is 10% or 20% respectively.
Observation 2: Adopting more than 8 sub-groups per PO will bring a marginal increase of power saving gain.

   
Figure 1: The trend of additional power saving gain with the increasement of the number of sub-groups.

Observation 3: Direction 1, paging PDCCH based grouping, has marginal power saving gain in both low SINR and high SINR cases.
[bookmark: _Ref47347738]Table 5: Power saving gain for Direction 1
	Cases
	Average relative power in a slot (sleep / wake up)
	Power saving gain (vs. Rel 16 baseline paging method)

	
	
	PO paging rate: 10%
	PO paging rate: 20%
	PO paging rate: 40%

	
	
	4 groups 
	8 groups
	16 groups
	4 groups 
	8 groups
	16 groups
	4 groups 
	8 groups
	16 groups

	Low SINR
	Two SSBs before PO: 
2.613/2.832
	<0.77%
	<1.53%
	<2.99%

	
	Three SSBs before PO:
3.035/3.254
	<0.72%
	<1.4%
	<2.58%

	High SINR
	One SSB before PO:
1.663/1.718
	<0.33%
	<0.66%
	<1.2%



Observation 4: Option 2-1, sequence based PEI solution, has significant power saving gain in idle mode (in both low SINR and high SINR cases).
Observation 5: Option 2-2, PDCCH based PEI solution, has significant power saving gain in low SINR case, while has marginal power saving gain in high SINR case.
Observation 6: Sequence based PEI with sub-grouping indication has the highest power saving gain comparing with other options. 
Table 6: Power saving gain comparison of Paging enhancement with UE grouping
	Paging enhancement schemes
	Power saving gain
(vs. Rel 16 baseline paging method)

	
	PO paging rate =10%
	PO paging rate =20%
	PO paging rate =40%

	
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)

	Direction 1: Paging PDCCH based grouping
	<0.72%
	<0.33%
	<1.4%
	<0.66%
	<2.58%
	<1.2%

	Option 2-1: Sequence-based PEI
	25.1%
	10.6% / 2.5%
	21.6%
	8.3% / 1.3%
	14.6%
	4.7% / 0.6%

	Option 2-2: DCI-based PEI
	25.1%
	-
	21.6%
	-
	14.6%
	-

	Option 2-1 with sub grouping: 
(4 sub-groups)
	29.17%
	12.3%/4.8%
	27.5%
	10.4%/3.6%
	27.34%
	9.33%/3.03%

	Option 2-2 with sub grouping: 
(4 sub-groups)
	29.17%
	-
	27.5%
	-
	27.34%
	-

	Note 1: ‘-’ denotes the power saving gain is smaller than 0.



Proposal 4: Behavior A should be adopted for UE behavior of PEI detection.


	ZTE
	[bookmark: _Toc6351][bookmark: _Toc53][bookmark: _Toc68277914][bookmark: _Toc4920][bookmark: _Toc2362][bookmark: _Toc13941][bookmark: _Toc68621477][bookmark: _Toc2529]Observation 11: Based on the simulation results in Figure7, it can be seen that 
a) [bookmark: _Toc23441][bookmark: _Toc68277915][bookmark: _Toc23263][bookmark: _Toc30860][bookmark: _Toc68621478][bookmark: _Toc10705]the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
b) [bookmark: _Toc19141][bookmark: _Toc4389][bookmark: _Toc16713][bookmark: _Toc68277916][bookmark: _Toc68621479][bookmark: _Toc22893]the PEI located near the first SSB provides the maximum power saving gain;
c) [bookmark: _Toc14019][bookmark: _Toc68277917][bookmark: _Toc27529][bookmark: _Toc22257][bookmark: _Toc68621480][bookmark: _Toc3519]for PEI without sub-grouping, the power saving gain brought by PEI only will obviously decrease when group paging rate increases.
[image: ]
Figure 6 UE processing timeline

[image: 7]
Figure 7 Power saving gain provided by PEI
[bookmark: _Toc6332][bookmark: _Toc12830][bookmark: _Toc16677][bookmark: _Toc4661][bookmark: _Toc21373][bookmark: _Toc68277918][bookmark: _Toc68621481][bookmark: _Toc4868]Observation 12: PEI with sub-grouping can provide higher power saving gain, especially for the large group paging rate. 
[bookmark: _Toc18465][bookmark: _Toc29275][bookmark: _Toc29341][bookmark: _Toc15544][bookmark: _Toc68621482][bookmark: _Toc25251][bookmark: _Toc68277919][bookmark: _Toc6519]Observation 13: The power saving gain of DCI-based PEI and sequence-based PEI is almost the same.
[bookmark: _Toc68277920][bookmark: _Toc26316][bookmark: _Toc7503][bookmark: _Toc5322][bookmark: _Toc68621483][bookmark: _Toc3213]
Observation 14: For DCI based PEI, one PEI associated with multiple POs will not degrade the UE power saving gain.
Table 2 UE power saving gain for PEI associated with different number of POs
	Group paging rate
	PEI associated with one PO
	PEI associated with four POs

	RG = 10%
	22.5%
	22.5%

	RG = 40%
	14.4%
	14.4%


[bookmark: _Toc13447][bookmark: _Toc68277921][bookmark: _Toc68621484][bookmark: _Toc12796][bookmark: _Toc3685][bookmark: _Toc1135]
Observation 15: For PEI sequence based PEI associated with multiple POs, if PEI is generated by different sequence, the performance of sequence based PEI will be deteriorated with the increased blind detection. If a group common PEI is used, the power saving gain of the UE will decrease due to the unnecessary wake-up, especially when the group paging rate is large.
Table 3 UE power saving gain for PEI associated with different number of POs
	Group paging rate
	PEI associated with one PO
	PEI associated with four POs

	RG = 10%
	22.5%
	21.6%

	RG = 40%
	14.4%
	9.1%




	CATT
	Observation 4: Sequence-based PEI could provide more power saving gains than DCI-based PEI.
Observation 8: Introducing sub-grouping in sequence-based PEI can bring 30.19%~31.73% and 1.2%~2.21% power saving gain compare to Rel-16 paging and sequence-based PEI respectively.
Observation 9: With the increase of the number of sub-group, the gain of power saving gain is tending flat.
Observation 10: To support sequence-based PEI with sub-grouping, the power saving gain of option 1 relative to option 2 is negligible.
· Option 1: Multiple sub-grouping PEI can be transmitted in a resource. 
· Option 2: Single sequence is transmitted in a resource.
Proposal 3: The sequence-based PEI should be adopted in Rel-17 for UE in IDLE/Inactive mode for UE power saving.
Proposal 4: The sequence-based PEI with sub-grouping does not provide much power saving gain over that without sub-grouping and require large additional overhead. Supporting sub-grouping should be further study.
Proposal 5: If the sequence-based PEI with sub-grouping is supported, the number of sub-groups should be up to 8 sub-groups considering the trade-off between power saving gain and system overhead.


	MTK
	[bookmark: _Ref61959694]Observation 9: Average power saving gains of PEI candidate designs are similar since the corresponding processing timelines when UE is not paged are equivalent in power consumption.
[image: ]
Figure 5: UE processing timelines are equivalent for all PEI candidate designs when UE is not paged

	CMCC
	Proposal 2. The range of sub-group number of one PO is from 4 to 8.
(which realize a balance between power saving gain and signalling indication)

Table 1. Power saving gain of PEI based UE sub-grouping
	
	Paging rate of one PO
	10%
	25%

	
	Sub groups number 
	2
	4
	8
	12
	2
	4
	8
	12

	Power saving gain
	low SINR
	21.75%
	22.35%
	22.65%
	22.75%
	20.70%
	22.27%
	23.08%
	23.35%

	
	high SINR
	11.39%
	11.73%
	11.90%
	11.96%
	10.69%
	11.58%
	12.04%
	12.20%




	Xiaomi
	Observation 1: DCI-based PEI and sequence-based PEI has similar power saving gain when the two forms of PEI have similar relative locations to the target PO.

	Intel
	Observation 1: TRS based PEI may potentially result in more power saving gain than PDCCH based PEI. However, relative gain can be smaller if group paging rate is low and/or PEI includes UE sub-grouping information. 

