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


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


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




After RAN1 #104-bis-e meeting, RAN2 also sent a reply LS on UE subgrouping for paging enhancement 
	1. Overall Description:
RAN2 would like to thank RAN1 for their LS on UE sub-grouping for paging enhancements. RAN2 discussed this topic and agreed to the following:

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

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



Since there will be THREE RAN1 meetings left for specification after this meeting, the following targets are suggested for this meeting:
· Specify each of PEI physical-layer candidate designs, facilitating companies’ understanding and decision
· Specific conclusion for coexistence and resource sharing design 
· Conclude PEI and PO mapping design as determination of PEI monitoring occasions (MOs)
· Specify support of Behv-A and/or Behv-B for each of PEI physical-layer candidates
· Subgroups indication design
· Specify how to carry subgroups indication with each of PEI physical-layer candidates
· Decide maximum number of subgroups per PO
· Whether subgroups indication is supported in RAN if PEI is not configured
· Whether to include additional indications in PEI
· Collection of remaining details for further decisions:
· PDCCH-based PEI: DCI format design alternatives
· TRS-based PEI: Sequence generation alternatives
· SSS-based PEI: New multi-symbol format, sequence generation, avoidance of impact to neighbor cell initial access, etc.
· Discuss and capture power saving gain observations
· Clarify difference in companies’ evaluation assumption
· Capture observations for UE power saving gains
· Decision of PEI physical-layer candidate: PDCCH-based, TRS-based. SSS-based 

We hope proponents of each PEI physical-layer candidate can help to clarify the design for other companies so that every company can best understand each design and select their best candidate for the final PEI physical-layer design.

To assist “dialogues” between companies, we will use NWM for companies to raise questions and provide responses “in parallel”, according to a “tag” naming rule. Please go to https://nwm-trial.etsi.org/#/documents search the following title: RAN1-105-e-NWM-NR-R17-PowSav-01, and provide your valuable feedbacks to FL or any other company’ question(s) or response(s).


Characteristics of PEI Physical-Layer Candidate Designs from 
RAN1 #104-bis-e Observations 
Based on the observations in RAN1 #104-bis-e, specific characterization/specification on the following topics for each of PEI physical-layer candidate designs will be discussed and decided:
· Sub-section 2.1: Coexistence and resource sharing/overhead
· Sub-section 2.2: PEI and PO mapping
· Sub-section 2.3: Support of Behv-A and/or Behv-B

Finally sub-section 2.4 collects companies further comparisons not related to UE subgrouping enhancement. Since UE power saving observation is missing in previous meeting, we can aim for a power saving observation if feasible.

Coexistence and Resource Sharing/Overhead 
In Table 1, companies’ views related to PEI coexistence with legacy UEs and resource sharing/overhead are collected:

[bookmark: _Ref72166249]Table 1: Companies’ views related to PEI coexistence with legacy UEs and resource sharing/overhead
	Company
	Company Views

	ZTE, Sanechips
		TS 38.306
multipleCORESET
Indicates whether the UE supports configuration of up to two PDCCH CORESETs per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. If this is not supported, the UE supports one PDCCH CORESET per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. It is mandatory with capability signaling for FR2 and optional for FR1.


[bookmark: _Toc16988][bookmark: _Toc17632][bookmark: _Toc4965][bookmark: _Toc6902][bookmark: _Toc7735]Observation 9: It is problematic to configure a dedicated CORESET for SSS-like PEI to co-exist with legacy PDSCH by implementation, considering supporting more than 2 CORESET is an optional UE capability for FR1, and the different resource mapping/assignment between SSS-like PEI and CORESET, etc.
[bookmark: _Toc15937][bookmark: _Toc18974][bookmark: _Toc1367][bookmark: _Toc10679][bookmark: _Toc11347]
Observation 10: It is expected that there shall be no available ZP-CSI-RS-ResourceSet to handle the coexistence between TRS/CSI-RS based PEI and legacy PDSCH.
[bookmark: _Toc71707433]
Proposal 2: For SSS-like PEI and TRS-like PEI, semi-static RB- symbol-level rate matching pattern should be used to coexistence with legacy PDSCH.
[bookmark: _Toc18724][bookmark: _Toc30282][bookmark: _Toc22481][bookmark: _Toc6153][bookmark: _Toc5412]
Observation 11: For SSS-like PEI and TRS-like PEI, the UE behavior is not defined in Rel-15 specification for the coexistence with PDCCH/SSB.
[bookmark: _Toc11042][bookmark: _Toc32172][bookmark: _Toc10731][bookmark: _Toc23977][bookmark: _Toc19248]
Observation 12: SSS-like PEI may impact the initial access procedure and neighbor cell measurement of the legacy UEs. 
[bookmark: _Toc6759][bookmark: _Toc30120][bookmark: _Toc12613][bookmark: _Toc17304][bookmark: _Toc26032]
Observation 13: TRS-like PEI is not good for the power consumption of idle/inactive mode UE due to the large bandwidth.
[bookmark: _Toc6808][bookmark: _Toc5910][bookmark: _Toc10582][bookmark: _Toc28656][bookmark: _Toc30026]
Observation 14: 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.
Table 3 Summary of the co-existence of PEI candidate design with legacy UEs
	PEI candidate
	Coexistence with PDSCH
	Coexistence with PDCCH
	Coexistence with SSB

	DCI based PEI
	· Semi-static rate-matching;
· Dynamic rate-matching:
· Based on UE capability #5-27a which is mandatory;
· Scheduled by DCI format 1_1/1_2;
	Transparent to Rel-15 UEs by virtue of mandatory support of blind decoding
	Rel-15 UEs is not required to monitor the PDCCH candidate colliding with SSB

	TRS/CSI-RS like PEI
	· Semi-static rate-matching;
· Dynamic rate-matching: RE-level rate matching.
· Scheduled by DCI format 1_1/1_2;
· Note: Whether the  ZP-CSI-RS- ResourceSet is available for TRS/ CSI-RS like PEI should be considered.
	The UE behavior is not defined in Rel-15/16 specification.
Note: The large bandwidth to transmit TRS/CSI-RS like PEI is not good for the power consumption of idle/inactive mode UE

	SSS-like PEI
	· Semi-static rate-matching;
· Dynamic rate-matching: CORESET level rate matching.
· Scheduled by DCI format 1_1/1_2;
· Note: The dedicated CORESET configuration is required, which is problematic due to the optional UE capability.
	The UE behavior is not defined in Rel-15/16 specification.
Note: If the SSS-like PEI is transmitted in the same frequency band as the SSS in SSB, the PEI may be taken as an SSS by other UEs, which may impact the initial access procedure and neighbor cell measurement of the legacy UEs.


 

	Huawei, HiSilicon
	Observation 1: DCI based PEI can fully support coexistence with the legacy downlink physical layer channels/signals of legacy UE based on Rel-15 specifications.

Observation 2: Semi-statically configured rate matching pattern can be used to multiplex SSS-based PEI and PDSCH(s) of legacy UE.

Observation 3:  Using dedicated CORESET for dynamic rate matching of SSS-based PEI restricts the legacy UE from using UE specific CORESET in connected mode in FR1, and restricts multi-beam operation of downlink traffic for FR2.

Observation 4:  CORESET0 with additional search space set would be used for dynamic rate matching of SSS-based PEI, which may consume the whole CORESET0 resource if the SSS based PEI needs to be rate matched.
 
[image: ]
[bookmark: _Ref70674275]Figure 1 Configuring a shared CORESET for SSS-based PEI would block the AL2~AL8 candidates (The RBs with the same color corresponds to the same PDCCH candidate)

[image: ]
Figure 2. One ZP-CSI-RS resource set contains multiple ZP-CSI-RS resources to cover multiple TRS-based PEI occasions in one slot

Observation 5: At most one aperiodic ZP-CSI-RS resource set can be utilized on legacy UE for rate matching purpose of PEI considering Rel-15 only supports up to 3 aperiodic ZP-CSI-RS resource sets per BWP.

Observation 6: The ZP-CSI-RS resources for the TRS-based PEI occasions associated with different sub-groups or different POs in the same SS burst period have to be configured within the same ZP-CSI-RS resource set.

[image: ]
[bookmark: _Ref65327235][bookmark: _Ref61617655]Figure 4. SSS-based PEI might impact the legacy cell search procedure

Observation 17: The SSS-based PEI has impact on the legacy cell search procedure.
 

	vivo
	Observation 9: Sequence-based PEI can be well co-existed with legacy signals/channels.



	Spreadtrum 
	Observation 4: For Behv-A, DCI-based PEI has comparable resource overhead compared to sequence-based PEI. For Behv-B, DCI-based PEI has lower resource overhead than sequence-based PEI.
 
For collision handling between PEI and PDCCH of legacy UE, gNB should hold the PDCCH transmission to avoid the collision, and the legacy UE needs to detect the legacy PDCCH “absent” under risk of increase of false alarm rate. In the discussion of collision handing between SSS-based PEI and PDCCH of legacy UE in RAN1#104bis-e, it was argued that SSS-based PEI can be mapped to CORESET#0 like a PDCCH candidate. However, CCE-to-REG bundle mapping in CORESET#0 is in interleaving manner, so SSS-based PEI is scattered in different PDCCH candidates, and then the risk of false alarm rate is higher. 

For resource sharing between PEI and PDSCH of legacy UE, gNB should inform the legacy UE to perform PDSCH rate matching around PEI and gNB should schedule the PDSCH with DCI format 1_1. It is still restrictive.

Observation 5: Semi-static resource sharing between PEI and legacy signals/channels is better, and Behv-B is suitable.

Observation 7: For Behv-B and DCI-based PE, PEI can be semi-statically configured to avoid collision with SS burst.

Observation 8: Behv-B is more robust for resource sharing or collision handling between PEI and other signals/channels.



	CATT
	Observation 4: DCI-based PEI or sequence-based PEI can coexist with dynamic resource sharing with PDSCH used by legacy UE if it is scheduled by DCI format 1_1 or Rel-17 UEs.

Observation 5: PDCCH-based PEI with dynamic resource sharing of CORESET used by legacy UE increases the PDCCH blocking probability for legacy PDCCH.

Observation 6: Resource sharing of TRS used by legacy UE and TRS-based PEI allows TRS-based PEI without additional resources.

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

[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK32]Table 3: Resource overhead evaluation for PEI without assuming the support of multiple POs and sub-grouping 
	PEI candidate designs
	Resource overhead(semi-static)
	Resource overhead(dynamic)

	PDCCH-based PEI(12 bits)
	288REs
	28.8 – 288 REs (overheads still count when CCEs reserved for PEI are not used by other UEs or by PDSCH when no paging)

	PDCCH-based PEI(41 bits)
	576REs
	57.6 – 576 REs (overheads still count when CCEs reserved for PEI not are used by other UEs or by PDSCH when no paging)

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



Observation 7: 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.
 

	CMCC
	

	Qualcomm 
	[bookmark: O8]Observation 8: 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 legacy PDCCH or aperiodic CSI-RS, resources of configured PEI occasions can be dynamically not available if the PDCCH or CSI-RS is not transmitted when it collides with a transmitted PEI. Table 6 is the lower bound of amount of unavailable resources
Table 5: 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
	No. of UE sub-groups = 8

	PDCCH
	576
	576
	576
	576

	CSI-RS
	300
	600
	900
	1200

	SSS
	288
	576
	864
	1152


Table 6: 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
	No. of UE sub-groups = 8

	PDCCH
	57.6
	57.6
	57.6
	57.6

	CSI-RS
	30
	30.8
	31.1
	31.2

	SSS
	28.8
	29.6
	29.8
	29.9


 

	OPPO
	Observation 3: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 4: 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.


	Intel 
	Observation 4: 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 6: AL 8+ is necessary for PDCCH-based PEI in most cases.

Observation 9: TRS-based PEI achieves most efficient rate matching when coexisting with PDSCH.

Observation 10: At a given instance, the CORESET where PDCCH based PEI is transmitted may not have other PDCCH candidates transmitted, resulting in much larger overhead than resource occupied by PDCCH based PEI when dynamic CORESET-level rate matching is considered.

Observation 11: TRS can coexist with CORESET and SSB according to Rel-15 design.
 

	Apple
	If we assume total system bandwidth of 100 MHz, the worst case that there are 4 POs in every paging frame (10ms), 10% group paging rate with Behv-A, and PEI using PDCCH AL 8 (576 REs), the PEI overhead for the system is ~0.05%. Note that this is a very extreme case. From the calculation, we can see that the overhead is quite small.

In addition, if we compare PDCCH-based vs sequence-based solution, the overhead difference should be quite minor when similar performance is considered.

Therefore, we do not see the overhead as the main decision factor to choose between the two types of solutions.
 

	Sony
	

	Samsung
	Observation 1: TRS/CSI-RS based PEI has best coexistence performance with legacy signal/channel of Rel-15 UEs due to RE-level rate matching pattern. 

Table 2: Average resource overhead per PO (REs) for different PEI designs for Behav-A
	Alternatives
	Dynamic rate-matching
	Semi-static rate matching

	PDCCH-based
	28.8 -57.6
	288.0 – 576.0

	SSS-based
	25.4 - 34.0
	254.0 - 437.0

	TRS/CSI-RS based
	14.4 – 30.0
	168.0 - 300.0



Table 3: Average resource overhead per PO (REs) for different PEI designs for Behav-B
	Alternatives
	Dynamic rate-matching
	Semi-static rate matching

	PDCCH-based
	518.4 (always transmitted)

	SSS-based
	228.6 
	254.0 - 561.0

	TRS/CSI-RS based
	259.2 
	168.0 - 279.0



Observation 6: The resource overhead for different PEI designs has the following order: 
· PDCCH based > SSS-based > TRS/CSI-RS based

Proposal 6: Support TRS/CSI-RS based PEI for low resource overhead.
 

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

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

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



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

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

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

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16




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

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

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

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

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


	LG
	It seems not possible to support resource overhead dynamic adaptation by the gNB when sequence based PEI is adopted. Note that DMRS for the legacy PDCCH should be guaranteed and should not be interfered by other reference signal. However, if sequence based PEI overlaps with the CORESET for the legacy PDCCH transmission, there is no way to avoid collision between DMRS for the legacy PDCCH and PEI sequence. 

Observation 7: PDCCH based PEI can support coexistence with the legacy PDCCH.


	Panasonic
	Observation 2: To check the average resource overhead in terms of REs for PEI design candidates, the metric should be RE numbers per bit of indication.


	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 neighbouring cells. In asynchronous deployments, only frequency domain and sequence domain would needed to be used ensure the orthogonality. 


	Xiaomi
	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. 


	DOCOMO
	In the last meeting, we discussed how PEI coexist with legacy signals/channels. Regarding SSS-based PEI, we understand that CORESET-level rate matching may be realized for the PDSCH if a dedicated CORESET and Search Space set are configured for a rate matching. However, there may be impact for legacy UE since it causes additional power comsumption to do the blind detection in a dedicated CORESET and Search Space set. a dedicated CORESET used only for the rate matching wastes the configurable number of CORESET. When it comes to coexsistance SSS-based PEI with PDCCH, the current specification defines the UE behavior for coexistence only based on SSB  provided by SIB1 [section 10 in TS38.213] .

Observation 5: There are some restrictions in SSS-based PEI to avoid to impact legacy UE.


	InterDigital
	

	Lenovo
	

	Ericsson
	[bookmark: _Toc71665053][bookmark: _Toc71665054]Observation 5  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/SSS based PEI.
· Puncture other user traffic
· This would have high traffic/KPI impact (both on legacy and new UEs) especially at higher paging rates and/or if multiple sequences are transmitted addressing multiple groups with multiple information elements.
· Rate-match around TRS/SSS using semi-static resource sharing 
· Locking up resources (semi-)statically for the sake of potential PEI transmission is too wasteful. It shall further be noted that such resources cannot be communicated to UEs in idle/inactive mode and would therefore limit the occasions used for broadcast transmissions. 
· Rate-match around TRS/SSS using dynamic resource sharing 
· For SSS, creating a fake Coreset to make UEs rate-match around it is cumbersome. This is also infeasible in some cases where legacy UEs support limited number of Coresets and both Coresets (with much different characteristics than fake Coreset) are used for regular scheduling. 
· For TRS, when it comes to dynamic resource reservation with RE granularity, only up to 2 bits are available for dynamic indication through DCI in each of those (“Rate matching indicator”/” ZP CSI-RS trigger”). We think that these bits are needed to convey information about reserved resources used for typically higher prioritized usage cases (rate-matching around connected mode TRS/CSI-RS transmissions, neighbor cell signals, etc.). It would hence not be wise to spend these bits on PEI.
· Rate match other user traffic around these sequences/signals  (TRS/SSS)
· This would mean that all UEs in connected mode, including pre-Rel-17, would have to be aware of the resources reserved for potential PEI transmission, which creates unnecessary signaling overhead for both NW and legacy UEs. There would still be negative impact on user traffic when multiple sequences are potentially transmitted, and considerable NW configuration effort would be necessary with respect to reserved resources coupled to paging configuration. 
Observation 5  Dynamic resource reservation through “Rate matching indicator” in DCI is an optional UE capability and can therefore not be assumed for legacy UEs.
[bookmark: _Toc71665055]Observation 6  Reserved (semi-)static resources used for sequenced-based PEI 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
	Observation-1: All candidate signals/channel may coexist with PDSCH, but only TRS and PDCCH can be multiplexed with signal/channel of its own kind.

Observation-2: Based on agreed Observation 2 and 3:
· PDCCH can carry the largest payloads and payload size is scalable by means of padding.
· Overhead per bit is the smallest for PDCCH

Furthermore, it has been agreed in idle TRS sub-AI that TRS are explicitly indicated, and blind detection is not intended: 
	Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).




Observation-3: There was no support for TRS as TRS for idle UEs to be blind detected, it is unclear why TRS as PEI should be treated differently. 




In RAN1 #104-bis-e, coexistence with legacy UEs is discussed with high-level observation captured. From companies’ inputs to this meeting, the following facts will impact the feasibility of CORESET based dynamic sharing of PDSCH of legacy UEs:

1. It is optional UE capability in FR1 for Rel-15 UEs to support more than one additional CORESET to CORESET 0, according the following IE of TS 38.306:
	multipleCORESET
Indicates whether the UE supports configuration of up to two PDCCH CORESETs per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. If this is not supported, the UE supports one PDCCH CORESET per BWP in addition to the CORESET with CORESET-ID 0 in the BWP. It is mandatory with capability signaling for FR2 and optional for FR1.


 
2. CORESET 0 applies interleaved resource allocation, and localized SSS-based PEI will extensively occupy CORESET 0

[image: ]

By 1, both PDCCH-based PEI and SSS-based PEI needs to share CORESET 0 since the other CORESET in FR1 can exceed idle-mode UE reception bandwidth (up to 20 MHz). By 2, for SSS-based PEI cannot share existing CORESET 0 and instead requires exclusive occupation of a dedicated CORESET 0 of 576 or 1152 REs.

Since coexistence with legacy UEs is the fundamental design metric for paging enhancement, we suggest to make specific conclusions on the feasible coexistence schemes for each of PEI physical-layer candidate designs. Since coexistence has network impact, we also categorize the available schemes according to whether additional gNB DCI indication to legacy UEs is required or not. 

FL- [Q2.1-1]
Conclusion:
If PDCCH-based PEI is selected for Rel-17 paging enhancement, either of the following two schemes for coexistence with legacy Rel-15/16 UEs can be utilized as per network configuration:
· Without additional gNB DCI indication to legacy UEs: 
· PDCCH-based PEI can share existing CORESET 0 as a Rel-15 PDCCH
· Network can configure Behv-A or Behv-B to Rel-17 idle/inactive mode UEs and prioritize PEI or legacy PDCCH, respectively
· With additional gNB DCI indication to legacy UEs: 
· PDCCH-based PEI can dynamically share an additional CORESET 0 provided by additional search space set(s) associated with CORESET 0 and set to rateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for legacy UEs 
· When PDCCH-based PEI is not transmitted, network can indicate the REs of the additional CORESET 0 are available for PDSCH scheduled by DCI format 1_1
· For PDSCH scheduled by other DCI formats, UE assumes the REs of the additional CORESET 0 are not available for the PDSCH
· DCI payload size carried by PDCCH-based PEI should be different from DCI format 1_0


FL comment: Rel-15 UE is only mandated to support two CORESETs: CORESET-0 + one additional CORESET. As idle-mode UE reception bandwidth is defined by CORESET-0, CORESET-0 will be the only universal choose for PDCCH-based PEI to share resource and coexist with the channels of Rel-15 UEs and to ensure the same idle-mode reception bandwidth. Also focusing on Rel-15 UEs, we don’t need to include DCI format 1_2 (a Rel-16 feature). By the above the following updated conclusion is suggested:


Updated Conclusion:
For the purpose of comparison of PEI physical-layer candidate designs and for PDCCH-based PEI, the following two schemes for coexistence with Rel-15 UEs can be utilized as per network configuration:
· Dynamically sharing PDCCH resource of Rel-15 UEs:
· By sharing existing monitoring occasions associated with CORESET 0 as a Rel-15 PDCCH
· There is no need of additional gNB configuration or DCI indication for resource sharing
· Dynamically sharing PDSCH resource of Rel-15 UEs:
· By sharing additional CORESET-0 monitoring occasions provided by additional search space set(s) and set to rateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for Rel-15 UEs 
· When PDCCH-based PEI is not transmitted, network can indicate the REs of the additional CORESET-0 monitoring occasion are available for PDSCH scheduled by DCI format 1_1
· For PDSCH not scheduled by DCI format 1_1, Rel-15 UE assumes the REs of the additional CORESET-0 monitoring occasion are not available for the PDSCH



FL- [Q2.1-2]
Conclusion:
If SSS-based PEI is selected for Rel-17 paging enhancement, either of the following two schemes for coexistence with legacy Rel-15/16 UEs can be utilized as per network configuration:
· Without additional gNB DCI indication to legacy UEs, 
· SSS-based PEI can semi-statically share PDSCH REs of Rel-15/16 UEs by configuring at least one RB-level RateMatchPattern set to ateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for legacy UEs 
· With additional gNB DCI indication to legacy UEs, 
· SSS-based PEI can dynamically and exclusively occupy an additional CORESET 0 provided by additional search space set(s) associated with CORESET 0 and set to rateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for legacy UEs. 
· When SSS-based PEI is not transmitted, network can indicate the REs of the additional CORESET 0 are available for PDSCH scheduled by DCI format 1_1
· For PDSCH scheduled by other DCI formats, UE assumes the REs of the additional CORESET 0 are not available for the PDSCH.
· FFS: Signal design that can avoid impact to initial access of neighbour cell UEs


FL comment: For dynamic resource sharing, Rel-15 is only mandated to support RB-symbol-level rate-matching for control resource. So SSS-based  PEI needs to be transmitted in a Rel-15 CORESET monitoring occasion that is also covered by a RB-symbol rate-matching pattern. Also Rel-15 UE is only mandated to support two CORESETs: CORESET-0 + one additional CORESET. As idle-mode UE reception bandwidth is defined by CORESET-0, CORESET-0 will be the only universal choose for SSS-based PEI to share resource and coexist with the channels of Rel-15 UEs and to ensure the same idle-mode reception bandwidth. Note, according to Figure 1 of R1-2104251, SSS cannot share existing CORESET-0 monitoring occasions due to different resource allocation type. Also focusing on Rel-15 UEs, we don’t need to include DCI format 1_2 (a Rel-16 feature). By the above the following updated conclusion is suggested:


Updated Conclusion:
For the purpose of comparison of PEI physical-layer candidate designs and for SSS-based PEI, the following two schemes for coexistence with Rel-15 UEs can be utilized as per network configuration:
· Semi-statically sharing PDSCH resource of Rel-15 UEs: 
· By configuring at least one RB-level RateMatchPattern set to rateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for Rel-15 UEs 
· There is no need of additional DCI indication for resource sharing
· Dynamically sharing PDSCH resource of Rel-15 UEs:
· By exclusively sharing additional CORESET-0 monitoring occasions provided by additional search space set(s) and set to rateMatchPatternToAddModList in PDSCH-Config or ServingCellConfigCommon for Rel-15 UEs 
· When SSS-based PEI is not transmitted, network can indicate the REs of the additional CORESET-0 monitoring occasion are available for PDSCH scheduled by DCI format 1_1
· For PDSCH not scheduled by DCI format 1_1, Rel-15 UE assumes the REs of the additional CORESET-0 monitoring occasion are not available for the PDSCH
· FFS: How to avoid impact to initial access and RRM measurements of legacy UEs



FL- [Q2.1-3]
Conclusion:
If TRS/CSI-RS-based PEI is selected for Rel-17 paging enhancement, either of the following two schemes for coexistence with legacy Rel-15/16 UEs can be utilized as per network configuration:
· Without additional gNB DCI indication to Rel-15/16 UEs, 
· TRS/CSI-based PEI can semi-statically share PDSCH REs of legacy UEs by configuring one sp-ZP-CSI-RS-ResourceSetsToAddModList or p-ZP-CSI-RS-ResourceSet in PDSCH-Config for legacy UEs 
· With additional gNB DCI indication to Rel-15/16 UEs, 
· TRS/CSI-based PEI can dynamically share PDSCH resources of legacy UEs by configuring one aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config for legacy UEs
· When TRS/CSI-based PEI is not transmitted, network can indicate the resources corresponding to the aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are available for PDSCH scheduled by DCI format 1_1
· For PDSCH scheduled by other DCI formats, UE assumes the REs of the additional CORESET 0 are always available for the PDSCH


FL comment: TRS/CSI-RS-based PEI cannot share existing CORESET-0 monitoring occasions due to same reason as SSS-based PEI (different resource allocation type). There can be up to 3 RE-level rate matching resource set lists for dynamic RE-level rate-matching (on/off whole REs defined by a list). But it should be noticed that, for the PDSCH of Rel-15 UE is not scheduled by DCI-format 1-1, Rel-15 UE will always use the PEI REs, irrespective of whether TRS/CSI-RS-based PEI is transmitted or not. Also focusing on Rel-15 UEs, we don’t need to include DCI format 1_2 (a Rel-16 feature). By the above the following updated conclusion is suggested:

Updated Conclusion:
For the purpose of comparison of PEI physical-layer candidate designs and for TRS-based PEI, the following two schemes for coexistence with Rel-15 UEs can be utilized as per network configuration:
· Semi-statically sharing PDSCH resource of Rel-15 UEs: 
· By configuring one sp-ZP-CSI-RS-ResourceSet or p-ZP-CSI-RS-ResourceSet in PDSCH-Config for legacy UEs 
· There is no need of additional DCI indication for resource sharing
· Dynamically sharing PDSCH resource of Rel-15 UEs:
· By configuring up to 3 aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config for Rel-15 UEs
· When TRS/CSI-based PEI is not transmitted, network can indicate the resources corresponding to the aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are available for PDSCH scheduled by DCI format 1_1
· For PDSCH not scheduled by DCI format 1_1, Rel-15 UE assumes the resources corresponding to the aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are always available for the PDSCH, irrespective of whether TRS/CSI-RS-based PEI is transmitted or not



After further discussion, companies agree to focus on dynamically sharing PDCCH resources of Rel-15 UEs, and in particular, there can observed less constraint for PDCCH-based PEI to share existing or additional CORESET resource with Rel-15 UEs. This observation can provide better understanding on the achievable resource overhead jointly with Observation 1a and Observation 3a agreed in RAN1 #104-bis-e



Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
0. For PDCCH-based PEI, 
0. PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
0. Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
0. For SSS-based PEI and for the case of partial overlap of CORESET and PEI
1. For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
1. For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
1. Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
0. For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
2. For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
2. For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
1. Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)


PEI and PO Mapping
In Table 2, Companies’ views related to PEI and PO mapping related PEI and PO mapping are collected

[bookmark: _Ref72166711]Table 2: Companies’ views related to PEI and PO mapping
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc1348][bookmark: _Toc14926][bookmark: _Toc3213][bookmark: _Toc7503][bookmark: _Toc26316][bookmark: _Toc32259][bookmark: _Toc13846][bookmark: _Toc1967][bookmark: _Toc68277920][bookmark: _Toc68621483][bookmark: _Toc5322][bookmark: _Toc27125][bookmark: _Toc3766]Observation 19: For DCI-based PEI, one PEI associated with multiple POs will not degrade the UE power saving gain.
[bookmark: _Toc17840][bookmark: _Toc12845][bookmark: _Toc1135][bookmark: _Toc60][bookmark: _Toc13447][bookmark: _Toc13723][bookmark: _Toc68621484][bookmark: _Toc15265][bookmark: _Toc18211][bookmark: _Toc68277921][bookmark: _Toc625][bookmark: _Toc12796][bookmark: _Toc3685]
Observation 21: For sequence based PEI associated with multiple POs, 
· [bookmark: _Toc32049][bookmark: _Toc9629]if PEI is generated by different sequences, the performance of sequence-based PEI will be deteriorated with the increased blind detection；
· [bookmark: _Toc7414][bookmark: _Toc6421]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. 
· [bookmark: _Toc21500][bookmark: _Toc585]if TDM or FDM technique is used for sequence-based PEI, the resource overhead will be multiplied.

Table 4 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

	
	DCI/sequence-based PEI
	DCI-based PEI
	Sequence-based PEI (w/ group common PEI)

	RG = 10%
	22.5%
	22.5%
	21.6%

	RG = 40%
	14.4%
	14.4%
	9.1%

	RG = 60%
	9.3%
	9.3%
	2.9%




[image: ]
Figure 8 MDR performance when multiple PEI sequences occupy the same resource


	Huawei, HiSilicon
	Observation 7: It is common issue for all three PEI candidates to associate PEI transmission(s) near a SS burst to the different POs during a SS burst period after the PEI transmission.

In our opinion, the paging delay would not be a problem for multiple PO association. Take the case in Figure 3 , for example, it is assumed that each PO is consist of eight monitoring occasions and each slot contains two monitoring occasions. The time offset between the first monitoring occasion of the first PO and the first monitoring occasion of the last PO associated with the same PEI is  for 30kHz SCS. Assuming that one PEI is transmitted at the time of T, if the paging message for UEs monitoring the last PO arrives in the time period , the paging message will be delayed to the next DRX cycle. Compared to the typical idle DRX cycle length, which is 1280ms, it means that only  paging message arrives in that time period, the delay is negligible. 


[image: ]
[bookmark: _Ref70442940][bookmark: _Ref70442930]Figure 3 One PEI associating with 12 POs

Observation 8: One PEI associating with multiple POs can save the resource overhead for PEI and does not introduce additional paging delay or power saving consumption.
 

	vivo
	

	Spreadtrum 
	

	CATT
	Observation 12: When one PEI indicates multiple POs, no matter behavior-A or behavior-B, the TRS-based PEI could maintain the same performance but the DCI-based PEI detection performance is degraded.

Proposal 7: 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.
· The benefit of multiple POs associated with one PEI.
Proposal 8：One-to-one mapping between PEI and PO is taken as baseline. 
 
Table 8: Paging rate for different PO numbers from network perspective
	Case
	The number of POs paged
	Calculate formula
	Paging rate

	Case 1
	0
	 (1-0.1)^4
	65.61%

	Case 2
	1
	C41*0.1*(1-0.1)^3
	29.16%

	Case 3
	2
	C42*0.1^2*(1-0.1)^2
	4.86%

	Case 4
	3
	C43*0.1^3*(1-0.1)
	0.36%

	Case 5
	4
	C44*0.1^4
	0.01%



Observation 13: For supporting sequence-based PEI associated with multiple POs and sub-grouping, if no more than one sequence is transmitted in a resource at a given time, the false alarm probability is acceptable.
 

	CMCC
	
[image: ][image: ]
(A)                       (B)
Figure 1. Illustration of association with PEI and POs

In a summary, the association between PEI and PO can be summarised as the following:
1) One PEI associate with multiple sub-groups of one PO 
2) One PEI associate with one/multiple POs of one/multiple PFs
For case 1), one PEI can provide the wake-up information of each sub-groups in one PO, which is much suitable for the low system PO density scenario. For case 2), one PEI can provide the wake-up information of one/multiple POs of one/multiple PFs, which is much suitable for high system PO density scenario.

Proposal 6. Support one-to-one and one-to-many mapping between PEI and PO.
 

	Qualcomm 
	[bookmark: P5]Proposal 5: PEI design should be transparent to one PEI per PO and one PEI per N>1 POs design. Potential discussion on one PEI for multiple POs can be postponed after the basic PEI design is complete.

[image: ]
Figure 8: One PEI to multiple POs mapping


	OPPO
	

	Intel 
	Observation 8: 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 makes the UE sub-grouping process significantly more complex.


	Apple
	

	Sony
	

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

[image: ]
(a) PEI allocated right before PO w/ small time offset, O

[image: ]
(b) PEI w/ large time offset, O, and additional SSBs between PEI and associated PO

Figure 1: Illustration of PEI MOs and UE processing timeline in idle/inactive mode

Proposal 2: 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 3: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a QCL information.