[image: ]
Figure 1. Processing timeline when UE receives PEI.
Observation 4: TRS-based PEI may include UE subgrouping information for at least 8 sub-groups where TRS BW can be as low as 24 RBs
Table 2: Power consumption (average value/slot) of different UE sub-grouping indication methods. 1 SSB is monitored before PEI. No additional SSB monitoring is assumed between PEI and PO. GPR 10% and 1.28S cycle are assumed.
	# subgroups 
	PEI indication (number of sub-groups/sets)
	PO (number of sub-groups per set)
	Power Consumption - No Cross-Slot Sch.
	Power Consumption – w/ Cross-Slot Sch.

	8
	8
	1
	1.4085
	1.4081

	 
	2
	4
	1.4142
	1.4126

	 
	4
	2
	1.4104
	1.4096

	16
	16
	1
	1.4074
	1.4072

	 
	2
	8
	1.4141
	1.4125

	 
	8
	2
	1.4083
	1.4079

	 
	4
	4
	1.4102
	1.4094



Observation 9: Although PDCCH-based PEI may potentially include information of a larger number of UE sub-groups, this does not seem to offer critical PS advantage compared to the case, when both PEI and Paging PDCCH jointly indicate the UE sub-groups.

	Apple
	even though using sequence-based PEI may provide additional power saving compared to PDCCH-based PEI, the difference appears to be small. So this should not be considered as the main reason to favor sequence-based solution.

	Samsung
	Observation 9: PDCCH based PEI achieves 2% to 25% power saving gain, which is very sensitive to the monitoring occasions of PEI. The high power saving gain comes at low SINR based on very large time gap between PEI and PO.

Observation 10: RS-based PEI achieves 9% to 31% power saving gain, and achieves at least 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Proposal 6: Prioritize RS-based PEI over PDCCH-based PEI for better power saving performance.

Table 1: Power saving gain for different L1 signal/channel design for PEI with group paging rate of 10%
	
	PEI design
	Average power
	Power saving gain

	High SINR
(N_SSBs = 1)
	Case #0
	1.87
	

	
	Case #1
	1.71
	8.95%

	
	Case #2
	1.71
	8.95%

	
	Case #3
	1.59
	15.40%

	Medium SINR
(N_SSBs = 2)
	Case #0
	2.82
	

	
	Case #1
	2.76
	2.16%

	
	Case #2
	2.38
	15.64%

	
	Case #3
	2.24
	20.49%

	Low SINR
(N_SSBs = 3)
	Case #0
	3.24
	

	
	Case #1
	3.18
	1.88%

	
	Case #2
	2.42
	25.33%

	
	Case #3
	2.31
	30.84%



Note:
· Case #0: baseline without PEI
· Case #1: PDCCH-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 2(a).  
· Case #2: PDCCH-based PEI with monitoring occasions after first SSBs burst used for synchronization, where time offset between PEI and PO is large (8ms, 28ms, 48ms for N_SSBs = 1, 2, 3, respectively) as illustrated in Figure 2(b).  
· Case #3: RS-based PEI with monitoring occasions after last SSBs burst used for synchronization, where time offset between PEI and PO is small (8ms) as illustrated in Figure 2(a). In this case, UE use SSBs for intra-frequency or inter-frequency RRM measurement only, while the RS-based PEI can be used for synchronization or loop convergence before PO

Observation 11: UE sub-grouping on paging PDCCH achieves small (up to 2.04%) power saving gain, where the gain depends on initial group paging rate. 

Observation 12: UE sub-grouping on PEI achieves up to 11.49% - 18.93% power saving gain, depending on initial group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 13: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 4.  

Proposal 7: Support UE subgrouping with UE subgroup size no more than 4.
 
Table 2: Power saving gain for UE subgrouping w/ group paging rate = 10.01%
	Alternatives
	K=1
	K=2
	K=4
	K=8
	K=16

	PEI
	PDCCH based
	8.95%
	10.27%
	10.96%
	11.31%
	11.49%

	
	RS based
	15.40%
	16.90%
	17.68%
	18.08%
	18.28%

	Paging PDCCH
	0%
	0.57%
	0.86%
	1.02%
	1.09%



Table 3: Power saving gain for UE subgrouping w/ group paging rate = 19.02%
	Alternatives
	K=1
	K=2
	K=4
	K=8
	K=16

	PEI
	PDCCH based
	7.48%
	9.90%
	11.21%
	11.89%
	12.24%

	
	RS based
	13.53%
	16.28%
	17.76%
	18.54%
	18.93%

	Paging PDCCH
	0%
	1.04%
	1.60%
	1.90%
	2.04%




	Sony
	Observation 5 – The amount of power saving gain for high paging rate per PO is much higher when UE grouping is carried in a sequence-based early paging indicator than when UE sub-grouping is done using paging DCI.

Proposal 3 – Use sequence-based early paging indicator with sub-grouping for paging enhancement and reducing unnecessary paging reception. 


Table 2 - Summary of power saving gains for different UE subgrouping techniques in percentage
	
UE sub-grouping technique
	Low SINR/bad coverage
	High SINR/good coverage

	
	N=10/paging rate per PO = 10%
	N=100/paging rate per PO = 60%
	N=10/paging rate per PO = 10%
	N=100/paging rate per PO = 60%

	Cross-slot scheduling 
	0.32
	3.0
	0.1
	0.99

	SSS-based PEI carries UE subgrouping info.
	12.66
	13.67
	27.56
	25.02

	SSS-based PEI + UE subgroup using paging DCI
	12.58
	9.93
	26.28
	11.77




	Nokia
	
Observation: DCI-based EPI consistently provides the highest energy saving potential for low/medium/high SINR UEs as compared to SSS- and TRS-based EPI

[bookmark: _Ref53997712][image: ]
Figure 4 Evaluation results. Group paging rate of 10 %, with 1 sub-group.


Observation: DCI-based EPI with 4-8 sub-groups provide reasonable energy saving gain compared to DCI-based EPI without groups, while larger number of sub-groups (16) only marginally improve the energy saving potential.

[bookmark: _Ref67042798]Table 1 Energy saving gain vs DCI-based EPI without subgrouping. All numbers in %.
	
	#Subgroups\Group paging rate
	10 %
	20 %
	30 %
	40 %

	Low SINR
	2
	3.1
	5.8
	8.2
	10.3

	
	3
	4.1
	7.7
	10.9
	13.8

	
	4
	4.6
	8.6
	12.3
	15.5

	
	8
	5.4
	10.1
	14.3
	18.1

	
	16
	5.7
	10.8
	15.3
	19.4

	Medium SINR
	2
	2.1
	4.0
	5.7
	7.3

	
	3
	2.8
	5.3
	7.6
	9.8

	
	4
	3.1
	5.9
	8.6
	11.0

	
	8
	3.6
	6.9
	10.0
	12.9

	
	16
	3.9
	7.4
	10.7
	13.8

	High SINR
	2
	1.3
	2.6
	3.7
	4.9

	
	3
	1.8
	3.4
	5.0
	6.5

	
	4
	2.0
	3.8
	5.6
	7.3

	
	8
	2.3
	4.5
	6.6
	8.5

	
	16
	2.5
	4.8
	7.0
	9.1





	Nordic
	Observation-2: R17 low SNR UEs, capable of TRS-based synchronization, may consume 82% of power per PO, compared to their R16 predecessors 




For the UE power saving gain comparison, the following statistics can be collected:
· Comparable (5): Spreadtrum, ZTE, MTK, Xiaomi, Apple
· Better gain with sequence-based PEI (3): vivo, CATT, Samsung
· Better gain with PDCCH-based PEI (1): Nokia

The following observation is therefore suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Observation 4:
Comparing UE power saving gains with PDCCH-based PEI and sequence-based PEI,
· 5 companies show the UE power saving gains are comparable
· 3 companies show better UE power saving gain with sequence-based PEI
· 1 company shows better UE power saving gain with PDCCH-based PEI


Further email discussion on the following updated version 4a is carried, but there is no consensus due to time limit:

Observation 4a:
For the evaluation and comparison of PEI candidate designs, the following summarize companies observations on UE power saving gain:

	PEI candidate design with the best UE power saving gain
	Number of companies providing observations
	Note

	All comparable
	5 (Spreadtrum, ZTE, MTK, Xiaomi, Apple)
	· When UE is not indicate to monitor PO, UE receives one SS burst and PEI
· Average paging rate per PO is 10%


	Sequence-based PEI
	3 (vivo, CATT, Samsung)
	1. PDCCH-based PEI has worst power saving gain if it is detected after receiving 2 or 3 SS bursts

	PDCCH-based PEI
	1 (Nokia)
	1. Multiple sequence-based PEI can be needed to ensure fine synchronization before PO (low SNR case)




Overall Recommendation for PEI Physical Channel/Signal Design
From the previous sections of comparisons, collection and statistics of companies’ views related to overall recommendation for PEI physical layer channel/signal design are first provided before further discussion and decision on the potential proposal(s).