	MediaTek 
	Observation 5: From the identified configurations based on evaluation results from more than one company, PDCCH-based PEI achieves the best resource overhead when UE subgrouping is not incorporated. Being able to indicate multiple POs with 1 PEI is the distinguishing factor.
Proposal 5: For PDCCH-based PEI, exploiting DCI payload bits for indicating multiple UE (sub)groups is supported.
· Note: From UE monitoring perspective, there is only one PEI occasion for a targeted PO.



	LG
	

	Panasonic
	

	Nokia
	

	Xiaomi
	

	DOCOMO
	

	InterDigital
	

	Lenovo
	

	Ericsson
	[bookmark: _Toc71665060][bookmark: _Toc54381101][bookmark: _Toc71665059]Observation 10  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.

Observation 11  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: _Toc71665142]
Proposal 7  PEI design supports associating one PEI DCI with multiple POs and/or paging groups.
 

	Nordic
	



From UE point of view, 1-to-1 or 1-to-multiple PEI and PO mapping is a network implementation if UE only needs to decide whether to monitor a PO from one detected PEI. In this regard, the following proposal is suggested to move forward, and PEI-PO mapping design is translated to how to determine PEI monitoring occasion(s) and PEI indication. Note that the concern on the impact to paging preparation timing can also be addressed by setting a proper time gap between PEI MO(s) and PEI.

FL- [Q2.2-1]
Proposal: 
· For a target PO, UE is indicated to monitor the PO from one detected PEI
· FFS: Determination of PEI monitoring occasion(s) (MO(s)), including the range on the time gap between PEI MO(s) and PO,  and how UE interprets the detected PEI 


Statistics from the feedback from in RAN1-105-e-NWM-NR-R17-PowSav-01_1800_May20_UTC.pdf:
Support (12): Nokia, HW, ZTE, Apple, Ericsson, Spreadtrum, CMCC, Sony, LG, OPPO, DoCoMo, vivo
Object (1): Intel

FL comment: There will only be one PEI content/realization from a set of PEI monitoring occasion(s) (one or multiple covering beam-forming case). This is a basic framework for all PEI candidates. Given the significant support, we suggest to move forward with the following updated proposal:


Updated Proposal: 
· For a target PO, UE is indicated to monitor the PO based on one PEI from a set of PEI monitoring occasion(s)
· FFS: Determination of PEI monitoring occasion(s) (MO(s)) and how UE interprets the detected PEI 


Due to prioritization on the proposal/observations for final decision on PEI physical-layer channel/signal, we suggest to further discuss this proposal in next meeting (RAN1 #106-e).

Support of Behv-A and/or Behv-B

In Table 3, companies’ views related to support of Behv-A and/or Behv-B are collected:

[bookmark: _Ref72171256]Table 3: Companies’ views related to support of Behv-A and/or Behv-B
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc12388]Observation 1: The advantages and disadvantages of Behv-A and Behv-B is summarized in Table 1.

Table 1 Summary of the advantages and disadvantages of Behv-A and Behv-B
	
	Advantages
	Disadvantages

	Behv-A
	Resource overhead of PEI is relatively small when paging rate is low.
	If UE misses the PEI with wake-up indication,
· both network and UEs associated with the same PEI or UE group consume more energy;
· Cost more resources to re-transmit the PEI, paging DCI and paging PDSCH;
· lead to the information loss and increase the latency of delivery of paging message;
· resource overhead of PEI is significantly large when paging rate is high.

	Behv-B
	· Resource overhead of PEI is relatively small when paging rate is high.
· In an extreme case, the resource overhead can be reduced to, for example, 0.
· Not impact on the delivery of the paging message in the case of resource collision and PEI miss detection.
	Resource overhead of PEI is high when paging rate is low.



[bookmark: _Toc71707432]Proposal 1: Behv-B should be supported for PEI design.

Table 2 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 with SCL decoding
	AL=4
	Yes
	Yes
	No
	No

	
	AL=8
	Yes
	Yes
	Yes
	Yes

	DCI based PEI with ML decoding
	AL=2
	Yes
	Yes
	No
	No

	
	AL=4
	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






	Huawei, HiSilicon
	From the gNB side view, the Behv-A always asks for PEI transmission once a PO/sub-group is paged, if a large number of UEs (e.g. Redcap UEs) camped in the cell, there is a risk that the downlink traffic will be blocked by PEI transmission in addition to paging transmission. While the Behv-B provides the flexibility for the network to balance the power consumption of UE and the congestion rate of other downlink transmission by transmitting or not transmitting the PEI channel/signal. For dense camped UE case, if larger number of UEs are to be paged, the gNB can choose to not transmit the PEI signal/channel to wake up all the UEs associating with that PEI. Although the power saving gain might be a loss, the downlink traffic is guaranteed.  Therefore it would better to support both Behv-A and Behv-B, and the gNB can configure which UE behavior is used for current network.

Proposal 1: Both Behv-A and Behv-B are supported by Rel-17, which can be configurable by the network.

Observation 19: TRS based PEI cannot be used for time/frequency tracking for Behv-B.


	vivo
	Table 3: Comparison of Behavior A and Behavior B
	PEI design
	Resource overhead [4]
	Power saving gain
(* compared to baseline paging scheme and based on the same resource overhead of Behavior A)

	
	1 to 1 [1]
	4 to 1 [2]
	Cases
	Gap[3] =3ms
	Gap =0

	Behavior A
	Network needs to transmit PEI in only 10% cases
	Network needs to transmit PEI in only 34.4% cases
	Low SINR
	24.43%
	27.80%

	
	
	
	Medium SINR
	13.93%
	17.84%

	
	
	
	High SINR
	1.89%
	8.06%

	Behavior B
	Network needs to transmit PEI in 90% cases
	Network needs to transmit PEI in 99% cases
	Low SINR
	1 to 1
	-6.97%
	-3.60%

	
	
	
	
	4 to 1
	2.61%
	5.98%

	
	
	
	Medium SINR
	1 to 1
	-9.72%
	-5.81%

	
	
	
	
	4 to 1
	-2.51%
	1.40%

	
	
	
	High SINR
	1 to 1
	-12.02%
	-5.84%

	
	
	
	
	4 to 1
	-7.78%
	-1.60%

	Notes: 
[1] Each PO associated with one PEI.
[2] Four POs associated with one PEI.
[3] The gap between PEI and the nearest SSB.
[4] Dynamic rate-matching in PDCCH or PDSCH to co-exist with legacy signals/channels is assumed.



Observation 6: Behavior B will consume 64.6%~80% more PEI resources than Behavior A when assuming the same power saving gain achieved by Behavior A/B.

Observation 7: Behavior B will result in more power consumption than Behavior A, and it is even worse compared with baseline paging scheme, when assuming its resource overhead is the same as that of Behavior A.

Table 4:  The critical probability of sending PEI with no paging indication (i.e. the value of X) for Behavior B to achieve the same total power consumption with baseline paging scheme
	[bookmark: OLE_LINK10]Different cases
	Average power consumption per slot
	The value of X, i.e. the probability of sending PEI to indicate go to sleep by network

	
	Baseline i.e., no PEI is configured
go to sleep (90%) | wake up (10%)
	PEI scheme
PEI with go to sleep indication (X) | PEI with wake-up indication or without sending PEI (1-X)
	Paging rate = 10%
	Paging rate = 20%
	Paging rate = 40%

	Gap between PEI and the nearest SSB is 3ms
	Low SINR
	3.035
	3.254
	2.19
	3.39
	28%
	26%
	22%

	
	Medium SINR
	2.613
	2.832
	2.19
	2.969
	43%
	40%
	35%

	
	High SINR
	1.663
	1.718
	1.608
	1.898
	79%
	77%
	74%

	Gap between PEI and the nearest SSB is 0
	Low SINR
	3.035
	3.254
	2.087
	3.287
	19%
	18%
	14%

	
	Medium SINR
	2.613
	2.832
	2.087
	2.866
	30%
	27%
	21%

	
	High SINR
	1.663
	1.718
	1.505
	1.795
	44%
	42%
	38%



Observation 8: For Behavior B, the network shall guarantee the probability of sending PEI with go to sleep indication is larger than 79%, otherwise there is no power saving benefit to configure PEI for idle/inactive UE.
Proposal 5: Behavior A should be adopted for UE behavior of PEI detection.
 

	Spreadtrum 
	Observation 8: Behv-B is more robust for resource sharing or collision handling between PEI and other signals/channels.
Proposal 1: Behv-B is prioritized.


	CATT
	Observation 1: For behavior-B, UE expects to receive PEI at every PO to determine whether to wake up or go back to sleep. If PEI is not detected by UE, UE falls back to proceed with the legacy paging procedure.

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


	CMCC
	Proposal 3. Behv-A is preferred which UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO.



	Qualcomm 
	[bookmark: P2]Proposal 2: Regarding the following Behv-A and Behv-B in RAN1 #104-e agreements, it should be clarified that the UE is allowed to choose a subset of PEI occasions to detect the PEI based on the wording in red color 
· 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) chosen by the UE for PEI detection 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) chosen by the UE for PEI detection for the PO
· Note: It is up to UE implementation which PEI occasion(s) is chosen by the UE for PEI detection. 
[image: ]
Figure 1: PEI collision with legacy channel

[bookmark: O2]Observation 2: 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, if network has to often drop PEI transmissions due to the lack of resources, 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.

[bookmark: P3]Proposal 3: Only support Behv-A for Rel-17 PEI design from the two UE behaviors identified in RAN1# 104-e.


	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



The transmission of PEI is mainly for UE power saving purpose, which is at the cost of network resource overhead and energy efficiency. With considering resource overhead and the flexibility of network, it will be reasonable to allow PEI discontinuous transmission (DTX) for the case when there is no UE will be paged in a PO. Thus, Behv-A is essential and more suitable.

Proposal 6: Behv-A should be considered in PEI designs.
 

	Intel 
	Observation 3: 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 2: 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
	As the calculation showed above, the overhead is rather small, so it should not have much impact to require the gNB to always transmit positive PEI.

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


	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.

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.


	Samsung
	Observation 13: Behav-B requires much large (9x larger w/ group paging rate =10%) resource overhead than Behav-A.

Proposal 10: Support only Behav-A for PEI reception for the benefit of low resource overhead.


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


	LG
	

	Panasonic
	Observation 1: 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.

Proposal 1: Behv-A should be supported.

Proposal 2: 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 3: 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.



	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.
 

	Xiaomi
	

	DOCOMO
	Thus, it is beneficial that NW can choose the default behavior between Behv-A and B, and Behv-A/B should be configurable, e.g., via SIB and/or Paging DCI.

Proposal 2: Behavior A or Behavior B should be configurable.


	InterDigital
	

	Lenovo
	

	Ericsson
	Observation 10  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: _Toc71665143]Proposal 8  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.
 

	Nordic
	























For the companies’ inputs, we can observe the following statistics. Comparing support of “Behv-A only” and “Behv-A and Behv-B”, the supporting levels are similar (9 companies vs. 7 companies). 

	
	Support PDCCH-based PEI
	Support Seq-based PEI

	Support Behv-A only (3 + 6)
	CMCC, OPPO, Apple
	Vivo, CATT, QC, Intel, Sony, SS, 

	Support Behv-A and Behv-B (7)
	ZTE, HW, Spreadtrum, MTK, Nokia, DoCoMo, Ericsson
	



To make progress, we suggest the following compromised version, i.e., Behv-A is supported and, conditioned on that PDCCH-based PEI is selected for Rel-17 paging enhancement, Behv-B can be configured by network. We hope this can gain maximum supports from both sides:

FL- [Q2.3-1]
Proposal: 
a) A PEI monitoring occasion (MO) is defined as the REs in a slot where UE monitors one PEI for a target PO.
b) UE is not required to monitor the target PO if UE does not detect any PEI from all associated PEI MO(s) for the target PO.
c) If PDCCH-based PEI is selected for Rel-17 paging enhancement, network can configure that UE is required to monitor the target PO if UE does not detect any PEI from all associated PEI MO(s) for the target PO.


FL comment: Item a) is Behv-A which has been discussed from several meetings. We formally supported it for majority support. Item b) is Behv-B which also has strong support from proponents of PDCCH-based PEI, and FFS looks a reasonable way forward regarding the support under PDCCH-based PEI. Therefore, the following proposal is suggested:


Updated Proposal: 
a) UE is not required to monitor the target PO if UE does not detect any PEI from all associated PEI MO(s) for the target PO.
b) At least for PDCCH-based PEI, FFS network can configure that UE is required to monitor the target PO if UE does not detect any PEI from all associated PEI MO(s) for the target PO.


Since the proposal is related to Behv-A/B, and thus the discussion shifted to support of Behv-A/B with FFS on the details of monitoring occasion(s).  



Further PEI Characteristics/Comparisons without UE Sub-Grouping

In Table 4, companies’ inputs on further PEI characteristics/comparisons without UE sub-grouping are collected:

[bookmark: _Ref72175713]Table 4: Companies’ inputs on further PEI characteristics/comparisons without UE sub-grouping
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc25885][bookmark: _Toc11359][bookmark: _Toc68621469][bookmark: _Toc175][bookmark: _Toc3643][bookmark: _Toc21475][bookmark: _Toc6467][bookmark: _Toc2505][bookmark: _Toc12231][bookmark: _Toc68277905][bookmark: _Toc6286][bookmark: _Toc31625][bookmark: _Toc5169]Observation 2: For Behv-A, a two-symbol TRS-like PEI or SSS-like PEI with FAR=1% fulfills the performance required by the paging PDSCH without scaling. 
[bookmark: _Toc23911][bookmark: _Toc13179][bookmark: _Toc2871]Observation 3: For Behv-B, a two-symbol TRS-like PEI or SSS-like PEI with FAR=0.1% fulfills the performance required by the paging PDSCH without scaling.
[bookmark: _Toc2395][bookmark: _Toc11861][bookmark: _Toc24697][bookmark: _Toc5202][bookmark: _Toc68277906][bookmark: _Toc26672][bookmark: _Toc6076][bookmark: _Toc913][bookmark: _Toc12232][bookmark: _Toc68621470][bookmark: _Toc5493][bookmark: _Toc10786][bookmark: _Toc5097]Observation 4: For both Behv-A and Behv-B, sequence-based PEI (both TRS-like PEI and SSS-like PEI) with more than two symbols are needed to fulfill the JMDR performance requirement when the paging PDSCH is configured with TB scaling 0.5. 
[image: ][image: ]
(a) Behv-A                                          (b) Behv-B
Figure 1 JMDR performance of DCI-based PEI (SCL decoding) and paging PDCCH 
[bookmark: _Toc23360][bookmark: _Toc23749][bookmark: _Toc27698][bookmark: _Toc26610][bookmark: _Toc28186]Observation 5: For Behv-A/B and SCL decoding, 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.
 
[image: ][image: ]
(a) Behv-A                                          (b) Behv-B
Figure 2 JMDR performance of DCI based-PEI (ML decoding) and paging PDCCH 
[bookmark: _Toc4556][bookmark: _Toc2436][bookmark: _Toc2579][bookmark: _Toc1244][bookmark: _Toc11097]Observation 7: With ML decoding, DCI-based PEI with AL 2 fulfills the performance requirement of paging PDSCH with TB scaling 1 and DCI-based PEI with AL 4 fulfills the performance requirement of paging PDSCH with TB scaling 0.5 in the case of Behv-A and Behv-B.

[image: ]
Figure 3 Performance of DCI-based PEI (no more than 12 information bits) and two-symbol TRS-like PEI
[bookmark: _Toc18164][bookmark: _Toc11932][bookmark: _Toc22067][bookmark: _Toc11682][bookmark: _Toc12334]Observation 8: When the information bits of the DCI based PEI are reduced, the MDR performance of DCI based PEI is further improved. The MDR performance of DCI-based PEI with AL 2 carrying no more than 6 information bits is better than that of the two-symbol TRS-like PEI.

Table 2 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 with SCL decoding
	AL=4
	Yes
	Yes
	No
	No

	
	AL=8
	Yes
	Yes
	Yes
	Yes

	DCI based PEI with ML decoding
	AL=2
	Yes
	Yes
	No
	No

	
	AL=4
	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



To sum up, DCI-based PEI can fulfill performance requirements by flexibly adjusting the aggregation levels, while sequence-based PEI requires more standardization efforts to improve the performance.
 
[image: ]
Figure 4 UE processing timeline

[bookmark: _Toc28986][bookmark: _Toc17276][bookmark: _Toc13941][bookmark: _Toc5977][bookmark: _Toc6351][bookmark: _Toc2529][bookmark: _Toc22497][bookmark: _Toc53][bookmark: _Toc68277914][bookmark: _Toc2362][bookmark: _Toc4920][bookmark: _Toc24620][bookmark: _Toc29921][bookmark: _Toc2496][bookmark: _Toc68621477]Observation 15: Based on the simulation results in Figure 5, it can be seen that 
a) [bookmark: _Toc909][bookmark: _Toc1632][bookmark: _Toc31160][bookmark: _Toc10705][bookmark: _Toc68277915][bookmark: _Toc23263][bookmark: _Toc19084][bookmark: _Toc13923][bookmark: _Toc19957][bookmark: _Toc23441][bookmark: _Toc30860][bookmark: _Toc68621478][bookmark: _Toc15941]the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
b) [bookmark: _Toc30305][bookmark: _Toc141][bookmark: _Toc882][bookmark: _Toc68621479][bookmark: _Toc4389][bookmark: _Toc22893][bookmark: _Toc16713][bookmark: _Toc22598][bookmark: _Toc30200][bookmark: _Toc32254][bookmark: _Toc19141][bookmark: _Toc68277916][bookmark: _Toc16218]the PEI located near the first SSB provides the maximum power saving gain;
c) [bookmark: _Toc11247][bookmark: _Toc5935][bookmark: _Toc68621480][bookmark: _Toc22257][bookmark: _Toc27529][bookmark: _Toc68277917][bookmark: _Toc14019][bookmark: _Toc25355][bookmark: _Toc3519][bookmark: _Toc5819][bookmark: _Toc22790][bookmark: _Toc7483][bookmark: _Toc21402]for PEI without sub-grouping, the power saving gain brought by PEI only will obviously decrease when group paging rate increases.

[image: 7]
Figure 5 Power saving gain provided by PEI 

Observation 23: The power saving gain of DCI-based PEI and sequence-based PEI is almost the same even the capacity limitation of sequence-based PEI is not considered and sequence-based PEI with synchronization function is assumed.
[image: 9a][image: 9b][image: 9c]
Figure 9 Power saving gain from DCI-based PEI and sequence-based PEI
[bookmark: _Toc29275][bookmark: _Toc28725][bookmark: _Toc18465][bookmark: _Toc15544][bookmark: _Toc28035][bookmark: _Toc29341][bookmark: _Toc68277919][bookmark: _Toc29271][bookmark: _Toc25251][bookmark: _Toc6519][bookmark: _Toc68621482][bookmark: _Toc8638][bookmark: _Toc1181][bookmark: _Toc6749][bookmark: _Toc31054][bookmark: _Toc1070]
Observation 24: Whether the sequence-based PEI can provide the synchronization function and replace SSB or not is questionable considering the following factors.
· [bookmark: _Toc12007]If gNB does not send the sequence-based PEI but FAR occurs, UE would take noise as PEI for synchronization;
· [bookmark: _Toc17446]The modules for PEI processing and paging DCI/PDSCH can be different in the implementation. The corrected synchronization accuracy may not be sufficient for paging DCI and PDSCH decoding.
[bookmark: _Toc7640]
Observation 25: If the on-demand (instead of always-on) sequence-based PEI is used for synchronization without justification, it will impact the correction of synchronization and paging performance, and increase more UE energy.

[bookmark: _Toc24085][bookmark: _Toc3566][bookmark: _Toc2593][bookmark: _Toc12356][bookmark: _Toc23534][bookmark: _Toc11085][bookmark: _Toc30636][bookmark: _Toc7457][bookmark: _Toc350][bookmark: _Toc68277922][bookmark: _Toc15370][bookmark: _Toc68621485][bookmark: _Toc17810][bookmark: _Toc10204]Observation 27: DCI based-PEI occupies less resources for both Behv-A and Behv-B.

Table 11 Power saving gain and resource overhead of PEI without sub-grouping 
	PEI without sub-grouping
	Resource overhead per PO - Behv-A
	Resource overhead per PO - Behv-B
	Power saving gain

	
	Paging rate
	Paging rate
	Paging rate

	
	10%
	40%
	60%
	10%
	40%
	60%
	10%
	40%
	60%

	DCI-based PEI (associated with 12 POs, AL=4)
Dynamic resource sharing
	17.2
	24
	24
	24
	24
	24
	22.5%
	14.4%
	9.3%

	DCI-based PEI (associated with 4 POs, AL=4)
Dynamic resource sharing
	24.8
	62.7
	70.2
	72
	70.2
	62.7
	
	
	

	TRS-like PEI (associated with 1 PO)
Dynamic or semi-static resource sharing
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	
	
	

	SSS-like PEI (associated with 1 PO)
Dynamic or semi-static resource sharing
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	
	
	


 


	Huawei, HiSilicon
	Observation 18: The false alarmed TRS-based PEI would introduce more time and frequency drift before the next paging cycle if TRS-based PEI is used for time and frequency tracking.
 

	vivo
	

	Spreadtrum 
	
Observation 1: Without UE subgrouping, the power saving gain of DCI-based PEI and sequence-based PEI are similar.

Observation 2: With UE subgrouping, the power saving gain of DCI-based PEI and sequence-based PEI are similar.

Observation 3: 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.

For DCI-based PEI, the coherent receiver is realized in frequency domain. The coherent receiver will perform channel estimation, equalization, QPSK demodulation and decoding. The receiver is robust for the residual frequency error (possibly plus the residual timing error) with protection of equalization, QPSK demodulation and decoding.
For SSS-based PEI, the non-coherent receiver is usually realized in time domain. The non-coherent receiver can try multiple hypotheses for the residual frequency error (possibly plus the residual timing error) to improve performance. In our view, the overall complexity of the non-coherent receiver for SSS-based PEI is similar to that of the coherent receiver for DCI-based PEI.
For TRS/CSI-RS based PEI, the non-coherent receiver may be realized in frequency domain. The residual frequency error (possibly plus the residual timing error) is hard to be overcome in frequency domain if equalization is not applied. Hence, the non-coherent receiver for TRS/CSI-RS based PEI has higher complexity.

Observation 9: The non-coherent receiver for TRS/CSI-RS based PEI has higher complexity.
 

	CATT
	

Figure 2: Illustration of paging reception with TRS/CSI-RS assisted PDCCH-based paging indication



Figure 3: Illustration of paging reception with sequence-based PEI and channel tracking


Table 4: Comparison of PEI candidate designs without assuming the support of multiple POs and sub-grouping
	PEI candidate designs
	Detection performance(the SNR at JMDR=1% without paging performance influence)
	Power saving gain
	Coexistence
	Resource overhead

	DCI-based PEI(12 bits)
	-7.5dB(AL=4 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH 
	288 REs(semi-static)
28.8 - 288 REs(dynamic)

	DCI-based PEI(41 bits)
	-7.9dB(AL=8 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH
	576 REs(semi-static)
57.6 - 576 REs(dynamic)

	TRS-based PEI
	-8.3dB(Alt 1)
	23.11%~51.59%
	PDSCH, TRS/CSI-RS
	0 or 288 REs(semi-static)
0 or 28.8 REs (dynamic)



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


	CMCC
	

	Qualcomm 
	[bookmark: O3]Observation 3: PEI can provide essential power saving gain for idle and inactive mode UEs
· Optimal location of PEI transmission can be different for different SINR conditions
· Optimal location of PEI transmission can be different for PDCCH-based and RS/sequence-based PEI due to potential different requirement of time and frequency synchronization and AGC accuracy. PDCCH-based PEI may have lower power saving gain than RS/sequence-based PEI
· When UE sub-grouping is adopted, it provides about 2% additional power saving gain.
· Table 3: Power and power saving gain vs. number of UE subgroups at different locations
	SINR condition
	Low
	Medium
	High with 4ms PO
	High with 1ms PO

	Baseline power
	3.238
	2.816
	1.875
	1.743

	Early paging indication without UE sub-grouping power (gain)
	Location 1: 2.66 (17.8%)
Location 2: 2.728 (15.7%)
Location 3: 3.053 (5.7%)
Location 4: 3.095 (4.4%)
Location 5: 3.095 (4.4%)
Location 6: 3.095 (4.4%)
	Location 1: 2.655 (5.7%)
Location 2: 2.651 (5.8%)
Location 3: 2.639 (6.3%)
Location 4: 2.673 (5%)
Location 5: 2.673 (5%)
Location 6: 2.673 (5%)
	Location 1: 1.93 (-2.9%)
Location 2: 1.93 (-2.9%)
Location 3: 1.954 (-4.2%)
Location 4: 1.917 (-2.2%)
Location 5: 1.579 (15.7%)
Location 6: 1.578 (15.8%)
	Location 1: 1.90 (-9.1%)
Location 2: 1.90 (-9.1%)
Location 3: 1.93 (-10.5%)
Location 4: 1.89 (-8.3%)
Location 5: 1.55 (11.04%)
Location 6: 1.55 (11.09%)

	Early paging indication with UE sub-grouping with 8 sub-groups (gain)
	Location 1: 2.583 (20.2%)
Location 2: 2.658 (17.9%)
Location 3: 3.015 (6.9%)
Location 4: 3.061 (5.5%)
Location 5: 3.061 (5.5%)
Location 6: 3.061 (5.5%)
	Location 1: 2.582 (8.3%)
Location 2: 2.582 (8.3%)
Location 3: 2.601 (7.7%)
Location 4: 2.639 (6.3%)
Location 5: 2.639 (6.3%)
Location 6: 2.639 (6.3%)
	Location 1: 1.881 (-0.3%)
Location 2: 1.881 (-0.3%)
Location 3: 1.904 (-1.6%)
Location 4: 1.867 (0.4%)
Location 5: 1.529 (18.4%)
Location 6: 1.529 (18.4%)
	Location 1: 1.877 (-7.7%)
Location 2: 1.877 (-7.7%)
Location 3: 1.901 (-9.0%)
Location 4: 1.864 (-6.9%)
Location 5: 1.526 (12.5%)
Location 6: 1.526 (12.5%)





	OPPO
	

	Intel 
	

	Apple
	For low SINR case, the baseline PEI case (i.e., PEI is not used for time/frequency tracking, and the UE still needs to monitor 3 SSBs for PO reception) provides 26.3% UE power saving gain. If we assume PEI can replace one SSB for time/frequency tracking (i.e., the UE only needs to monitor two SSBs plus PEI for PO reception), the UE power saving gain is 27.9%. The difference is only 1.6%, which is small. Also note that the sequence detection is not 100% reliable, and false alarm event may cause the tracking loop at the UE to be adjusted based on wrong signal, which may take some time to recover.

Putting these two aspects together, 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.
 

	Sony
	
· In a DCI-based design, the UE needs to be fully synchronized to the network to be able to decode the DCI-based PEI. This means that the UE needs to decode SSB prior to its PEI decoding/detection. Even if the DCI-based PEI is placed as close as possible to an SSB signal, the UE still needs to receive and decode both SSB and DCI-based PEI before it decides whether or not there is paging. This means a DCI-based PEI design does not fulfil the condition of proposal 1 as it needs to receive synchronization in advance for its detection, leading to extra unnecessary power consumption. 
· A TRS/CSI-RS based design requires a longer time and wider bandwidth than the other two designs to accommodate the signal content/information. This means longer time and higher received power consumption and consequently relatively higher power consumption for its detection, compared to the other candidates. 
· By using a sequence-based PEI design, having similar characteristics as SSS, the UE does not need to do any synchronization prior to its PEI detection. The UE proceeds to read SSB and PO only if the SSS-based PEI is detected. This basically means that the SSS-based PEI scheme fulfils the condition in proposal one, resulting in higher power saving gain compared to a DCI-based solution. 

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. 

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.


	Samsung
	[image: ]
(a) PEI allocated right before PO w/ small time offset, O

[image: ]
(b) PEI w/ large time offset, O, and additional SSBs between PEI and associated PO

Figure 1: Illustration of PEI MOs and UE processing timeline in idle/inactive mode

First of all, we evaluate average power consumption for the following four cases.
· 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 1(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 1(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 1(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.

The processing timeline is illustrated in Figure 1 in Section 2.2.1. For PDCCH-based PEI, we assume the duration of PEI MOs are same as PO, which is 4ms. For RS-based solution, the duration of PEI is assumed to be same as SSBs, which is 2ms. In practice, UE may monitor only partial configured MOs for paging PDCCH and PEI. So, we evaluate the power saving gain for two scenarios. One scenario is that UE monitors all configured MOs, while the other scenario UE only monitor one MO out from the multiple configured MOs for both paging PDCCH and PEI. The power saving gain for different L1 signal/channel design of PEI are computed relative to the baseline in Table 1. We consider different channel conditions, where a number of  =1, 2, and 3 SSB bursts are used for synchronization corresponds to high, medium, and low SINR, respectively.  

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


	
	
	UE monitors all configured MOs for paging PDCCH/PEI
	UE monitors one MO for paging PDCCH/PEI

	High SINR
(N_SSBs = 1)
	Case #1
	8.95%
	7.94%

	
	Case #2
	8.95%
	7.94%

	
	Case #3
	15.40%
	10.91%

	Medium SINR
(N_SSBs = 2)
	Case #1
	2.16%
	1.29%

	
	Case #2
	15.64%
	15.52%

	
	Case #3
	20.49%
	18.71%

	Low SINR
(N_SSBs = 3)
	Case #1
	1.88%
	1.11%

	
	Case #2
	25.33%
	25.54%

	
	Case #3
	30.84%
	29.64%



Observation 4: PDCCH based PEI achieves 1.11% to 25.54% 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 5: RS-based PEI achieves 10.91% to 30.84% power saving gain, and achieves about 3% to 5% more power saving gain than PDCCH-based PEI regardless of PEI monitoring occasions and SINR.

Proposal 4: Support RS-based PEI for better power saving performance. 
 

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

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

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

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

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

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

	
	
	
	#SSB before PO
	Gain (%)

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

Up to 8 POs
	
20.5

41.0
	1
	14.8%

	
	
	
	2
	19.5%

	
	
	
	3
	25.3%

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


1 PO
	

300

(30)
	
1
	
14.8%

	
	
	
	
2
	
20.7%

	
	
	
	
3
	
26.6%

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



1 PO
	


264

(57.6)
	
1
	
14.8%

	
	
	
	
2
	
20.7%

	
	
	
	
3
	
26.6%

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


 

	LG
	

	Panasonic
	

	Nokia
	[image: ]
[bookmark: _Ref67042299]Figure 1 Processing timeline for DCI-based EPI in low SINR. UE is paged.
[bookmark: _Ref53995915][image: ]
[bookmark: _Ref61851551]Figure 2 Processing timeline for TRS-based EPI when an SSB is received prior to the EPI in low SINR. UE is paged.

[image: ]
[bookmark: _Ref61852398]Figure 3 Processing timeline for SSS-based EPI in low SINR. UE is paged.

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.
[image: ]



	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.

Observation 2: Compared to sequence-based PEI, DCI-based PEI can carry more information such as subgrouping indication/ TRS/CSI-RS for idle UE indication/ paging type.

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 4: DCI-based PEI can adjust its coverage flexibly by shifting AL while sequence-based PEI can hardly do.



	DOCOMO
	

	InterDigital
	[bookmark: _Ref71594615]At MDR of 10-2, there is no meaningful difference between TRS and 2-symbol SSS and these two sequence-based schemes are about 1 dB better than PDCCH AL8. The performance of 1-symbol SSS and PDCCH AL4 are worse by 2-to-3 dB and cannot meet the joint MDR requirements.
[image: ]
[bookmark: _Ref68604436]Figure 2‑1 MDR comparison of PDCCH, SSS, TRS for PEI

Table 1 Overehead comparison
	Number of simultaneously paged UE subgroups
	Overhead (REs)

	
	PDCCH AL8
	PDCCH AL16
	TRS
	2-symbol SSS

	1
	576
	1152
	288
	264

	2
	576
	1152
	576
	528

	3
	576
	1152
	864
	792

	4
	576
	1152
	1152
	1054



It is concluded that for two subgroups, the overhead of PDCCH AL8, TRS and 2-sybmol SSS are very close to each other. However, it should be remembered that the MDR of PDCCH AL8 is about 1 dB worse than the sequence-based methods. PDCCH AL16 can provide better MDR but doubles the overhead.

[image: ]
[bookmark: _Ref68606078]Figure 2‑5 Probability of paging n subgroups
 

	Lenovo
	

	Ericsson
	

	Nordic
	



Since power saving observation is not captured in last meeting, we suggest to compile a power saving observation for the case without UE sub-grouping. 