Table 6: Companies’ views related to overall recommendation for PEI physical layer channel/signal design
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Proposal 1: Adopt DCI carried by PDCCH as the physical layer channel for PEI indication in Rel-17.

	OPPO
	Proposal 1: DCI-based PEI is preferred for paging early indication.


	Spreadtrum
	Proposal 1: Consider to specify DCI-based PEI.


	vivo
	Proposal 5: Sequence (i.e., SSS-like or TRS-like) should be adopted for PEI design.
Table 7: Summary of different PEI candidate designs
	PEI designs
Metrics
	SSS-like sequence-based PEI
	TRS-like sequence-based PEI
	DCI-based PEI

	Performance
	good
	good
	normal

	Resource overhead
	good
	good
	bad

	Coexistence
	good
	good
	good



Proposal 6: Adopt the sequence-based grouping method introduced in Rel-16 NB-IoT as described in Table 1. With this method, UE only needs to detect the following two sequences of SSS-like or TRS-like PEI, if sub-groups are configured.
· The sub-group specific sequence, to indicate only the sub-group which the UE belongs to receive paging, and
· The common sequence, to indicate no less than two sub-groups to receive paging.

	ZTE
	[bookmark: _Toc16864][bookmark: _Toc68621490][bookmark: _Toc10853][bookmark: _Toc20529][bookmark: _Toc29204][bookmark: _Toc8020]Proposal 3: Adopt DCI-based PEI to reduce the paging reception for RRC idle/inactive state UE. 
Table 5 Comparison between DCI-based PEI and SSS/TRS-like PEI
	
	DCI-based PEI
	SSS/TRS-like PEI

	Performance
	Better performance and coverage.
	Legacy SSS-like PEI CANNOT meet the performance requirement;
Two-symbol TRS-like PEI has “error floor”.

	Power saving gain
	Almost the same.

	Resource overhead
	DCI based PEI occupies less resources for both Behv-A and Behv-B.

	Flexibility
	High flexibility. DCI-based PEI can flexibly adapt to different sub-groups, number of POs, and paging PDSCH TBS scaling factors.
	Low flexibility.

	System impact
	1)Carry more information, such as,
· SI change and ETWS,
· TRS availability indication.
2) No impact on the existing signal channels.
3) Smaller standardization workload.
	1) Limited information can be carried if the resource load is not increased.
2) Impact on the functionalities of existing signals, e.g., SSS.
3) Heavier standardization workload, such as, 
· CDM, TDM, or FDM, if sub-grouping is carried
· sequence generation, 
· resource mapping, 
· Co-existence with legacy signal/channel




	CATT
	Proposal 3: The sequence-based PEI should be adopted in Rel-17 for UE in IDLE/Inactive mode for UE power saving.

Table 5: Comparison of PEI candidate designs
	PEI candidate designs
	Detection performance
	Power saving gain
	Coexistence
	Resource overhead

	DCI-based PEI
	Bad
	Low
	Well
	Large

	Sequence-based PEI
	TRS-based PEI
	Good
	High
	Well
	Small

	
	SSS-based PEI
	Good
	--
	Well
	Small


	

	MediaTek
	[bookmark: _Ref68694653]Observation 10: PEI-SSS performs worst in coexistence, det. performance and resource overhead due to:
· (Coexistence) Rel-15 UE is only mandated to support “semi-static” RB-symbol rate-matching patterns
· (Detection performance) Lack of frequency diversity due to localized resource allocation, and compromised time-domain combining gain due to the phase rotation induced by residue CFO ([-0.5 0.5] ppm)
· (Resource overhead) “Semi-static” resource occupation and inferior performance causes highest overhead

[bookmark: _Ref68694714]Observation 11: PEI-TRS performs moderate in coexistence, det. performance and resource overhead due to:
· (Coexistence) Dynamically sharing PDSCH resources requires gNB indication via only DCI format 1_1. For PDSCH resources scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0, the REs corresponding to configured resources in aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are assumed available for PDSCH by Rel-15 UEs.
· (Detection performance) There is no TRS detection performance requirements in RAN4, and new requirements need to be defined for both MDR (related to Behv-B) and FAR (related to Behv-B).

[bookmark: _Ref68694750]Observation 12: PEI-PDCCH performs best in coexistence, det. performance and resource overhead because:
· (Coexistence) UE blind decoding for PDCCH enables dynamic resource sharing for PEI without the need of additional gNB indication
· (Detection performance) MDR performance test can reuse/extend Rel-16 DCP performance requirements, and FAR is guaranteed by CRC
· (Resource overhead) Largest UE (sub)group indication capacity can be utilized to reduce the required PEI number for a given number of UE (sub)groups in an idle DRX cycle.

[bookmark: _Ref68694789]Proposal 6: For Rel-17 paging early indication, PDCCH-based design with the following is selected:
· 12-bit DCI payload with CRC scrambled by P-RNTI
· Behv-A or Behv-B is configurable via a (new) SIB

Table 6: Summary of metric comparisons for PEI candidate designs 
	Metric
	Behv-A: UE is not required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-A
	PEI-TRS-A
	PEI-SSS-A

	Coexistence
	   Dynamically sharing PDCCH resources w/o gNB indication
	Dynamically sharing PDSCH resources with gNB indication (via only DCI format 1_1)
	Statically sharing PDSCH resources

	Det. Performance
	Ready with Rel-15 PDCCH design; can reuse/extend Rel-16 DCP performance requirements
	Ready with Rel-15 TRS design; need new RAN4 performance requirements
	“3-symbol” SSS

	Resource Overhead
	Smallest for TB scal. 1.0
	Smallest for TB scal. 0.5
	Largest

	Power Saving
	Comparable since the same proc. timeline when UE is not paged (90% time)

	Metric
	Behv-B: UE is required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO

	
	PEI-PDCCH-B
	PEI-TRS-B
	PEI-SSS-B

	Coexistence
	Dynamically sharing PDCCH resources w/o gNB indication
	Dynamically sharing PDSCH resources 
w/o gNB indication

	Det. Performance
	Ready with Rel-15 PDCCH design; can reuse/extend Rel-16 DCP performance requirements
	Ready with Rel-15 TRS design; need new RAN4 performance requirements
	“3-symbol” SSS

	Resource Overhead
	Smallest
	Medium
	Largest

	Power Saving
	Comparable since the same proc. timeline when UE is not paged (90% time)




	Panasonic
	Proposal 1: Further discussion on Behv-A and B is necessary for deciding PEI channel design.

	CMCC
	

	Xiaomi
	Proposal 1: Based on the above observations, DCI-based PEI is preferred than sequence-based PEI.


	Intel
	Proposal 2: Support sequenced-based PEI (TRS or SSS based) in Rel-17 for idle/inactive mode UE.


	Apple
	Proposal 1: Use PDCCH to carry paging early indication.


	Qualcomm
	[bookmark: p3]Proposal 3: Rel-17 PEI design is based on
· PDCCH if the PEI also indicates availability of TRS/CSI-RS at configured occasion(s)
· SSS if the paging PDCCH indicates availability of TRS/CSI-RS at configured occasion(s)

	Samsung
	Proposal 6: Prioritize RS-based PEI over PDCCH-based PEI for better power saving performance.

Proposal 9: Prioritize RS-based PEI over PDCCH-based PEI for low resource overhead.


	Sony
	Proposal 2 – Use sequence-based early paging indication as a paging enhancement scheme to reduce idle PO monitoring cost at the UE. 

Proposal 4 – Use an SSS-based PEI based on Behv-A, i.e., use a PEI where the indicator is only transmitted when there is a paging available for the target UE or sub-group of UEs.