To compare companies’ results based on a common ground, we assume 1 SS burst is required before PEI detection in UE processing timeline. The reason is because companies already checked PEI performances based on a common large residue CFO, e.g., with [-0.5 0.5] ppm, before PEI detection, and assuming a different requirement on SS burst number before PEI detection looks inconsistent. With this rule in mind, Table 5 collects the power saving gain results. As there are more than two companies’ results only in the case of PO paging rate of 10%, the following observation is therefore proposed (analogous to previous RAN1 observation sent to RAN2):

FL-[Q2.4-1]
Observation:
For NR idle/inactive-mode UEs with PO paging rate of 10%, there can achieve the following power saving gains w.r.t Rel-16 by utilizing
· PDCCH-based PEI: 
· 8.95% –14.8% where the baseline assumes 1 SS burst for synchronization before PO reception
· 19.5% –22.5% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 25.3% –37.0% where the baseline assumes 3 SS bursts for synchronization before PO reception
· TRS/CSI-RS-based PEI:
· 14.8% – 15.4% where the baseline assumes 1 SS burst for synchronization before PO reception
· 20.7% – 22.5% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 26.6% – 30.2% where the baseline assumes 3 SS bursts for synchronization before PO reception
· SSS-based PEI:
· 14.8% – 15.8% where the baseline assumes 1 SS burst for synchronization before PO reception
·  5.00% –20.7% where the baseline assumes 2 SS bursts for synchronization before PO reception
· 15.7% – 27.9% where the baseline assumes 3 SS bursts for synchronization before PO reception
· Note: It is assumed one SS burst can be received for time-frequency synchronization before detecting PEI


[bookmark: _Ref72177222]Table 5: Companies’ results of UE power saving gain without UE sub-grouping and with up to 1 SS burst before PEI detection
	Sync setting
	3 SS bursts before PO
	2 SS bursts before PO
	1 SS burst before PO
	
Note

	PO paging rate
	10%
	20-35% 
	40-60% 
	10%
	20-35% 
	40-60% 
	10%
	20-35% 
	40-60%
	

	PDCCH-based PEI

	ZTE
	
	
	
	22.50%
	
	9.30% -14.40%
	
	
	
	

	Samsung
	
	
	
	
	
	
	8.95%
	7.48%
	
	

	DOCOMO
	29.60%
	
	12.50%
	
	
	
	
	
	
	

	Apple
	26.3%
	
	
	
	
	
	
	
	
	

	E///
	33.00%-37.00%
	
	
	
	
	
	
	
	
	

	MTK
	25.3%
	
	
	19.5%
	
	
	14.8%
	
	
	

	TRS/CSI-RS-based PEI

	ZTE
	
	
	
	22.50%
	
	9.30%-14.40%
	
	
	
	

	CATT
	30.19%
	
	
	
	
	
	
	
	
	Paging cycle:
128rf

	Samsung
	
	
	
	
	
	
	15.40%
	13.53%
	
	

	Apple
	27.9%
	
	
	
	
	
	
	
	
	

	MTK
	26.6%
	
	
	20.7%
	
	
	14.8%
	
	
	

	SSS-based PEI

	ZTE
	
	
	
	22.50%
	
	9.30%-14.40%
	
	
	
	

	QC
	15.7%-17.8%
	
	
	5 %-6.30%
	
	
	15.7%-15.8%
	
	
	Location (1, 2)/(3, 4)/(5, 6) for #SS bursts before PO = 3/2/1 

	Apple
	27.9%
	
	
	
	
	
	
	
	
	

	MTK
	26.6%
	
	
	20.7%
	
	
	14.8%
	
	
	





Further discussion on power saving gain observation tends to collect companies results with the following assumptions specified:
a) With and without UE sub-grouping
b) Number of SS burst(s) assumed before PEI detection
c) Number of SS burst(s) assumed between PEI and PO when UE is paged

Currently companies’ power saving results have strong dependency on the assumptions utilized, and further comments will be provided based on the agreed observation quoted in the summary session.


Physical-Layer Designs and Comparison with UE Subgrouping 
In this Section, physical-layer designs and comparison with UE sub-grouping will be discussed and decided.

Subgroups Indication Design
In Table 6, companies’ views related to subgroups indication design are collected:

[bookmark: _Ref72240332]Table 6: Companies’ views related to subgroups indication design
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc32468][bookmark: _Toc13841][bookmark: _Toc16140][bookmark: _Toc242][bookmark: _Toc29924]Observation 16: When discussing the paging enhancement scheme, the larger paging rate (e.g., 20%-60%) should also be considered.

[image: 8]
Figure 6 Power saving gain provided by PEI with sub-grouping 

[bookmark: _Toc31369][bookmark: _Toc6332][bookmark: _Toc4868][bookmark: _Toc21373][bookmark: _Toc4078][bookmark: _Toc4661][bookmark: _Toc68277918][bookmark: _Toc16677][bookmark: _Toc68621481][bookmark: _Toc14650][bookmark: _Toc12830][bookmark: _Toc8161][bookmark: _Toc16375][bookmark: _Toc18028][bookmark: _Toc4717]Observation 17: PEI with sub-grouping can provide higher power saving gain. When the number of sub-groups exceeds a certain range, the additional power saving gain obtained by increasing the number of sub-groups becomes smaller. 8 sub-groups can achieve the best tradeoff between the signaling overhead of PEI and power saving gain.
[bookmark: _Toc71707434][bookmark: _Toc7030]
Proposal 3: Supporting the agreements of RAN2 LS, at least 8 sub-groups per PO should be considered.
[bookmark: _Toc23241][bookmark: _Toc19406][bookmark: _Toc9927][bookmark: _Toc18060][bookmark: _Toc8595]
Observation 18: If the sub-grouping information is carried on the paging PDCCH, the power saving gain is negligible.
[bookmark: _Toc1217][bookmark: _Toc68621488][bookmark: _Toc2488][bookmark: _Toc2582][bookmark: _Toc4425][bookmark: _Toc71707435][bookmark: _Toc19102]
Proposal 4: The combination of PEI and sub-grouping indication should be supported.

Observation 21: For sequence based PEI associated with multiple POs, 
· if PEI is generated by different sequences, 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. 
· if TDM or FDM technique is used for sequence-based PEI, the resource overhead will be multiplied.

Observation 22: For sequence-based PEI associated with multiple POs or sub-groups, Alt 3 (TDM or FDM technique) are considered.

Table 4 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

	
	DCI/sequence-based PEI
	DCI-based PEI
	Sequence-based PEI (w/ group common PEI)

	RG = 10%
	22.5%
	22.5%
	21.6%

	RG = 40%
	14.4%
	14.4%
	9.1%

	RG = 60%
	9.3%
	9.3%
	2.9%




[image: ]
Figure 8 MDR performance when multiple PEI sequences occupy the same resource
 

	Huawei, HiSilicon
	Observation 9: PDCCH-based PEI can support to indicate at least 8 sub-groups per PO, and the payload can be used for sub-group indication and associated with multiple POs flexibly. 

Observation 9: 8 FDMed or TDMed PEI resources for SSS based PEI or TRS based PEI are needed to support 8 sub-groups indication in PEI, according to the observations in RAN1#104bis.

Observation 18: The false alarmed TRS-based PEI would introduce more time and frequency drift before the next paging cycle if TRS-based PEI is used for time and frequency tracking.

Table 1 PEI configuration
	
	PDCCH-based
	TRS-based
	SSS-based

	Single PEI configuration
	AL4
12bit payload or AL8 or 32bits payload
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)

	Case
	Case1
	Case1
	Case2
	Case1
	Case2

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	No need

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs ( 48RB*2symbol*2)
	Dynamic sharing PDSCH using one ZP-CSI-RS resource.
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)
	Dynamic sharing PDSCH resource using CORESET0
(24RB*2symbol)




	vivo
	Table 1: Grouping method adopted in Rel-16 NB-IoT for sub-grouping indication carried by sequence-based PEI-only.
	Characteristics for different cases
	Sequence index
	Probability

	>= 2 sub-groups need to be woke up
	0
	0.0046

	Only to wake up sub-group 1
	1
	0.0119

	Only to wake up sub-group 2
	2
	0.0119

	Only to wake up sub-group 3
	3
	0.0119

	Only to wake up sub-group 4
	4
	0.0119

	Only to wake up sub-group 5
	5
	0.0119

	Only to wake up sub-group 6
	6
	0.0119

	Only to wake up sub-group 7
	7
	0.0119

	Only to wake up sub-group 8
	8
	0.0119

	All sub-groups go to sleep
	9
	0.9
(1 - per PO paging rate)



[bookmark: OLE_LINK18]Observation 1: Sub-grouping method introduced in Rel-16 NB-IoT can save the number of candidate sequences by defining a “common sequence” representing the case that no less than two sub-groups need to be paged.
Observation 2: The additional false alarm rate and power consumption caused by the common sequence is marginal. 
Observation 3: Based on the sub-grouping method introduced in Rel-16 NB-IoT, the network only needs to transmit one certain sequence for each PEI occasion to indicate its associated PO(s).
Proposal 1: 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 PEI per PEI occasion, 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.

Observation 10: 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.


   
Figure 1: The trend of additional power saving gain with the increasement of the number of sub-groups.
Table 2: Additional power saving gain by introducing sub-grouping paging indication carried by PEI compared with the scheme of PEI without sub-grouping.
	Additional power saving gain
	The number of sub-groups
	For Low SINR case with 3 SSBs before PO
	For High SINR case w/o RRM relax

	Per PO paging rate=10%
	2
	2.80%
	0.90%

	
	4
	4.26%
	1.37%

	
	8
	5.01%
	1.62%

	
	16
	5.35%
	1.73%

	Per PO paging rate=20%
	2
	5.11%
	1.71%

	
	4
	7.94%
	2.66%

	
	8
	9.36%
	3.14%

	
	16
	10.12%
	3.39%

	Per PO paging rate=40%
	2
	8.59%
	3.08%

	
	4
	13.75%
	4.93%

	
	8
	16.59%
	5.95%

	
	16
	18.09%
	6.48%



Observation 4: Up to 5.35% or 10.12% additional power saving gain can be achieved by introducing the sub-grouping paging indication carried by PEI-only when the per PO paging rate is 10% or 20% respectively.
Observation 5: Adopting more than 8 sub-groups per PO will bring a marginal increase of power saving gain.
Proposal 2: Sub-grouping indication carried in sequence-based PEI-only should be supported for paging enhancement. 
Proposal 3: 4 or 8 sub-groups configured per PO is preferred.

Proposal 4: 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.


	Spreadtrum 
	

	CATT
	  
Figure 10: Additional power saving gain of sequence-based PEI with sub-grouping 

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.


Figure 11: Power saving gain of option 1 compare to option 2

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 5: 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 6: 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 although the sequence-based subgrouping could support up to 222 code points.
 
Assume that the paging rate for a PO is 10% and one PEI indicates 4 POs. The paging rates of 0, 1, 2, 3, 4 POs from network perspective are calculated in Table 8. As given in this Table, the probability of more than one PO being paged is 5.23%. If more than one PO are paged, common sequence-based PEI is transmitted, some POs would be false alarmed and waste unnecessary power to decode PDCCH and PDSCH. But the false alarm rate of the POs not paged is less than 5.23% in the worst case, which is acceptable. For supporting indicate multiple POs and sub-grouping by one sequence-based PEI, this design only causes acceptable false alarm but the system resource overhead is not increased

Table 8: Paging rate for different PO numbers from network perspective
	Case
	The number of POs paged
	Calculate formula
	Paging rate

	Case 1
	0
	 (1-0.1)^4
	65.61%

	Case 2
	1
	C41*0.1*(1-0.1)^3
	29.16%

	Case 3
	2
	C42*0.1^2*(1-0.1)^2
	4.86%

	Case 4
	3
	C43*0.1^3*(1-0.1)
	0.36%

	Case 5
	4
	C44*0.1^4
	0.01%



Observation 13: For supporting sequence-based PEI associated with multiple POs and sub-grouping, if no more than one sequence is transmitted in a resource at a given time, the false alarm probability is acceptable.
 


	CMCC
	Proposal 2. Support using PDCCH-based PEI to provide UE subgrouping indication.

Table 2. Power saving gain of PEI based UE subgrouping
	
	Paging rate of one PO
	10%
	25%

	
	Subgroup 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%



Proposal 4. The maximum number of subgroups of one PO can be 8.
 

	Qualcomm 
	[bookmark: O1]Observation 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.
[bookmark: P1]Proposal 1: Support UE sub-group indication carried by narrowband sequence-based (e.g., SSS) PEI for Rel-17 idle/inactive mode power saving.
Observation 3: PEI can provide essential power saving gain for idle and inactive mode UEs
· Optimal location of PEI transmission can be different for different SINR conditions
· Optimal location of PEI transmission can be different for PDCCH-based and RS/sequence-based PEI due to potential different requirement of time and frequency synchronization and AGC accuracy. PDCCH-based PEI may have lower power saving gain than RS/sequence-based PEI
· When UE sub-grouping is adopted, it provides about 2% additional power saving gain.
[image: ]
[bookmark: _Ref71394893]Figure 3: Power saving gain vs. number of UE subgroups at optimal location


	OPPO
	For DCI-based PEI, almost all companies evaluated the performance assumed the payload size is 12 bits, the number 12 is the minimum DCI payload size w/o zero padding, and the aggregation level is assumed as 4(288 REs)/8(576 REs). For sequence-based PEI, the performance evaluation of all companies shows the UE (sub)group indication capacity of sequence-based PEI is worse than DCI-based PEI.

Observation 1: DCI-based PEI can support larger number of subgroups indication.

In the RAN1#103-e meeting, sub-grouping on Paging DCI is also studied, it is clearly subgrouping on Paging DCI can provide marginal power saving gain about 0.3 - 1.1%. It is not necessary to further study the subgrouping on Paging DCI.
Proposal 4: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.
 

	Intel 
	Observation 5: 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 12: If N sub-groups are indicated via sequence transmission, UE needs to check 2^(N-1) sequences, i.e., only the sequences that would wake up UE’s subgroup.

Table 3: 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 13: 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.

Proposal 1: A maximum of 4 sub-groups per PO is preferred. Considering feedback from RAN2, at
most 8 sub-groups may be supported per PO.

Proposal 4: Both PEI and paging DCI may jointly indicate UE sub-grouping information, especially when number of sub-groups is large and PEI is sequence based.

Proposal 5: Signalling design for UE sub-grouping can be postponed until after PEI signal/channel design is confirmed.
 

	Apple
	

	Sony
	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. 

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



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. 
 

	Samsung
	Proposal 7: Support at least paging PDCCH only for UE subgrouping indication without additional resource overhead. 

Proposal 8: Support CDM and/or FDM/TDM for UE subgroup indication based RS based PEI.
 
Observation 11: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-A are as follows:
· TRS only without CDM requires 36 RBs* 6REs/RB = 216 REs
· CSI-RS with CDM8-FD2-TD4 requires 21 RB*8REs/RB = 168 REs

Observation 12: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-B are as follows:
· TRS only without CDM requires 27 RBs* 6REs/RB = 162 REs
· CSI-RS with CDM8-FD2-TD4 requires 15 RB*8REs/RB = 120 REs


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

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

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

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

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

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



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

Observation 2: Compared to the case where only UE_ID based sub-grouping is supported, higher UE sub-grouping efficiency can be achieved when network controlled sub-grouping is configured.

Proposal 2: The maximum number of UE sub-groups per PO should be at least 8 
 
It should be considered that paging rate of normal NR UE would be much higher than MTC/NB-IoT UE. In MTC/NB-IoT, common WUS can be used to wake up more than one UE groups at the same time. The common WUS would be transmitted more frequently when UEs have higher paging rate, and it causes degradation of the benefit from UE group indication. M
 

	Panasonic
	Proposal 4: Sub-grouping information could be carried in the PEI.
Proposal 5: Which sub-grouping UE belongs are informed from the higher layer.
Proposal 6: 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 1. 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






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

Observation: Based on RAN2 feedback RAN1 PEI design needs to support sub-grouping, considering both network controlled grouping and UE-ID based grouping.

Observation: Based on RAN2 feedback the maximum number of supported sub-groups needs to be at least 8.

Proposal: The EPI design supports at least 8 sub-groups per PO as suggested by RAN2. Actual number used should be configurable by network.
 

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


	DOCOMO
	Observation 3: DCI-based PEI that can notify a lot of information is desirable for subgroups.

Observation 4: The power saving gain can be obtained at any grouping rate by combining PEI with subgroup indication and/or TRS/CSI-RS indication.


	InterDigital
	

	Lenovo
	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
	[bookmark: _Toc71665050]Observation 1  Based on input from RAN2, PEI is meant to carry paging sub-grouping information for addressing at least 8 sub-groups for one PO.
[bookmark: _Toc71665136]Proposal 1  In deployments of high paging rate, in order to avoid excessive false paging during simultaneous paging of more than one sub-group, PEI supports addressing individual sub-group invocation (i.e. 8 bits, one per each of 8 subgroups in a PO). 
[bookmark: _Toc71665137]Proposal 2  In deployments of high paging rate, where one-to-many PEI configuration is a necessary tool for the NW for avoiding excessive resource waste, PEI supports addressing sub-groups of at least up to 4 POs (i.e. in addition to the 8 bits used for sub-groups).
[bookmark: _Toc71665138]Proposal 3  In order to not waste bits unnecessarily in deployments where low paging rate is expected (few sub-groups/one-to-one configured), the sub-group/PO addressing bits shall be configurable (both number of bits and their meaning).
 

	Nordic
	In Figure 1 paging group size is shown to be dependent on number of UEs in the tracking area. In the Figure, each curve illustrates different number of paging groups (1 to 1024) available. If there are for example 1000 UEs in the same tracking area monitoring paging divided in 8 paging groups, there are about 125 UEs per paging group monitoring paging as can be read in grey colored curve in Figure 1. 
[image: ]
Figure 1 Number of UEs per paging group dependent on number of UE in tracing area and number of paging groups

Observation-6: The paging group size depends on the DRX cycle parameters and the number of the UEs in the tracking area.

Observation-7: The larger the paging groups are the more power is consumed by the UEs in the group

Figure 2 below illustrates an example of wake-up probability from individual UE point of view as a function of paging group size for different individual paging probabilities. The same paging probability is assumed for each UE. It can be seen from the figure that when the number of UEs per group increases, the probability to wake up increases. The linearity of the increase depends on the UE paging rate. Higher the UE paging rate is more concave the dependency is. This means that group paging rate reduction does not saturate with number of sub-groups, but contrary. Therefore, we think that NR should support at least 8 subgroups to cover scenarios with many eMBB/RedCap UE operating in wide NR cells, where UE groups could be of 200-300 size.   

Proposal-2: Support at least 8 sub-groups as recommended by RAN2.

[image: ]
Figure 2 UE wake up probability as a function of UEs per paging group for different UE paging probabilities











One important goal of evaluating UE sub-grouping is to reply RAN2 LS where maximum #subgroups per PO can be at least 8 is indicated. Since RAN2 leaves the final decision to RAN1, and from companies inputs, 8 looks the value all companies can be fine. In this regard, the following proposal is suggested:

	Maximum #subgroups per PO
	Supporting companies

	
	ZTE, HW, MTK, LG, Nokia, Ericsson, Nordic (7 companies)

	8
	CMCC (1 company)

	
	Vivo, CATT, Intel (3 companies)



FL-[Q3.1-0]
FL comment: From companies’ inputs (with Intel Proposal 1 included), 8 looks the common value agreeable to all. Therefore the following proposal is suggested:

Proposal:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


Since there is no further objection on the proposal, it is finally agreed as an agreement:

Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.




Next, we further identify the subgroups indication design for each PEI physical layer candidates, considering the following:
· From Observation 2a agreed in RAN1 #104-bis-e for Behv-A, as quoted below, UE (sub)group indication capacity per PEI with majority can be identified as
· PDCCH-based PEI:  bits (supported by 13 out of 13 companies)
· SSS-based PEI: 1 bit (supported 6 out of 9 companies)
· TRS/CSI-RS-based PEI: 1 bit (supported 7 out of 10 companies)

	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capacity 
	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)



· Bit-to-(sub)group mapping or code-point-based mapping?
· By identifying the possible UE (sub)group indication capacity that can comply with the performance requirement, there is additional freedom in designing the mapping between the available code-points (of size 2^#bits) and all the paging combinations of associated POs or UE subgroups.
· Code-point-based mapping can bring performance benefit by reducing the required number of sequence realizations for sequence-based PEI or number of DCI payload bits for PDCCH-based PEI. On the other hand, as noted by LG and ZTE, there is increased false paging rate for the use case with higher PO paging rate. Example can be checked as below with N (=4) POs and PO paging rate of P:

	PO paging rate, P
	Prob. UE is paged (bit-to-PO mapping): (1-P)
	Prob. UE is paged (code-point mapping with 1 common code-point/seq. for the case of two or more POs paged):
1 – (Prob. no PO paged) – (Prob. one other PO is paged) 
= 

	10%
	10%
	12.5% (  +2.5%)

	20%
	20%
	28.3% (  +8.3%)

	30%
	30%
	45.1% (+15.1%)

	40%
	40%
	61.1% (+21.1%)


 
· Since the false paging rate increment can be confined if applying code-point-based mapping to subgroups in a PO, one way forward is to first support simple bit-to-group mapping and FFS code-point based mapping


By the above the following proposal is suggested as the way forward:

FL-[Q3.1-1]
Proposal:
a) If PDCCH-based PEI is selected for Rel-17 paging enhancement,
· Subgroups in a PO are indicated by one PDCCH-based PEI
· One bit in the DCI payload indicating one UE subgroup is supported
b) If TRS/CSI-RS-based PEI or SSS-based PEI is selected for Rel-17 paging enhancement,
· One PEI indicating one PO or one UE subgroup is supported
c) FFS: Whether and how code-point based mapping is utilized for paging indication to subgroups in a PO



FL comment: Companies has common views on indicating subgroups in a PO by one PDCCH-based PEI, but diverse views on UE (sub)group indication capability for sequence-based PEI, as shown in agreed observation 2a of RAN1#104-bis-e. Let us focus on what can be agreed first.



Updated Proposal:
For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
· One bit in the DCI payload indicating one UE subgroup is supported
· FFS: Whether and how code-point based mapping is utilized for paging indication to subgroups in a PO
 

After further discussion on subgroups indication design, companies finally agree with a version where candidate designs for sequence-based PEIs are collected for FFS. Companies are encouraged to check the possible designs toward the final decision on PEI physical-layer channel/signal. It is also noticed that, since idle-mode UE reception bandwidth will not exceed the frequency span of CORESET-0, physical-layer configuration for TRS-based PEI should provide a flexibility in adapting RB number down to 24 RB whiling complying with the performance requirement as agreed in RAN1 #104-e. 


Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span






PEI Comparisons with UE Sub-grouping Enhancement
In Table 7, companies’ inputs related to PEI comparisons with UE sub-grouping enhancement are collected:

[bookmark: _Ref72263290]Table 7: Companies’ inputs related to PEI comparisons with UE sub-grouping enhancement
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc27547][bookmark: _Toc30562]Observation 26: When sub-grouping is considered, the DCI-based PEI can provide larger power saving gain than sequence-based PEI. 

Table 8 Power saving gain and resource overhead of PEI with 1 PO, 8 sub-groups
	PEI associated with 1 PO
	Resource overhead per PO - Behv-A
	Resource overhead per PO - Behv-B
	Power saving gain

	
	Paging rate
	Paging rate
	Paging rate

	
	10%
	40%
	60%
	10%
	40%
	60%
	10%
	40%
	60%

	DCI-based PEI (with AL=4)
Dynamic resource sharing
	28.8
	115.2
	172.8
	259.2
	172.8
	115.2
	25.4%
	25.7%
	25.4%

	TRS-like PEI
Dynamic or semi-static resource sharing
48 RB and 2 symbols
	No sub-grouping
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried by PEI
	30.0 or 2304
	142.8 or 2304
	248.8 or 2304
	2274 or 2304
	2161 or 2304
	2055 or 2304
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried by paging DCI
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	23.5%
	18.4%
	15.0%

	SSS-like PEI
Dynamic or semi-static resource sharing
11 RB and 2 symbols
	No sub-grouping
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried by PEI
	27.5 or 2112
	130.9 or 2112
	228.1 or 2112
	2085 or 2112
	1981 or 2112
	1884 or 2112
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried by paging DCI
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	23.5%
	18.4%
	15.0%



Table 9 Power saving gain and resource overhead of PEI with 2 POs, 8 sub-groups
	PEI associated with 2 POs
	Resource overhead per PO - Behv-A
	Resource overhead per PO - Behv-B
	Power saving gain

	
	Paging rate
	Paging rate
	Paging rate

	
	10%
	40%
	60%
	10%
	40%
	60%
	10%
	40%
	60%

	DCI-based PEI (with AL=4)
Dynamic resource sharing
	27.4
	92.2
	121
	142.6
	121
	92.2
	25.4%
	25.7%
	25.4%

	TRS-like PEI
Dynamic or semi-static resource sharing
48 RB and 2 symbols
	No sub-grouping
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried by PEI
	30.0 or 2304
	142.8 or 2304
	248.8 or 2304
	2274 or 2304
	2161 or 2304
	2055 or 2304
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried by paging DCI
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	23.5%
	18.4%
	15.0%

	SSS-like PEI
Dynamic or semi-static resource sharing
11 RB and 2 symbols
	No sub-grouping
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried on PEI
	27.5 or 2112
	130.9 or 2112
	228.1 or 2112
	2085 or 2112
	1981 or 2112
	1884 or 2112
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried on paging DCI
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	23.5%
	18.4%
	15.0%



Table 10 Power saving gain and resource overhead of PEI with 4 POs, 8 sub-groups
	PEI associated with 4 POs 
	Resource overhead per PO - Behv-A
	Resource overhead per PO - Behv-B
	Power saving gain

	
	Paging rate
	Paging rate
	Paging rate

	
	10%
	40%
	60%
	10%
	40%
	60%
	10%
	40%
	60%

	[bookmark: _Hlk71660964]DCI-based PEI (with AL=8)
Dynamic resource sharing
	49.6
	125.4
	140.4
	144
	140.4
	125.4
	25.4%
	25.7%
	25.4%

	TRS-like PEI
Dynamic or semi-static resource sharing
48 RB and 2 symbols
	No sub-grouping
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried on PEI
	30.0 or 2304
	142.8 or 2304
	248.8 or 2304
	2274 or 2304
	2161 or 2304
	2055 or 2304
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried on paging DCI
	28.8 or 288
	115.2 or 288
	172.8 or 288
	259.2 or 288
	172.8 or 288
	115.2 or 288
	23.5%
	18.4%
	15.0%

	SSS-like PEI
Dynamic or semi-static resource sharing
11 RB and 2 symbols
	No sub-grouping
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	22.5%
	14.4%
	9.3%

	
	Sub-grouping information carried on PEI
	27.5 or 2112
	130.9 or 2112
	228.1 or 2112
	2085 or 2112
	1981 or 2112
	1884 or 2112
	25.4%
	25.7%
	25.4%

	
	Sub-grouping information carried on paging DCI
	26.4 or 264
	105.6 or 264
	158.4 or 264
	237.6 or 264
	158.4 or 264
	105.6 or 264
	23.5%
	18.4%
	15.0%





	Huawei, HiSilicon
	
[bookmark: _Ref71289930][bookmark: _Ref70446149]Observation 11: PDCCH-based PEI carrying 8 sub-group indication can provide the most efficient resource utilization with comparable power saving gain compared to TRS based PEI.
Observation 12: PDCCH-based PEI carrying 8 sub-group indication can provide better power saving performance with smaller resource overhead compared to SSS based PEI.

[bookmark: _Ref71362468]Table 2 Comparison of PEI designs with respect to resource overhead and power saving gain.
a) Evaluation results with one PO per SS burst period for Behv-A (2 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)  
	Dynamic sharing PDSCH using ZP-CSI-RS resource 
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs ( 48RB*2symbol*2)
	Dynamic sharing PDSCH resource by CORESET0(24RB* 2 symbol)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	28.8
	230.4
	28.8
	230.4 
	57.6

	
	20%
	57.6
	460.8
	57.6
	460.8 
	115.2

	
	40%
	115.2
	921.6
	115.2
	921.6
	230.4

	
	60%
	170.2
	1382.4
	172.8
	1382.4
	345.6

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	31.70%
20.36%
	31.88%
20.51%
	30.66%
19.99%
	31.73%
20.39%
	28.90%
18.56%

	
	20%
	31.95%
20.71%
	32.31%
21.01%
	29.79%
19.93%
	31.95%
20.71%
	26.18%
16.98%

	
	40%
	31.64%
20.84%
	32.69%
21.70%
	27.93%
19.66%
	31.64%
20.84%
	20.77%
13.79%

	
	60%
	31.02%
20.73%
	32.85%
22.24%
	26.11%
19.34%
	31.02%
20.73%
	15.60%
10.70%



b) Evaluation results with four POs per SS burst period for Behv-A (2 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH using four ZP-CSI-RS resource in one ZP CSI-RS resource set
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH resource by  CORESET0 (48RB*2symbols)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	49.5 
	N/A
	99.0 
	N/A
	99.0 

	
	20%
	85.0 
	N/A
	170.0 
	N/A
	170.0 

	
	40%
	125.3 
	N/A
	250.7 
	N/A
	250.7 

	
	60%
	140.3 
	N/A
	280.6 
	N/A
	280.6 

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	31.70%
20.36%
	N/A
	30.66%
19.99%
	N/A
	28.90%
18.56%

	
	20%
	31.95%
20.71%
	N/A
	29.79%
19.93%
	N/A
	26.18%
16.98%

	
	40%
	31.64%
20.84%
	N/A
	27.93%
19.66%
	N/A
	20.77%
13.79%

	
	60%
	31.02%
20.73%
	N/A
	26.11%
19.34%
	N/A
	15.60%
10.70%



c) Evaluation results with one PO per SS burst period for Behv-A  (3 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups
	8 sub-groups
	PO-wise
	8 sub-groups
	PO-wise

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	8 sub-groups

	Co-existence method
	Dynamic sharing PDCCH resource
	Dynamic sharing PDSCH resource by CORESET0 with multiple MOs (48RB*2symbol*2)    
	Dynamic sharing PDSCH using ZP-CSI-RS resource 
	Dynamic sharing PDSCH resource by a CORESET of 96RB*2symbol
	Dynamic sharing PDSCH resource by CORESET0(24RB* 2 symbol)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	28.8
	230.4
	28.8
	230.4 
	57.6

	
	20%
	57.6
	460.8
	57.6
	460.8 
	115.2

	
	40%
	115.2
	921.6
	115.2
	921.6
	230.4

	
	60%
	170.2
	1382.4
	172.8
	1382.4
	345.6

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	42.19%
30.65%
	42.34%
30.78%
	39.73%
29.05%
	42.19%
30.65%
	38.11%
27.69%

	
	20%
	42.12%
30.72%
	42.43%
30.97%
	37.54%
27.72%
	42.12%
30.72%
	34.49%
25.15%

	
	40%
	41.11%
30.20%
	42.00%
30.95%
	32.78%
24.79%
	41.11%
30.20%
	26.70%
19.67%

	
	60%
	39.77%
29.42%
	41.33%
30.74%
	28.11%
21.90%
	39.77%
29.42%
	19.11%
14.30%



d) Evaluation results with four PO per SS burst period for Behv-A  (3 SS bursts needed before PO for baseline)
	
	PDCCH-based
	TRS-based
	SSS-based

	PEI indication
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM
	PO-wise
	8 sub-groups per PO, 4POs
	8 sub-groups per PO, 4POs by FDM and TDM

	Paging DCI indication
	No need
	No need
	8 sub-groups
	No need
	No need

	Co-existence method
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)
	Dynamic sharing PDSCH using four ZP-CSI-RS resource in one ZP CSI-RS resource set
	Dynamic sharing PDCCH resource
	Not available  by using CORESET0 with multiple MOs (re quire 48RB*2symbol*2*4)

	Resource overhead @
PO paging rate
(REs per PO)
	10%
	49.5 
	N/A
	99.0 
	N/A
	99.0 

	
	20%
	85.0 
	N/A
	170.0 
	N/A
	170.0 

	
	40%
	125.3 
	N/A
	250.7 
	N/A
	250.7 

	
	60%
	140.3 
	N/A
	280.6 
	N/A
	280.6 

	Power saving gain without interFrequency measurement @PO paging rate 
 Power saving gain with interFrequency measurement @ PO paging rate

	10%
	42.19%
30.65%
	N/A
	39.73%
29.05%
	N/A
	38.11%
27.69%

	
	20%
	42.12%
30.72%
	N/A
	37.54%
27.72%
	N/A
	34.49%
25.15%

	
	40%
	41.11%
30.20%
	N/A
	32.78%
24.79%
	N/A
	26.70%
19.67%

	
	60%
	39.77%
29.42%
	N/A
	28.11%
21.90%
	N/A
	19.11%
14.30%



 

	vivo
	For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, we provide the evaluation results for PEI candidate designs based on the following assumptions:
· [bookmark: OLE_LINK1]Assumption of Behavior A/B;
· Required #REs from performance evaluation described in section 3.1;
· Per PO paging rate is 10%;
· Dynamic rate-matching in PDCCH or PDSCH to co-exist with legacy signals/channels;
· PO and PEI can be one to one mapping or four to one mapping;
· As identified and analyzed in section 2.1, 8 UE sub-groups are configured with PEI-only for each PO and sequence-based grouping method introduced in Rel-16 NB-IoT is adopted;
Table 6: Resource overhead of each PEI occasion with different PEI candidate designs
	PEI design
	Parameters
	Baseline: Resource overhead for per PEI occasion and per PO (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
1 to 1 for DCI based PEI;
	Resource overhead for per PEI occasion and per PO (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
2 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
	25.4/50.8 for 2/4 symbols
	228.6/457.2 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
	28.8/57.6 for 2/4 symbols
	259.2/518.4 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
	54.72/109.4 for AL 8/16
	466.56/933.12 for AL 8/16



Observation 13: In term of resource overhead for per PEI occasion and per PO, SSS-like sequence-based PEI will consume the least resource, TRS-like sequence-based PEI followed and DCI-based PEI comes last.  