	LG
	Proposal 2: Conveying PEI information using PDCCH is supported

Proposal 3: Introduce a new compact DCI format that conveys PEI information with smaller DCI bits than paging DCI.
- PEI monitoring occasion can be configured with the offset to the PO 


	Nokia
	Proposal: Base the EPI design on PDCCH/DCI.


	InterDigital
	Proposal 1: SSS is adopted for paging early indication.


	NTT DoCoMo
	Proposal 2: DCI-based PEI should be supported.

Proposal 3: The following candidates can be considered as the information notified by PEI:
· Whether or not UE wakes up at PO
· Subgroup Information
· Availability of TRS/CSI-RS for idle/inactive mode
· legacy indication (ETWS, SI update)


	Lenovo
	

	Ericsson
	[bookmark: _Toc68638323][bookmark: _Toc68638417]Observation 1    A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.
Observation 2   A DCI-based PEI, compared to the sequence-based, has less impact on UE and the NW both in terms of power, complexity, and consumed resources when multiple groups are addressed simultaneously and/or including various information elements.
Proposal 1    Physical layer design for PEI is based on PDCCH DCI.

	Nordic
	

	
	



There are 18 companies expressing explicit recommendations for PEI physical layer channel/signal design. The following statistics can be collected:

· PDCCH-based PEI (12): HW/HiSilicon, OPPO, Spreadtrum, ZTE, MTK, Xiaomi, Apple, QC, LG, Nokia, DoCoMo, Ericsson
· Sequence-based PEI (7): vivo, CATT, Intel, QC, Samsung, Sony, IDC
· SSS (6): vivo, CATT, Intel, QC, Sony, IDC
· TRS (4): vivo, CATT, Intel, Samsung

Since selection of the physical layer candidate design is fundamental to any further specification work, the following working assumption is therefore suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Proposal 1:
(Working Assumption) PDCCH-based paging early indication design is supported. 



Support of Behv-A and/or Behv-B
In this subsection, collection and statistics of companies’ views related to support of Behv-A and/or Behv-B are first provided before further discussion and decision on the potential proposal(s).

Table 7: Companies’ views on Support of Behv-A and/or Behv-B
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	

	OPPO
	Proposal 7: Behv-A should be considered in PEI designs.	

	
	gNB
	UE
	delay

	Normal status
(10% group paging rate per PO)
	Behv-A has the lower power consumption than Behv-B
	The same power consumption for Behv-A and Behv-B
	-

	Miss detection happens
	Behv-A has extra power consumption
	Behv-B has extra power consumption
	Behv-A has extra delay

	False detection happens
(which is with little probability)
	Behv-B has extra power consumption
	Behv-A has extra power consumption
	Behv-B has extra delay




	Spreadtrum
	

	vivo
	Proposal 4: Behavior A should be adopted for UE behavior of PEI detection.

	ZTE
	

	CATT
	

	MediaTek
	Proposal 6: For Rel-17 paging early indication, PDCCH-based design with the following is selected:
· 12-bit DCI payload with CRC scrambled by P-RNTI
· Behv-A or Behv-B is configurable via a (new) SIB


	Panasonic
	Proposal 4: When UE is certain about the SIB configuration of PEI, if UE does not detect PEI, UE is not required to continue monitoring paging PDCCH in the PO after PEI.
Proposal 5: When UE is not certain about the SIB configuration of PEI, e.g. during SI modification period or before obtaining SIB configuration related to PEI and/or TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.

	CMCC
	

	Xiaomi
	

	Intel
	Observation 2: For 1 PEI to 1 PO association, Behv-B could cause more signalling overhead for PEI transmission and/or increased UE power consumption compared to Behv-A. This makes benefits of Behv-B over Behv-A questionable. 

Proposal 1: Support Behv-A only as PEI functionality.
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

	Apple
	Proposal 2: Adopt Behv-A, i.e.,
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged.
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO.

	Qualcomm
	Observation 1: Regarding Behv-A and Behv-B for PEI
· When group paging rate for each PO is below 50% (e.g., 10%), Behv-A allows network to less often transmit PEI (10% of the time), and Behv-B requires network to more often transmit the PEI (90% of the time)
· In a heavily loaded network, network may have to drop PEI transmission due to the lack of resources. Then network should better just disable PEI.
· NB-IoT has assumed Behv-A type of wake-up signal design
· In Rel-16 connected mode WUS design, network can configure which behavior the UE should assume. This unnecessarily increases the UE implementation complexity.
Proposal 2: Support Behv-A for Rel-17 PEI design from the two UE behaviors agreed in RAN1# 104-e 


	Samsung
	Proposal 8: Support only Behav-A for PEI for the benefit of low resource overhead.


	Sony
	Proposal 4 – Use an SSS-based PEI based on Behv-A, i.e., use a PEI where the indicator is only transmitted when there is a paging available for the target UE or sub-group of UEs.


	LG
	

	Nokia
	Observation: Behv-A should be assumed as a baseline operation for EPI.

Proposal: Enable support of both Behv-A and Behv-B based on network configuration. Details would be for RAN2.


	
	




By the above table of companies’ views, the following statistics can be collected:

Only Behv-A supported (7): OPPO, vivo, Intel, Apple, QC, Samsung, Sony
Both supported (3): MTK, Panasonic (with Behv-B in some condition), Nokia

Following the majority view, the following proposal is suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Proposal 2:
For paging early indication, the following Behv-A is supported:
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO

FFS: Whether the following Behv-B is supported by network configuration or under some condition:
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO



Other Aspects
In this subsection, collection and statistics of companies’ views related to other agreed aspects/metrics will be first provided before further discussion and decision on potential observation(s) and proposal(s).
Table 8: Companies’ views for other aspects
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Observation 10. Sequence-based PEI signals is not suitable to support the indication of short message.
Observation 11. Sequence-based PEI signals is not suitable to support other power related information, e.g. assistance TRS availability indication
Observation 12. DCI-based PEI can be flexibly configured to carry PEI indication, sub-group indication, short message and other power saving functionalities, e.g. the availability indication of assistance TRS.

	OPPO
		
	gNB
	UE
	delay

	Normal status
(10% group paging rate per PO)
	Behv-A has the lower power consumption than Behv-B
	The same power consumption for Behv-A and Behv-B
	-

	Miss detection happens
	Behv-A has extra power consumption
	Behv-B has extra power consumption
	Behv-A has extra delay

	False detection happens
(which is with little probability)
	Behv-B has extra power consumption
	Behv-A has extra power consumption
	Behv-B has extra delay




	Spreadtrum
	
Observation 4: The additional TRS/CSI-RS would be efficient for DCI-based PEI.


	vivo
	Observation 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Observation 13: Feasibility of TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are settled.


	ZTE
	[bookmark: _Toc25809][bookmark: _Toc8943][bookmark: _Toc12351][bookmark: _Toc68621489][bookmark: _Toc16936][bookmark: _Toc4646]Proposal 2: The system information change and availability indication of periodic TRS can be conveyed by PEI.

	CATT
	Observation 12: When one PEI indicates multiple POs, no matter behavior-A or behavior-B, the PEI detection performance is degraded.

Proposal 6: Whether to support multiple POs associated with one PEI need further study, taking into account the following factors:
· PEI overheads
· PEI detection performance.
· Power saving gains between different POs associated with one PEI.
· Necessity of multiple POs associated with one PEI.

	MediaTek
	

	Panasonic
	

	CMCC
	

	Xiaomi
	Proposal 4: Cross-slot scheduling with extended k0 is not supported.


	Intel
	

	Apple
	

	Qualcomm
	Proposal 3: Rel-17 PEI design is based on
· PDCCH if the PEI also indicates availability of TRS/CSI-RS at configured occasion(s)
SSS if the paging PDCCH indicates availability of TRS/CSI-RS at configured occasion(s)

	Samsung
	

	Sony
	Observation 8 – The use of sequence-based early paging indicator is also beneficial for the FR2 case since the UE does not need to monitor a wider bandwidth for its paging detection.

Proposal 7 - Use sequence-based early paging indicator with sub-grouping for paging enhancement for FR2 operation.


	LG
	Observation 2: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 

Observation 3: Informing short messages over the PEI avoids unnecessary UE wake ups at PO.

Proposal 1: PEI should at least convey the information on UE sub-group indication and short message 
– FFS: TRS/CSI-RS availability indication and/or UE group indication via PEI
– FFS: UE sub-group indication at a PO with same slot scheduling 



	Nokia
	Observation: PDCCH based EPI offers the best flexibility in terms of information payload support.