	Spreadtrum 
	

	CATT
	[bookmark: OLE_LINK13][bookmark: OLE_LINK17]Table 7: Resource overhead evaluation for PEI with sub-grouping assuming multiple POs is not supported
	PEI candidate designs
	Resource overhead(semi-static)
	Resource overhead(dynamic)

	PDCCH-based PEI(12 bits, 8 sub-groups)
	36REs
	3.6 – 36 REs (depending whether the CCEs are used by other UEs or PDSCH when no paging)

	PDCCH-based PEI(41 bits, 8 sub-groups)
	72REs
	[bookmark: _Hlk70884496]7.2 – 72 REs (depending whether the CCEs are used by other UEs or PDSCH when no paging)

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

[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK7]Table 10: Comparison of PEI candidate designs with sub-grouping assuming that multiple POs is supported
	PEI candidate designs
	Detection performance(the SNR at JMDR=1% without paging performance influence)
	Power saving gain
	Coexistence
	Sub-group
numbers in evaluation
	Resource overhead

	DCI-based PEI(12 bits)
	-7.5dB(AL=4 for Alt 1)
	4.41%
~10.07%
	PDSCH, PDCCH
	8
	36 REs(semi-static)
3.6 REs – 36 REs (dynamic)

	DCI-based PEI(41 bits)
	-7.9dB(AL=8 for Alt 1)
	4.41%
~10.07%
	PDSCH, PDCCH
	32
	18 REs(semi-static)
6.19 REs – 18 REs (dynamic)

	TRS-based PEI
	-8.3dB(Alt 1)
	23.11%
~51.59%
	PDSCH, TRS/CSI-RS 
	32
	0 or 9REs (semi-static)
0 or 3.10REs (dynamic)



Observation 14: The resource overhead of sequence-based PEI is smaller than that of DCI-based PEI when sub-grouping and multiple POs associated with one sequence-based PEI are supported.

Observation 15: If sub-grouping is supported, the sequence-based PEI is better than DCI-based PEI from detection performance, power saving gain, coexistence and resource overhead views.


	CMCC
	

	Qualcomm 
	[bookmark: _Ref71450716][bookmark: T4]Table 5: 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
	No. of UE sub-groups = 8

	PDCCH
	576
	576
	576
	576

	CSI-RS
	300
	600
	900
	1200

	SSS
	288
	576
	864
	1152



[bookmark: _Ref71450843][bookmark: T5]Table 6: 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
	No. of UE sub-groups = 8

	PDCCH
	57.6
	57.6
	57.6
	57.6

	CSI-RS
	30
	30.8
	31.1
	31.2

	SSS
	28.8
	29.6
	29.8
	29.9


[bookmark: O7]Observation 7: 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.



	OPPO
	

	Intel 
	Table1: Power consumption of TRS and PDCCH based PEI with different number of sub-groups
	Number of sub-groups indicated by PEI
	Seq based PEI
(1 SSB before PEI, 0 SSB between PEI and PO) (values in % in indicate power consumption w.r.t. Seq-based PEI and a single sub-group)
	PDCCH PEI is placed far from PO, with 1 SSB in front, and 1 or more SSBs between PEI and PO (example 1) (values in % indicate power consumption w.r.t. Seq-based PEI)
	PDCCH PEI is placed closed to PO, with 1 or more SSBs in front (example 2) (values in % indicate power consumption w.r.t. Seq-based PEI)

	
	
	PDCCH based PEI
(1 SSB before PEI, 1 SSB between PEI and PO)
	PDCCH based PEI
(1 SSB before PEI, 2 SSBs between PEI and PO)
	PDCCH based PEI
(1 SSB before PEI, 3 SSBs between PEI and PO)
	PDCCH based PEI
(2 SSBs before PEI, 0 SSB between PEI and PO)
	PDCCH based PEI
(3 SSBs before PEI, 0 SSB between PEI and PO)

	1
	1.4243 (0.00%)
	1.4477 (1.64% more)
	1.4712 (3.29% more)
	1.4946 (~ 5% more)
	1.6541 (16.13% more)
	1.885 (32.34% more)

	4
	1.4108 (1.0% less)
	1.4166 (0.41% more)
	1.4225 (0.83% more)
	1.4283 (1.24% more)
	1.6451 (16.6% more)
	1.8795 (33.22% more)

	8
	1.4085 (1.12% less)
	1.4114 (0.21% more)
	1.4144 (0.42% more)
	1.4173 (0.63% more)
	1.6429 (16.64% more)
	1.8773 (33.28% more)

	12
	1.4078 (1.15% less)
	1.4097 (0.14% more)
	1.4117 (0.27% more)
	1.4137 (0.42% more)
	1.6421 (16.64% more)
	1.8765 (33.29% more)

	16
	1.4074 (1.19% less)
	1.4089 (0.1% more)
	1.4103 (0.21% more)
	1.4118 (0.32% more)
	1.6418 (16.66% more) 
	1.8761 (33.30% more)



Observation 1: For the agreed evaluation assumptions, TRS based PEI results in more power saving gain than PDCCH based PEI

Observation 2: For the agreed evaluation assumptions, relative PS gain diminishes as number of sub-groups is increased. 
· The PS gains saturate from 4 sub-groups onwards.  

Proposal 1: A maximum of 4 sub-groups per PO is preferred. Considering feedback from RAN2, at most 8 sub-groups may be supported per PO.



	Apple
	

	Sony
	


	Samsung
	Table 5: Power saving gain for UE subgrouping w/ group paging rate = 10.01%
	Alternatives
	K=1
	K=4
	K=8
	K=16
	K=32

	PEI
	PDCCH based
	8.95%
	10.96%
	11.31%
	11.49%
	11.58%

	
	RS based
	15.40%
	17.68%
	18.08%
	18.28%
	18.38%

	Paging PDCCH
	0%
	0.86%
	1.02%
	1.09%
	1.13%


Note: Behav-A, UE monitors all MOs for PEI and paging PDCCH reception

Table 6: Power saving gain for UE subgrouping w/ group paging rate = 19.02%
	Alternatives
	K=1
	K=4
	K=8
	K=16
	K=32

	PEI
	PDCCH based
	7.48%
	11.21%
	11.89%
	12.24%
	12.41%

	
	RS based
	13.53%
	17.76%
	18.54%
	18.93%
	19.13%

	Paging PDCCH
	0%
	1.60%
	1.90%
	2.04%
	2.12%


Note: Behav-A, UE monitors all MOs for PEI and paging PDCCH reception

Observation 8: UE sub-grouping on paging PDCCH achieves small (up to 2.12%) power saving gain, where the gain depends on group paging rate. 

Observation 9: UE sub-grouping on PEI achieves up to 11.58% - 19.13% power saving gain, depending on group paging rate, where RS based PEI achieves 1.5x power saving gain than PDCCH based PEI.

Observation 10: The power saving gain converges when number of UE subgroups is large. No need to support UE sub-grouping larger than 8.  

Proposal 9: Support UE subgroup size up to 8 for PEI only.
 

Observation 11: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-A are as follows:
· TRS only without CDM requires 36 RBs* 6REs/RB = 216 REs
· CSI-RS with CDM8-FD2-TD4 requires 21 RB*8REs/RB = 168 REs

Observation 12: The minimum required RE for CSI-RS/TRS based PEI to achieve target reliability based on Behav-B are as follows:
· TRS only without CDM requires 27 RBs* 6REs/RB = 162 REs
· CSI-RS with CDM8-FD2-TD4 requires 15 RB*8REs/RB = 120 REs


Table 7: Resource overhead (averaged RE) for PEI with UE subgrouping
(Behav-A, UE group paging rate = 10%)
	
	K=4
	K=8
	K=16
	K=32

	PDCCH-based
	per MO
	57.6
	57.6
	115.3
	115.3

	
	per PO
	460.8
	460.8
	922.4
	922.4

	CSI-RS/TRS-based
	Per MO
	22.5
(TRS)
	16.8
(CSI-RS)
	16.8
	17.3
	17.5

	
	Pre PO
	90
(TRS)
	67.2
(CSI-RS)
	67.2
	69.2
	70


Note: PDCCH-based PEI has 8 MOs, RS-based PEI has 4 MOs

Table 8: Resource overhead (averaged RE) for PEI with UE subgrouping
(Behav-B, UE group paging rate = 10%)
	
	K=4
	K=8
	K=16
	K=32

	PDCCH-based
	per MO
	518.4
	518.4
	1036.7
	1036.7

	
	per PO
	4147.2
	4147.2
	8293.6
	8293.6

	CSI-RS/TRS-based
	Per MO
	631.1
(TRS)
	108.0
(CSI-RS)
	108.0

	227.7
	467.5

	
	Pre PO
	2524.4
(TRS)
	432
(CSI-RS)
	432
	910.8
	1870


Note: PDCCH-based PEI has 8 MOs, RS-based PEI has 4 MOs

Observation 14: PDCCH-based PEI requires 3.4x to 6.6x more resource overheads than CSI-RS/TRS-based PEI for indicating UE subgroups for paging.



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

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

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

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

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

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

	Power saving gain @ PO paging rate of

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

	
UE subgrouping 
without PEI
	
N/A
	
8 sub-groups
	
N/A
	1
	0.9%
	1.9%
	3.7%
	5.4%

	
	
	
	
	2
	0.6%
	1.3%
	2.5%
	3.7%

	
	
	
	
	3
	0.6%
	1.2%
	2.3%
	3.4%

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

No need
	
28.8

57.6
	
57.6

115.2
	
115.2

230.4
	
172.8

345.6
	1
	18.0%
	18.4%
	19.2%
	20.0%

	
	
	
	
	
	
	
	2
	22.4%
	22.5%
	22.8%
	23.2%

	
	
	
	
	
	
	
	3
	28.7%
	28.8%
	29.0%
	29.1%

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


1 PEI for 1 PO
	


8 sub-groups
	


300

(30)
	


300

(60)
	


300

(120)
	


300

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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


1 PEI for 1 PO
	


8 sub-groups
	


264

(57.6)
	


264

(115.2)
	


264

(230.4)
	


264

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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



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

	Power saving gain @ PO paging rate of

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

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

No need
	
28.8

57.6
	
57.6

115.2
	
115.2

230.4
	
172.8

345.6
	1
	18.1%
	18.6%
	19.6%
	20.6%

	
	
	
	
	
	
	
	2
	22.4%
	22.6%
	23.0%
	23.4%

	
	
	
	
	
	
	
	3
	28.7%
	28.7%
	28.8%
	28.9%

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


2 POs indicated by 2 PEIs
	


8 sub-groups
	


300

(57)
	


300

(108)
	


300

(192)
	


300

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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



2 POs indicated by 2 PEIs
	



8 sub-groups
	



264

(54.7)
	



264

(103.7)
	



264

(184.3)
	



264

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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



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

	Power saving gain @ PO paging rate of

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

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

99.0
	
85.0

170.0
	
125.3

250.7
	
140.3

280.6
	1
	18.0%
	18.4%
	19.2%
	20.0%

	
	
	
	
	
	
	
	2
	22.4%
	22.5%
	22.8%
	23.2%

	
	
	
	
	
	
	
	3
	28.7%
	28.8%
	29.0%
	29.1%

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



4 POs indicated by 4 PEIs
	



8 sub-groups
	



300
(103)
	



300

(177.1)
	



300

(261.1)
	



300

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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



4 POs indicated by 4 PEIs
	



8 sub-groups
	



264

(99.0)
	



264

(170.0)
	



264

(250.7)
	



264

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

	
	
	
	
	
	
	
	
2
	
21.4%
	
20.6%
	
19.0%
	
17.5%

	
	
	
	
	
	
	
	
3
	
27.2%
	
25.8%
	
23.0%
	
20.3%

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


  

	LG
	

	Panasonic
	

	Nokia
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Figure 1 Processing timeline for DCI-based EPI in low SINR. UE is paged.
[image: ]
Figure 2 Processing timeline for TRS-based EPI when an SSB is received prior to the EPI in low SINR. UE is paged.

[image: ]
Figure 3 Processing timeline for SSS-based EPI in low SINR. UE is paged.

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



[bookmark: _Ref67043973]Table 2  Energy consumption for DCI-based EPI relative to 10 % group paging rate. All numbers in %.
	Group paging rate
	Low SINR
	Medium SINR
	High SINR

	5 %
	96.9
	97.9
	98.7

	1 %
	94.5
	96.3
	97.6

	0.1 %
	94.0
	95.9
	97.4



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

	Xiaomi
	

	DOCOMO
	

	InterDigital
	

	Lenovo
	

	Ericsson
	

	Nordic
	




Since the suggested maximum subgroups number per PO is 8, we next discuss and decide how to carry subgroups indication with PEI and/or paging DCI. From companies’ inputs, there are the following possible indication methods:  


	PEI candidate
	PEI indication
	Paging DCI indication
	Companies suggesting the subgroups indication design with a given PEI candidate

	PDCCH-based PEI
	All associated subgroups to one PEI
	N/A
	7 companies: 
ZTE, HW, vivo, CATT, QC, MTK, Nokia

	TRS/CSI-RS based PEI
	PO paging indication
	Subgroups in a PO
	3 companies:
MTK,
ZTE (if lower resource overhead prioritized), HW (if lower resource overhead prioritized)

	
	All associated subgroups to one PEI
	N/A
	6 companies:
CATT, QC, Intel, Samsung,
ZTE (if lower UE power prioritized),
HW (if lower UE power prioritized)

	SSS-based PEI
	PO paging indication
	Subgroups in a PO
	3 companies:
MTK,
ZTE (if lower resource overhead prioritized), HW (if lower resource overhead prioritized)	

	
	All associated subgroups to one PEI
	N/A
	3 companies:
QC,
ZTE (if lower UE power prioritized),
HW (if lower UE power prioritized)



By the above, carrying subgroups indication only in PEI looks a good way forward, as LTE UE-sub-grouping enhancement which is based on idle-mode WUS. The following proposal is therefore suggested:

FL-[Q3.2-1]
Proposal:
a) For Rel-17 UE subgrouping for paging enhancement, subgroups indication is by PEI only.
b) Subgroups indication is not provided by physical layer if PEI is not configured.


FL comment: From companies’ contributions, subgroups indication is carried by PEI only for the case of PDCCH-based PEI. Companies still desire to discuss how to jointly provide subgroups indication jointly by sequence-based PEI and paging DCI. Therefore, the following updated proposal is suggested:


Updated Proposal:
For Rel-17 UE subgrouping enhancement and for PDCCH-based PEI, 
a) Subgroups indication is by PEI only
b) Subgroups indication is not provided by physical layer if PEI is not configured.


This proposal is not further discussed. But from the subgroups indication design proposal, companies will further focus on the design carrying subgroups indication all in PEI. Whether and how subgroups indication can be provided when PEI is not configured will be further discussed and decided next meeting (RAN1 #106-e)

Further Specification for PEI candidates based on PDCCH, TRS/CSI-RS and SSS
In Table 8, companies’ inputs on further design details are collected:

[bookmark: _Ref72330631]Table 8: Companies’ inputs on further design details
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc4646][bookmark: _Toc71707436][bookmark: _Toc68621489][bookmark: _Toc12351][bookmark: _Toc16936][bookmark: _Toc8943][bookmark: _Toc25809][bookmark: _Toc71707438]Proposal 5: The system information change and availability indication of periodic TRS can be conveyed by PEI.
Proposal 7: Associating a PEI with multiple POs should be supported.
[bookmark: _Toc20242][bookmark: _Toc31573][bookmark: _Toc20291][bookmark: _Toc1968][bookmark: _Toc9395][bookmark: _Toc1344][bookmark: _Toc29815]Observation 29: It needs to be discussed whether the number of POs associated with one PEI is fixed in specification or configurable.
[image: ]
Figure 10 Bit structure of DCI-based PEI
[bookmark: _Toc71707439]Proposal 8: For DCI-based PEI, bitmap can be used to indicate the sub-grouping information.
[bookmark: _Toc22246][bookmark: _Toc27684][bookmark: _Toc22759][bookmark: _Toc29653][bookmark: _Toc23246][bookmark: _Toc5420]Observation 30: Multi-beam can be considered for PEI, and the QCL information of the PEI can be associated with a SSB.
[bookmark: _Toc71707440]Proposal 9: The PEI reception window is used to determine the PEI occasion, and a time offset should be configured between the start of PEI reception window and the associated PO.