Observation: In terms of specification effort different EPI designs are somewhat comparable, while PDCCH based design would be most straight forward.

Observation: For TRS-EPI and SSS-EPI some receiver changes may be needed, depending on the final EPI design. Use of TRS-EPI for time/frequency synchronisation for paging reception or in general would not be feasible in all cases and in all behaviors.

Proposal: Neither Short Message Indicator nor Short Message are included to EPI.


	InterDigital
	

	NTT DoCoMo
	Observation 1: When UE doesn’t monitor PO based on PEI indication, UE can’t judge whether there are ETWS and SI change or not by receiving paging DCI.

Observation 2: DCI-based PEI is best way considering legacy information, e.g., ETWS, SI update, is indicated via PEI. 

Observation 3: Availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by DCI-based PEI.


	Lenovo
	Proposal 1: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.

	Ericsson
	[bookmark: _Toc68638322]Observation 1    A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.

	Nordic
	Proposal-1: Send an LS to RAN4 asking whether SSB followed by 2-slot TRS burst (4 symbols of TRS) would be sufficient for a UE to synchronize to a degree to receive paging PDCCH and/or paging PDSCH. 

Proposal-3: TRS presence for the current paging event is indicated in paging DCI and PEI of the previous paging event, that is one DRX cycle before. 



	
	




From the above table, there are quite a few inputs on whether and what information PEI can carry in addition to UE (sub)group indication for PO monitoring. In particular, the following statistics can be collected:

· TRS availability indication (5): HW, ZTE, QC (conditioned on PDCCH-based PEI), DoCoMo, Nordic
· Objection: vivo (dependency on PEI PHY selection)
· System information change and/or ETWS (3): ZTE, LG, DoCoMo
· Short message (2): HW, LG
· Objection: Nokia

Since the support level for the first two items are higher, the following proposal is suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Proposal 3:
For PDCCH-based paging early indication, indication of TRS availability in PEI is supported
· FFS: Indication for system information change and/or ETWS



[bookmark: _Ref68686441]Physical Layer Design for Carrying Subgroups Information
In this section, collection and statistics of companies’ views related to physical layer design for carrying subgroups information with respect to the following agreement in RAN1 #104-e [1][2] will be first provided before further discussion and decision on the potential observation(s) and proposal(s).

	Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 


	Agreements:
Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.





Table 9: Companies’ views related to UE subgroup indication
	Company name
(t-doc# order)
	Company views

	HW
	Observation 7: For PDCCH-based PEI, the payload can be used for sub-group indication and associated with multiple POs flexibly

For PDCCH-based PEI, it is straight forward to use the DCI payload to convey the sub-group indication and PEI indication bits for multiple POs. For example, one PEI can associate with a total paging frame of four paging occasion and the users in each paging occasion are divided into 3 subgroups. So a total of 12 sub-groups can be indicated by the PEI, which could be carried in a DCI format with 12 bit payload size.
For sequence-based PEI such as SSS and TRS/CSI-RS, since only one sequence can be transmitted at one time. Additional design should be provided for carrying sub-grouping indication and association of multiple POs, and the following alternative solutions can be considered:
· Alternative 1: FDM or TDM.
· Alternative 2: Single sequence CDM.

Observation 12: DCI-based PEI can be flexibly configured to carry PEI indication, sub-group indication, short message and other power saving functionalities, e.g. the availability indication of assistance TRS.

If SSS-based and TRS-based PEI are deployed, multiple PEIs would be required to convey the short message, otherwise in order to get the SI change and/or ETWS information, the UE shall always receive paging DCI regardless of what is indicated in the PEI. Then there is no obvious power saving gain.

Proposal 1: Adopt DCI carried by PDCCH as the physical layer channel for PEI indication in Rel-17.


	OPPO
	Proposal 5: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.

Proposal 3: Type0-PDCCH CSS or PDCCH CSS for DCI format 2_6 can be used for PEI monitoring.
Proposal 4: The existing DCI format 2_6 or 1_0 is reused for paging early indication or specify a new DCI format, if DCI-based indication is considered.

Existing DCI format 2_6 has supported indicating wake-up signals to multiple UE sub-groups, as shown in Figure 7. For DCI format 1_0 scrambled by SI-RNTI, reserved bits can be used to indicate sub-grouping specific PEI. And PDCCH signal can carry more information whereas a sequence-based transmission may not.


Figure 7 DCI format 2_6


	spreadtrum
	Proposal 2: Consider to specify new DCI format like DCI format 2_6 for DCI-based PDCCH.

But DCI format 2_6 is designed for connected mode UE, in which the bit segmentation for a UE can be dedicated RRC configured. Dedicated RRC cannot configure the bit segmentation for an idle mode UE, so there could be some standardization efforts to extend DCI format 2-6 from connected mode to idle mode.
…
In our view, Candidate-1(DCI format 1_0) 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 Candidate-3 (New DCI format like DCI format 2_6), i.e. new DCI format like DCI format 2_6 for DCI-based PEI

	vivo
	Observation 3: Grouping method introduced in Rel-16 NB-IoT can save the number of candidate sequence by defining a “common sequence” representing the case that no less than two sub-groups need to be paged.
Proposal 1: Sub-grouping indication carried in sequence-based PEI should be supported for paging enhancement. 

There are two kinds of sequence. 
One is the sub-group specific sequence, which is linked to one UE sub-group. 
The other one additional sequence aims to wake up all the UE sub-groups for this PO, named as “common sequence” in this contribution.
 UE should wake up to receive paging PDCCH, if either the sequence associated with the UE subgroup or the common sequence is detected.

Table 1: Grouping method adopted in Rel-16 NB-IoT for sub-grouping indication carried by sequence-based PEI.
	Sub-group A
	Sub-group B
	Sub-group C
	Sub-group D
	Sequence index
	Probability

	>= 2 sub-groups need to be woke up
	0
	0.004

	Wake up
	sleep
	sleep
	sleep
	1
	0.024

	sleep
	Wake up
	sleep
	sleep
	2
	0.024

	sleep
	sleep
	Wake up
	sleep
	3
	0.024

	sleep
	sleep
	sleep
	Wake up
	4
	0.024

	sleep
	sleep
	sleep
	sleep
	5
	0.9
(1 - per PO paging rate)


The probability that no less than two sub-groups need to be woke up is negligible i.e. 0.004 and the additional false alarm rate caused by the common sequence is marginal.

Proposal 3: The sub-grouping indication by using paging PDCCH should be excluded. And reply the LS sending from RAN2 as follow:
· From RAN1 perspective, the sub-grouping indication by using paging PDCCH should not be supported.
------
8.7.1.3
Observation 1: Group based paging can reduce the paging false alarm rate greatly (i.e. from ~10% to ~1.29% or 2.6%). 
Observation 2: Compared with bitmap-based mapping approach, codepoint-based mapping approach can achieve higher gain on paging false alarm reduction in low paging rate (e.g. 10% per PO).
Proposal 1: To discuss the following approaches for paging grouping indication:
Approach 1: Codepoint-based maping, i.e. different codepoints are mapped to different UE groups.
Approach 2: Bitmap-based mapging, i.e. each bit is mapped to one UE group. 

Proposal 2: UE_ID based UE grouping is considered as the baseline for paging enhancement. Other methods for sub-grouping, e.g. based on paging probability information, could be further studied after identifying the beneficial use cases.

	ZTE
	[bookmark: _Toc4425][bookmark: _Toc2488][bookmark: _Toc2582][bookmark: _Toc1217][bookmark: _Toc68621488][bookmark: _Toc19102]Proposal 1: The combination of PEI and sub-grouping indication should be supported.

	CATT
	Observation 7: For supporting sequence-based PEI with sub-grouping, if no more than one sequence is transmitted in a resource at a given time, the false alarm probability is negligible.

The sequence-based PEI with sub-grouping can refer to the Group WUS design, there are two potential options to support sub-grouping:
Option 1: Multiple sub-grouping sequence-based PEI can be transmitted in a resource at a given time. Any sub-group UEs are paged, the corresponding sub-group sequence-based PEIs will be transmitted. 
Option 2: Single sequence-based PEI is transmitted in a resource at a given time. If more than one sub-group of UEs are paged, then common sequence-based PEI is transmitted.
Therefore, it is desirable that common sequence-based PEI is transmitted when more than one sub-group of UEs are paged. This design of sequence-based PEI with sub-grouping only causes a little false alarm but the system resource overhead is not increased.

	MTK
	[bookmark: _Ref68694874]Proposal 7: UE subgroup indication is carried in PEI when PEI is configured.
[bookmark: _Ref68685788][bookmark: _Ref68694898][bookmark: _Ref68694993]
Proposal 8: For PEI-PDCCH-A/B with n bits for UE (sub)group indication in a PO, the following subgroup mapping can be supported:
· Behv-A (PEI indicates UE should monitor a PO if UE’s group/subgroup is paged, and UE is not required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO):
· Use value 0 to (2n – 2) to indicate any of the corresponding indexed UE (sub)group is paged
· Assume each UE (sub)group is indexed by m ranging from 0 to 2n - 2. If UE sees an associated value m from the PEI, UE is required to monitor the PO.
· Use value (2n – 1) to indicate UE is required to monitor its associated PO(s) 

· Behv-B (PEI indicates whether or not UE should monitor a PO, and UE is required to monitor a PO if UE does not detect any PEI out of all PEI occasion(s) for the PO)
· Use value 0 to indicate that no UE (sub)group is paged
· Use value 1 to (2n – 2) to indicate any of the corresponding indexed UE (sub)group is paged
· Assume each UE (sub)group is indexed by k ranging from 1 to 2n - 2. If UE sees an associated value k from the PEI, UE is required to monitor the PO.
· Use value (2n – 1) to indicate all UE (sub)groups are paged
· If UE sees value (2n – 1) from the PEI, it is required to monitor its associated POs

· Note: Compared with indicating n UE (sub)group by n bits, the above mapping can provide indication of 2n – 1 UE (sub)groups with Behv-A or 2n – 2 UE (sub)groups with Behv-B while maintaining reasonable paging false alarm rate.

Proposal 9: If UE subgrouping enhancement can be supported without PEI, the spared bits of paging PDCCH can be utilized for subgroup indication. The mapping design in Proposal 8 can be applied to minimize the required number spared bits.

	Panasonic
	The sub-grouping index could be associated with UE ID and can be indicated by the PEI. All such information can be configured in SIB.
Proposal 2: Sub-grouping information could be carried in the PEI, which is associated with UE ID.
Proposal 3: Sub-grouping information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping indication is achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
Table 4. Example of configurable subgrouping indication by PEI and paging DCI
	Channel carrying subgrouping index 
	Number of bits of the subgrouping index carried by each channel.

	PEI
	0
	1
	2

	Paging DCI
	0 or 1
	0
	0, 1 or 2




	CMCC
	(To achieve largest power saving gain)
Proposal 1. Support using PEI to provide the indications for UE subgroups.
Proposal 3. If UE ID based sub-grouping is supported, the sub-group index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n, where n is the number of sub-groups in one PO.
In current paging design, UE ID is used to calculate PF (Paging Frame) and PO to divide UEs into different POs, according to the formula in TS 38.304 as following, 
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The difference among UE_IDs which calculate the same PO is an integer multiple of N*Ns, i.e., UEs with UE_ID#1, UE_ID#1+N*Ns, UE_ID#1+2*N*Ns… monitoring the same PO. 
Assuming there is n sub-groups in one PO, as the difference among UE_IDs in one PO is an integer multiple of N*Ns, the sub-group index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n to realize the uniform distribution.


	Xiaomi
	Proposal 1. Support using PEI to provide the indications for UE subgroups.

Proposal 3: Sub-grouping methods by 1) reserved bits in legacy paging DCI and 2) DCI-based PEI should be further studied. 

	Intel
	Proposal 2: Support sequenced-based PEI (TRS or SSS based) in Rel-17 for idle/inactive mode UE.
Proposal 3: Both PEI and paging DCI may jointly indicate UE sub-grouping information, specially when number of sub-groups is large and PEI is sequence based.

Proposal 4: Signalling design for UE sub-grouping can be postponed until PEI signal/channel design is confirmed.


	Apple
	Proposal 1: Use PDCCH to carry paging early indication.

However, PDCCH-based solution has advantages in some other aspects:
· Relatively speaking, it has less specification impact, and less gNB/UE implementation impact.
· It is easier to use PDCCH to carry other information, such as sub-grouping information, the TRS/CSI-RS availability indication.
Therefore, we think PDCCH-based solution should be adopted.


	QC
	[bookmark: p1]Proposal 1: UE sub-groups can be indicated by
· Paging PDCCH
· Unused bits and/or reserved bits of the DCI
· This includes cross-slot scheduling based paging PDCCH as PEI
· PDCCH based PEI
· DCI field bits 
· RS or sequence-based PEI
· Different sequences, these sequences can be transmitted in different sets of RBs and symbols.
Proposal 3: Rel-17 PEI design is based on
· PDCCH if the PEI also indicates availability of TRS/CSI-RS at configured occasion(s)
· SSS if the paging PDCCH indicates availability of TRS/CSI-RS at configured occasion(s)

If TRS/CSI-RS availability is carried by paging PDCCH, then SSS based PEI design would be better due to its potential higher power saving gain if the PEI is received by receiver front end narrow band processor.

	Samsung
	Observation 4: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient

Observation 7: The reserved bits in legacy paging PDCCH support up to 14 UE subgroups per PO without additional resource overhead.

Observation 8: Both PDCCH-based PEI or RS-based PEI is feasible for UE sub-grouping.

Proposal 5: Support UE subgrouping based on paging PDCCH and/or PEI.

Proposal 6: Prioritize RS-based PEI over PDCCH-based PEI for better power saving performance. 


	Sony
	Observation 3 – Sequence-based (e.g. SSS-based) early paging indication fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 

Proposal 2 – Use sequence-based early paging indication as a paging enhancement scheme to reduce idle PO monitoring cost at the UE. 


Observation 4 – Among the three sub-grouping candidates, UE sub-grouping using sequenced-based/SSS-based early paging indication fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for a target UE. 


	LG
	Observation 1: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.

Proposal 1: PEI should at least convey the information on UE sub-group indication and short message 
– FFS: TRS/CSI-RS availability indication and/or UE group indication via PEI
– FFS: UE sub-group indication at a PO with same slot scheduling 

Proposal 2: Conveying PEI information using PDCCH is supported

Proposal 3: Introduce a new compact DCI format that conveys PEI information with smaller DCI bits than paging DCI.
- PEI monitoring occasion can be configured with the offset to the PO 


	Nokia
	Observation: Supporting sufficient number of sub-groups enables to obtain comparable power saving gains with random subgrouping as with deterministic sub-group assigment.

Proposal: RAN1 agrees that EPI design should support at least 8 sub-groups. Actual number used should be configurable by network.

Proposal: Base the EPI design on PDCCH/DCI 


	DMC
	Observation 1: When UE doesn’t monitor PO based on PEI indication, UE can’t judge whether there are ETWS and SI change or not by receiving paging DCI.

Observation 2: DCI-based PEI is best way considering legacy information, e.g., ETWS, SI update, is indicated via PEI. 

Observation 3: Availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by DCI-based PEI.

Observation 4: DCI-based PEI that can notify a lot of information is desirable for subgroups.

Observation 5: The power saving gain can be obtained at any grouping rate by combining PEI with subgroup indication and/or TRS/CSI-RS indication.

Proposal 2: DCI-based PEI should be supported.


	Leveno
	Observation 1: Sub-group based PEI (i.e. sub-grouping of UEs of the same PO) may degrade detection/decoding performance of PDCCH based PEI due to an increased DCI size.

Observation 2: Sub-group based indication in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
Proposal 6: Support sub-group based indication in paging DCI to skip decoding of a paging PDSCH.


	Ericsson
	Observation 1: A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.
Observation 2: A DCI-based PEI, compared to the sequence-based, has less impact on UE and the NW both in terms of power, complexity, and consumed resources when multiple groups are addressed simultaneously and/or including various information elements.
Proposal 1 Physical layer design for PEI is based on PDCCH DCI.


	Nordic
	Proposal-2: PEI design supports the case where paging PDSCH is in different frame than paging early indication. 





From companies’ views, the following statistics on what physical channel to carry UE subgroup indication can be collected:

If PEI configured, which channel to carry UE subgroup indication(s): 
· Paging PDCCH 
· Xiaomi, QC, Samsung, Leveno 
· PEI 
· HW, OPPO, spreadtrum, vivo, ZTE, CATT, MTK, CMCC, Xiaomi, Intel, Apple, QC, Samsung, Sony, LG, Nokia, DCM, Ericsson
· PEI + Paging PDCCH:
· Panasonic, Intel
· Note: Under the condition UE subgroup number per PO is large 
If PEI is not configured, whether and what channel to carry UE subgroup indication(s):
· Not support subgrouping
· OPPO, vivo
· Paging PDCCH
· MTK, Panasonic
Regarding the number of maximum supported UE subgroup number per PO, the following statistics can also be collected:
· 4: vivo, CMCC, Samsung
· 8: vivo, CMCC, CATT, Intel
· Larger than 8: MTK (12 bits), Intel

If the maximum UE subgroup number per PO is not large, carrying subgroup indication all in PEI looks agreeable. The following proposal is therefore suggested, and please refer to “Feedback_forms_for_R1-2103848” in the same zip file for companies’ feedbacks.

Proposal 4:
If PEI is configured, UE (sub)group indication is carried by PEI
· The maximum supported number of UE subgroups per PO is [8]

FFS: Whether and how to support carrying UE (sub)group indication in paging PDCCH if PEI is not configured.


Other PEI Design Details (Occasions, Configurations, etc.)
In this section, companies’ views related to other PEI design details are first collected:

Table 10: Companies’ views related to other PEI design details
	Company name
(t-doc# order)
	Company views

	Huawei, HiSilicon
	Observation 13. Considering there are different UEs in a cell, there can be multiple PEI occasions indicating the same PO.
Observation 14. A monitoring window and an offset between the SS burst and the monitoring window can be specified for the PEI design.

	OPPO
	
Proposal 2: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.

Proposal 3: Type0-PDCCH CSS or PDCCH CSS for DCI format 2_6 can be used for PEI monitoring.

Proposal 4: The existing DCI format 2_6 or 1_0 is reused for paging early indication or specify a new DCI format, if DCI-based indication is considered.

Proposal 6: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stops monitoring PDCCH for detecting a PEI.


	Spreadtrum
	Proposal 2: Consider to specify new DCI format like DCI format 2_6 for DCI-based PDCCH.


	vivo
	[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 7: The configuration of PEI occasion should satisfy that the gap between PEI and the first indicated PO contains M SSB bursts, where the value of M can be 1, 2, 3 etc.



Figure 6: The configuration for PEI occasion.


	ZTE
	

	CATT
	Proposal 7: The sequence-based PEI configuration and procedure could be calculated by reference signal/channel, e.g., reusing the procedure of paging occasion computation for 38.304.

Proposal 8: For IDLE/Inactive mode, multiple beams of PEI should be supported.

Proposal 9: For IDLE/Inactive mode, the spatial channel property of PEI is QCLed with the beams of SSB corresponding to paging PDCCH/PDSCH.


	MediaTek
	[bookmark: _Ref68694387]Proposal 2: The occasion of PEI burst (analogous naming as SS burst) is subject to periodicity  of candidate value  ms and of maximum value of, e.g., 320 ms.
· Note: For PEI-SSS utilizing RB symbol rate-matching pattern, maximum periodicity is limited by 40 ms
[bookmark: _Ref68694405]
Proposal 3: For a given PO configuration, the periodicity  is determined so that the number of UE (sub)groups equally partitioned by the total PEI burst occasion number in an idle DRX cycle is maximized subject to the limitations of maximum periodicity and UE (sub)group indication capacity per PEI.
· Note: If UE subgrouping is not available, each PO is regarded as a UE group
[bookmark: _Ref68694424]
Proposal 4: The occasion of PEI burst is allocated close to and after a SS burst, subject to an offset to the start of the earlier and closest SS burst. 
[bookmark: _Ref68694447]Proposal 5: There is minimum time gap between PEI and the associated POs such that, when UE is paged, there can ensure a targeted number of SS burst(s) after PEI reception and before PO reception.

In Figure 4, there illustrated the proposed mapping between PEI and POs/UE groups. For the following evaluation, we assume only one UE group per PO, which estimates the least resource overhead for providing early indication functionality under Rel-15 PO configurations.

[image: ]

[bookmark: _Ref68599036][bookmark: _Ref68694471]Figure 4: Illustration of proposed and evaluated mapping between PEI and POs/UE groups


	Panasonic
	

	CMCC
	Proposal 4. Support one-to-one and one-to-many mapping between PEI and PO.

Proposal 5. If PDCCH based PEI is supported, PEI can be behind or within the slots of first SS burst.

Proposal 6. If PDCCH based PEI is supported, a new search space can be defined for PEI monitoring.


	Xiaomi
	Proposal 2: DCI-based PEI can be carried in paging search space.  For target UE group A’s PO for paging, its PEI can be located in another UE group B’s PO which is earlier in time domain.


	Intel
	

	Apple
	Proposal 3: Consider the support of separate PO configurations for legacy UEs and new UEs.


	Qualcomm
	

	Samsung
	Observation 4: Flexible UE grouping for paging reception is already supported based on the configuration of a number of PFs/POs per DRX cycle. A PEI associated with one PO with potential UE subgrouping within a PO is sufficient.

Proposal 2: Support 1:1 mapping between a PEI and associated PO.  


Observation 5: A number of additional SSBs for synchronization after PEI reception are not necessary for UE with good channel condition or RS based PEI.

Proposal 3: Support configuration of a time offset, O, between start of PEI monitoring occasions and start of an associated PO without need for additional SSBs between PEI and associated PO.

Proposal 4: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.


	Sony
	Observation 7 - There is a certain probability that PEI transmission may potentially collide with DL transmission to a legacy UE or DL transmission of existing signals/channels to other UEs.

Proposal 5 – A window for PEI transmission/reception prior to PO is supported to avoid any blocking when other DL transmissions coincide with PEI. 

Proposal 6 – Signaling aspects on conveying the configuration of the PEI transmission/reception window and UE/network behavior on PEI reception/transmission are FFS.


	LG
	Proposal 3: Introduce a new compact DCI format that conveys PEI information with smaller DCI bits than paging DCI.
- PEI monitoring occasion can be configured with the offset to the PO 


	Nokia
	Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to EPI. 

Proposal: Network should be able to configure the EPI to only sub-set of SSB/‘broadcast’ beams.


	InterDigital
	

	NTT DoCoMo
	Proposal 3: The following candidates can be considered as the information notified by PEI:
· Whether or not UE wakes up at PO
· Subgroup Information
· Availability of TRS/CSI-RS for idle/inactive mode
· legacy indication (ETWS, SI update)


	Lenovo
	Proposal 2: A non-zero gap between the PEI and the corresponding PO or MO is configured for sequence based NR PEI.
Proposal 3: For PDCCH based PEI, Paging Power Saving (PPS)-PDCCH search space configuration can be signaled in SIB1 or in an RRC release message. 
Proposal 4: A DCI size for PDCCH based PEI is limited up to 120-140 bits to guarantee similar coverage and detection performance as DCI format 2_6.
Proposal 5: A PDCCH carrying PEI is intended to a group of UEs associated with a set of paging frames. A size of the set of paging frames may be dependent on selected paging configuration parameter values.

	Ericsson
	[bookmark: _Toc7813649][bookmark: _Toc68638418][bookmark: _Toc68638421][bookmark: _Toc68638423]Proposal 2        In order to facilitate flexible content in PEI, the number of information bits conveyed by PEI is configurable between 1 and a maximum value PEImax (FFS on PEImax).
[bookmark: _Toc7813650][bookmark: _Toc68638419][bookmark: _Hlk61081429]Proposal 3       For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
[bookmark: _Toc68638328][bookmark: _Toc54381099]
Observation 7 PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.

Proposal 4       PEI design supports higher-layer configuration of UE behavior wrt PEI detection/absence of PEI, i.e. whether UE follows Behv-A or Behv-B.
[bookmark: _Toc68638422]Proposal 6        RAN1 to discuss UE behavior w.r.t. PO PDCCH monitoring (e.g. to acquire ETWS/SI updates) even when UE determines that PEI indicates no paging in corresponding PO.
Proposal 7        Search space for PEI PDCCH monitoring can be configured separately from or can be same as one of the existing search spaces configured for PDCCH monitoring in Idle/inactive. 
[bookmark: _Toc7813653][bookmark: _Toc68638424]Proposal 8      PO-specific configuration of the PEI includes an offset from PO ranging at least up to 3 SSBs prior to PO and includes a window of PEI monitoring occasions during which the UE searches for PEI.
[bookmark: _Toc68638425]Proposal 9       PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.


	Nordic
	Proposal-2: PEI design supports the case where paging PDSCH is in different frame than paging early indication. 

Observation-1: There is always 6bit reserved in a paging DCI. Furthermore, in case 
·  a Short message is not transmitted in the DCI, 8 more bits become reserved.
·  a paging PDSCH is not scheduled by the DCI, 21 more bits become reserved.
Proposal-4: A paging PDCCH for group N contains in addition to R16 content:
· One bit to indicate presence of TRS burst for next paging cycle of UE-group N (assuming default DRX period T),
· One bit to indicate presence of TRS burst for next paging cycle of UE-group M (assuming default DRX period T) and
· 8 sub-groups of UE-group M using 4 or 8 (when available) bit resolution to indicate early-paging indication,
· where location of paging occasion of UE group M is [x] frames earlier.

	
	



There is no related discussion during RAN1 #104-bis-e due to time limitation.



[bookmark: _Ref68686484][bookmark: _GoBack]Summary
In this summary, companies’ views are collected, and the following observations are agreed:

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
3. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
3. 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  
3. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
3. 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


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:

1. If Behv-A is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capcity 
	Number of companies providing performance results

	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)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 1 symbol)
	3 bits
	1 (IDCC)

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)

	
	
	
	3 bits
	1 (IDCC)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)

	
	
	
	6 bits
	1 (CATT) 

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(OPPO, QC)

	
	
	
	4 bits
	1 (MTK)

	 

	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)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits
	1 (Intel)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	4 bits
	1 (MTK)



1. If Behv-B is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capcity
	Number of companies providing performance results

	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)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 (vivo, ZTE)

	
	
	
	6 bits
	1 (CATT)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)

	 

	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)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)






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:
	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
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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
	

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 
	57.6
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	576.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 2 symbols)
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	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
	

	
	
	
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)
	123.4
	HW/HiSi
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)
	21.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	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 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	6 bits
	1 (CATT) 
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's
	Dynamic 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

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits 
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)
	21.6
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

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

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH




· If Behv-B is assumed:

	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
	

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO;
average over all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	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
	

	
	
	
	6 bits
	1 (CATT)
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	279.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	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
	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
	

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO; 
RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	270.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH






For RAN1 #105-e, we suggest to specify/characterize the PEI candidate designs based on Observation 1a, 2a and 3a in parallel manner so as to achieve better understanding before down-selection on physical-layer design. For identifying the more feasible configurations, it can be useful to check those configurations based on results from more than 1 company, as quoted below for ease of reference. And the following are suggested

· Identify the assumptions that can achieve the best average resource overhead for each PEI candidate design, including Behv-A/B, PEI-PO relation and resource sharing assumptions etc.

· Specify, as much as possible, for each PEI candidate design for ensuring the targeted assumption. For example
· Whether Behv-A and/or B is supported 
· Detailed design to enable a targeted resource sharing scheme
· Detailed design for 
· PEI (burst) occasion specification (if beam-forming is applied)
· How UE knows where is PEI to monitor, which may involve some gap or offset w.r.t. a reference physical resource, similar to Rel-16 DCI-format 2_6
· PEI (burst) to PO mapping, including the feasibility and details on 1-1 or 1-N mapping 
· Note: The related specification impact should be identified and justified
· Procedure for UE monitoring PEI and PO

· Observations for comparing UE power saving gains for PEI candidate designs

· Detail design for indicating UE sub-groups in a PO 
· Physical layer channel/signal: PEI-only, PEI + paging PDCCH/DCI, or paging PDCCH/DCI-only
· Specific design on how to map PEI bit/sequence/code-point to UE subgroup(s) in a PO
· The corresponding resource overhead and UE power saving gain

· 

· 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
	






Reference
[1] [bookmark: _Ref47770235][bookmark: _Ref54385885][bookmark: _Ref68687908]“Draft Report of 3GPP TSG RAN WG1 #104-e v0.3.0”, MCC Support, RAN1 #104-e, online available @ https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_104-e/Report
[2] [bookmark: _Ref47770244][bookmark: _Ref54385972]R1-2101948, “Summary for Paging Enhancements”, Moderator (MediaTek), RAN1 #104-e 
[3] [bookmark: _Ref68691276]R1-2009801, “LS on Paging Enhancement”, RAN1 to RAN2, RAN1 #103-e  
[4] [bookmark: _Ref70109616]R1-2102316,	“Paging enhancements for UE power saving in IDLE/inactive mode”, Huawei, HiSilicon
[5] R1-2102405,	“Further discussion on Paging enhancements for power saving”, OPPO
[6] R1-2102407,	“Paging and TRS indication in idle/inactive modes”, OPPO
[7] R1-2102463,	“Discussion on potential paging enhancements”, Spreadtrum Communications
[8] R1-2102532,	“Paging enhancements for idle/inactive mode UE power saving”, vivo
[9] R1-2102534,	“Discussion on paging grouping”, vivo
[10] R1-2102565,	“Discussion on power saving enhancements for paging”, ZTE,Sanechips
[11] R1-2102567,	“Additional simulation results of UE power consumption in RRC idle and inactive state”, ZTE, Sanechips
[12] R1-2102641,	“Paging enhancement for UE power saving”, CATT
[13] R1-2102643,	“Details of PEI configuration”, CATT
[14] R1-2102681,	“On paging enhancements for idle/inactive mode UE power saving”, MediaTek Inc.
[15] R1-2102805,	“On paging enhancement”, Panasonic
[16] R1-2102892,	“Discussion on paging early indication design”, CMCC
[17] R1-2102991,	“Paging enhancement for power saving”, Xiaomi
[18] R1-2103041,	“On Paging Enhancements for UE Power Saving”, Intel Corporation
[19] R1-2103115,	“Paging early indication for idle/inactive-mode UE”, Apple
[20] R1-2103177,	“Paging enhancements for idle/inactive UE power saving”, Qualcomm Incorporated
[21] R1-2103249,	“Discussion on paging enhancements”, Samsung
[22] R1-2103310,	“Discussion on potential paging enhancements”, Sony
[23] R1-2103355,	“Discussion on potential paging enhancements”, LG Electronics
[24] R1-2103405,	“On paging enhancements for UE power saving”, Nokia, Nokia Shanghai Bell
[25] R1-2103424,	“Paging enhancements for UE power saving”, InterDigital, Inc.
[26] R1-2103426,	“Paging indication based on sub-time units”, InterDigital, Inc.
[27] R1-2103586,	“Discussion on paging enhancements”, NTT DOCOMO, INC.
[28] R1-2103614,	“Paging enhancement for UE power saving”, Lenovo, Motorola Mobility
[29] R1-2103642,	“Design of Paging Enhancements”, Ericsson
[30] R1-2103653,	“On  paging early indication”, Nordic Semiconductor ASA
[31] [bookmark: _Ref70109620]R1-2103768,	“Paging enhancement for power saving”, Xiaomi

The additional power saving gain by using sequence-based PEI in Low SINR case

paging rate=10%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	2.8024728449271952E-2	4.2583776288421582E-2	5.0064709960711662E-2	5.3517448578692006E-2	paging rate=20%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	5.1149475524475574E-2	7.9444930069930142E-2	9.3592657342657537E-2	0.10121066433566439	paging rate=40%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	8.5878990934174171E-2	0.13745545920378399	0.16591821048482447	0.18088569176192348	



The additional power saving gain by using sequence-based PEI in High SINR case

paging rate=10%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	9.0424403183024804E-3	1.3740053050397938E-2	1.6153846153846074E-2	1.7267904509283727E-2	paging rate=20%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	1.7135416666666625E-2	2.661458333333333E-2	3.1354166666666794E-2	3.3906250000000027E-2	paging rate=40%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	3.0778894472361817E-2	4.926381909547739E-2	5.9464824120603166E-2	6.4829145728643289E-2	
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