[image: ]
Figure 11 Mapping between PEI and POs



	Huawei, HiSilicon
	[image: ]
a. PEI locates behind the nearest SS burst before PO.

[image: ]
b. PEI locates behind the third nearest SS burst before PO which can save two SS burst reception for bad coverage UEs

[image: ]
c. PEI locates behind the third nearest SS burst before PO which introduces a short time deep/light sleep and power state transition for good coverage UE

[image: ]
d. Multiple PEI transmissions for one PO
[bookmark: _Ref67597265]Figure 5. Idle mode UE procedures with respect to different PEI locations.

Observation 20: Considering there are different UEs in a cell, there can be multiple PEI occasions indicating the same PO.

[image: ]
[bookmark: _Ref67599455]Figure 6. Monitoring occasion for PEI.
Observation 21: A monitoring window and a small offset between the SS burst and the monitoring window can be specified for the PEI design.

[image: ]
[bookmark: _Ref70447571]Figure 7 Reuse DCI format 2_6 for PEI transmission
Observation 22: DCI format 2_6 with appropriate modification can be used to transmit PEI for idle/inactive mode UEs.
 

	vivo
	

Figure 6: The configuration for PEI occasion.
[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.
Observation 14: 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 15: 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.


	Spreadtrum 
	Proposal 3: If DCI-based PEI is supported in R17 with Behv-A, new DCI format is a starting point.

Proposal 4: If DCI-based PEI is supported in R17 with Behv-B, extending DCI format 2_6 is a starting point.
 

	CATT
	[image: ]
Figure 9: TRS-based PEI with Multi-segment orthogonal cover
Proposal 4: The number of code points generated from multi-segment orthogonal cover is up to 222 to indicate either or all paging subgroup/subgroup combination, paging occasions/occasions combination, and TRS/CSI-RS resource availability indication with the same detection performance.


	CMCC
	Proposal 5. For UE-ID based subgrouping, the subgroup index for one UE can be calculated as floor[UE_ID/(N*Ns)] mod n, where n is the number of subgroups in one PO.



Figure 2. Potential PDCCH based PEI time domain resource allocations



Figure 3. PDCCH based PEI time domain resource allocations when SSB and PEI are in the same slots

Proposal 7. PDCCH-based PEI can be behind or within the slots of first SS burst.

Proposal 8. A new search space can be defined for PDCCH-based PEI monitoring.
 

	Qualcomm 
	

	OPPO
	Proposal 3: Reuse the existing DCI format or specify a new DCI format for paging early indication, if DCI-based indication is considered.



Figure 8 PEI monitoring time before PO

Proposal 5: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PDCCH for detecting a PEI.



	Intel 
	Specification Impact
TRS based PEI design can be based on Rel-15 legacy TRS pattern, whereas PDCCH based PEI will likely require introduction of a new DCI format. 


	Apple
	
· If we consider the support of sub-grouping, the idea is that we can have a high group paging rate but a much lower sub-group paging rate, so that each UE belonging to a certain sub-group needs to wake up only when the sub-group is paged. However, if a PO has a mix of legacy and new UEs, even though the new UEs has a reduced sub-group paging rate, the legacy UEs still need to receive the paging PDSCH according to the much higher group paging rate, which results in more power consumption for the legacy UEs. If we allow the legacy and new UEs to be separated, the sub-grouping feature can be fully utilized for the new UEs, without any negative impact on the legacy UEs.
· If a PO has legacy UEs only, there is no need for a network to transmit PEI. This is in contrast to the case where each PO has a mix of legacy and new UEs, and PEI always needs to be transmitted. This further reduces the unnecessary overhead.
This can be achieved by providing separate parameters for the number of paging frames and offset for the new UEs.

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


	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.
 

	Samsung
	

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

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

[image: ]
Figure 3: Illustration of PEI occasion association

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

	LG
	Observation 3: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 

Observation 4: 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 

Observation 5: A PEI occasion may be consist of multiple monitoring occasions to support multi-beam operation.

Observation 6: When one PEI is associated with multiple POs, using the first PO within the SS burst period as a reference point for the PEI occasion would be beneficial from power saving perspective.

Proposal 4: 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 

 

	Panasonic
	

	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.

Proposal: A single EPI should be able to address multiple POs to reduce EPI (PDCCH) indication overhead.

Proposal: The monitoring occasions defined for PDCCH-EPI are defined by search space configuration. The paging search space (‘pagingSearchSpace’) configuration could be re-used for EPI.

Proposal: Define the reference location for EPI monitoring, EPI frame (EPI-F), based on offset to PF. Offset could be defined in radio frames.

Proposal: Define a PO specific offset (EPI-O) in relation to EPI monitoring reference location (EPI-F). Offset could be defined in symbols.

Proposal: Determine the valid PDCCH-EPI monitoring occasions from the search space configuration (e.g. ‘pagingSearchSpace’) based on monitoring occasion timing indicated by EPI-F and EPI-O and number of actually transmitted SSBs.

Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the EPI is active.

Proposal: The PDCCH-PEI configuration needs to provide for each PO the location of the sub-grouping field. The size of the sub-grouping field could be common for all EPIs in the cell.

Proposal: The TRS occasion availability indication in PDCCH-EPI can be configured in cell specific manner, providing the location and size of the information field.

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



	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.



	DOCOMO
	Observation 1: If UE needs to monitor PO for SI change and/or ETWS in the case of configuring PEI, it causes additional UE power consumption.

Proposal 1: It should be considered that ETWS and SI update is indicated via PEI. 

Observation 2: Availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by DCI-based PEI.

Proposal 4: 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)
 

	InterDigital
	

	Lenovo
	Proposal 1: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
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: _Toc71665056]Observation 7  Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signaling overhead.
[bookmark: _Toc7813649][bookmark: _Toc71665140]
Proposal 5  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: _Toc71665141][bookmark: _Hlk61081429]
Proposal 6  For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
[bookmark: _Toc71665057]
[bookmark: _Toc71665058][bookmark: _Toc54381099]Observation 8  As PEI is only monitored in RRC Idle/inactive states where only fallback DCI is used, a DCI based PEI does not impact DCI size budget of up to 4 for a cell.

[bookmark: _Toc71665144]Observation 9   PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.

Proposal 9  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.

[bookmark: _Toc71665061]Observation 12  Irrespective of PEI format, from the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.

[bookmark: _Toc71665145]Proposal 10  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: _Toc71665146]
Proposal 11  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: _Toc71665147]
Proposal 12  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-3:  If TRS are validated in PEI, a UE expects that TRS are present between PO and PEI in time domain. 

Observation-8: There is always 6bits 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.

[image: ]


Proposal-4: A paging PDCCH for group N contains in addition to R16 content for group M:
· One bit to indicate availability/unavailability of TRS for UE-group N,
· up to at least 8 sub-groups of UE-group N using 4 or 8 (when available) bits to indicate which sub-groups of group N are to wake up for upcoming PO
· where location of paging occasion of UE group M is [x] frame before PO of group N.

Observation-9: 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. 
· UE needs to support only single DCI format in Idle mode. 








From companies’ inputs, the following topics can be discussed and decided in this meeting:

1. Determination of PEI monitoring occasions (MOs)
2. Whether to include additional indications in PEI
3. Collection of remaining details for further decisions:
· PDCCH-based PEI: DCI format design alternatives
· TRS-based PEI: Sequence generation alternatives
· SSS-based PEI: New multi-symbol format, sequence generation, avoidance of impact to neighbor cell initial access, etc.

For the first topic, it is commonly expected PEI MO(s) should be earlier than the associated PO by a time gap. Also “how near” to a SS burst is one important design consideration. This effectively brings the concept of “monitoring window”. Consequently, the following proposal is suggested:

FL-[Q4-1]
Proposal:
UE determination of PEI monitoring occasion(s) (MO(s)) for a target PO is specified by both of the following:
a) Possible PEI MOs broadcasted by gNB via system information
b) A monitoring time window before the target PO
· FFS: Description on the time window, e.g., including minimum time gap between PEI and the target PO and whether and how to specify time offset from a SS burst.


For the second topic, additional indication looks a unique characteristics of PDCCH-based PEI where some spared payload bits (e.g., 4 spared bits in PDCCH-based PEI with 12-bit payload to indicate 8 subgroups in a PO). In particular, TRS availability indication and SI update/ETWS indication are of support, and the following proposals are suggested:

FL-[Q4-2]
Proposal:
If PDCCH-based PEI is selected for Rel-17 paging enhancement, the following additional indications are supported:
a) TRS information for idle/inactive-mode UEs
· Up to [2] bits and indication detail should be designed in Agenda Item 8.7.1.2
b) SI update indication and/or ETWS indication
· Up to [2] bits and FFS detailed content design


For the 3rd topic, we can separate more specific proposals for different PEI physical-layer candidates:

FL-[Q4-3]
Proposal:
If PDCCH-based PEI is selected for Rel-17 paging enhancement, DCI payload design is based on
· Alt 1: Extending DCI format 2_6 with PS_RNTI
· Note: Coexistence with connected-mode UE utilizing DCI format 2_6 should be ensured
· Alt 2: Extending DCI format 1_0 with P_RNTI for paging early indication
· Alt 3: Create a new DCI format with P-RNTI for Rel-17 paging enhancement

FL-[Q4-4]
Proposal:
If TRS/CSI-based PEI or SSS-based PEI is selected for Rel-17 paging enhancement, FFS sequence generation with P-RNTI and subgroups indication, subject to no impact to legacy serving-cell and neighbour-cell UEs.


This part is not discussed due to pending decision on PEI physical-layer channel/signal. To accommodate UE feature discussion expected to be started after Aug meeting, decisions should be made on further design details once making the final decision on PEI physical-layer channel/signal.


[bookmark: _Ref68686484]Summary

In Table 9, companies’ views on overall recommendation are collected:

[bookmark: _Ref72334621]Table 9: Companies’ views on overall recommendation
	Company
	Company Views

	ZTE, Sanechips
	[bookmark: _Toc29669][bookmark: _Toc22872][bookmark: _Toc18361][bookmark: _Toc20747][bookmark: _Toc14378]Observation 6: DCI-based PEI with AL adaptation provides more flexibility and better coverage.
[bookmark: _Toc6779][bookmark: _Toc25214][bookmark: _Toc11255][bookmark: _Toc1985][bookmark: _Toc6845][bookmark: _Toc14529]Observation 28: Compared with sequence-based PEI, DCI-based PEI has less workload.  

Table 12 Comparison between DCI-based PEI and SSS/TRS-like PEI
	
	DCI-based PEI
	SSS/TRS-like PEI

	Performance
	Better performance and coverage.
· Performance can be further improved with ML decoding
	SSS-like PEI based on legacy pattern CANNOT meet the performance requirement;
Two-symbol TRS-like PEI meet the performance requirement of PDSCH with TB scaling 1;

	Power saving gain
	Almost the same.

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

	Flexibility
/capacity
	High flexibility. DCI-based PEI can flexibly adapt to different number of sub-groups, POs, and paging PDSCH TBS scaling factors.
	Low flexibility. Carrying information corresponding to multiple POs and sub-groups at the resource overhead 

	System impact
	1)Capable of carrying more information, such as,
· SI change and ETWS,
· TRS availability indication.
2) No impact on the existing signals and 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 and multiple POs are supported
· sequence generation, 
· resource mapping, 
· Co-existence with legacy signals/channels


[bookmark: _Toc16864][bookmark: _Toc8020][bookmark: _Toc68621490][bookmark: _Toc20529][bookmark: _Toc10853][bookmark: _Toc71707437][bookmark: _Toc29204]
Proposal 6: Adopt DCI-based PEI to reduce the paging reception for RRC idle/inactive state UE. 
   

	Huawei, HiSilicon
	Proposal 2: Adopt DCI carried by PDCCH as the physical layer channel for PEI indication in Rel-17.


	vivo
	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
(Alt1-behavior A)
	SSS 1 symbol 
	TRS 1 symbol 
	PDCCH AL 8 (40bits); 
PDCCH AL 4 (12 or 40 bits)

	
	
	
	PDCCH AL 8 (12bits)

	
	SSS 2, 4 symbols 
	TRS 2, 4 symbols 
	PDCCH AL 16 (12 or 40 bits)

	Performance
 (Alt2-behavior A)
	SSS 1 symbol 
	TRS 1 symbol 
	PDCCH AL 16 (40bits)
PDCCH AL 8 (12 or 40bits); 
PDCCH AL 4 (12 or 40 bits)

	
	SSS 2 symbols
	TRS 2 symbols
	PDCCH AL 16 (12bits)

	
	SSS 4 symbols
	TRS 4 symbols
	

	Resource overhead
(behavior A)
	25.4/50.8 for 2/4 symbols for 1 PO to 1 PEI mapping
	28.8/57.6 for 2/4 symbols for 1 PO to 1 PEI mapping
	57.6/115.2 for AL 8/16 for 1 PO to 1 PEI mapping;

	
	
	
	54.72/109.4 for AL 8/16 for 2 POs to 1 PEI mapping

	Coexistence
	Semi-static or dynamic PDSCH occupation
	Semi-static or dynamic PDSCH occupation
	Semi-static or dynamic PDCCH occupation



Proposal 6: Sequence (i.e., SSS-like or TRS-like) should be adopted for PEI design.


	Spreadtrum 
	Proposal 2: If two PEI candidate schemes should be down selected, DCI-based PEI and SSS-based PEI are selected.
Proposal 3: DCI-based PEI is supported in R17.


	CATT
	

	CMCC
	Table 1. Comparison of three PEI candidate designs
	
	PDCCH-based
	SSS-based
	TRS/CSI-RS-based

	Coexistence complexity
	Easy, UE’s mandatory capability to support both semi-static and dynamic rate matching
	Harder, gNB should configure a fake CORESET for dynamic rate matching
	Easy, UE’s mandatory capability to support both semi-static and dynamic rate matching

	UE (sub)group indication capacity
	Largest
	Small 
	Small

	Average resource overhead (Behv-A)
	AL=4: Smallest 
AL=8: Larger than others but comparable 
	Medium
	Medium

	Average resource overhead (Behv-B)
	AL=4: Smallest 
AL=8: Larger than others but comparable
	Large 
	Large



Proposal 1. PDCCH-based PEI is preferred.
 

	Qualcomm 
	[bookmark: P4]Proposal 4: Rel-17 PEI design is based on narrowband sequence such as the SSS 
· Availability of TRS/CSI-RS at configured occasion(s) is indicated by paging PDCCH
· How paging PDCCH and PDSCH is transmitted follows legacy rules but is not impacted by PEI.


	OPPO
	Observation 2: The SSS or TRS/CSI-RS based PEI have the cons of higher resource overhead, higher complexity and less UE sub-group information carriage.

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


	Intel 
	Overall comparison
To summarize the above discussion, in Table 2, we compare the overall comparison between TRS-like sequence-based PEI and PDCCH based PEI based on MDR performance, resource OH, coexistence considerations, and specification efforts, under the agreed evaluation methodology and assumptions. 
Table 2: Comparison of PEI designs
	PEI designs
Metrics
	TRS-like sequence-based PEI
	DCI-based PEI

	MDR Performance
	Winner
	

	Resource overhead
	Winner
	

	Coexistence
	Winner
	

	Spec effort
	Tie
	Tie




Proposal 3: Support sequence-based PEI (TRS/CSI-RS or SSS based) in Rel-17 for idle/inactive mode UE.
 

	Apple
	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.

Proposal 1: Use PDCCH to carry paging early indication.


	Sony
	Observation 1 – The cost of transition from/to deep sleep as well as synchronization cost are dominant sources of power/energy consumption.

Proposal 1 – Paging enhancement schemes should avoid the UE unnecessarily transitioning from/to sleep states and from/to synchronization states, when there is no paging for a target UE.

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


	Samsung
	

	MediaTek 
	Proposal 11: PDCCH-based PEI is adopted for the best trade-off in power saving gain and average resource overhead per PO, with and without UE subgrouping enhancement
Table 7: Initial specification for PEI candidate designs
	
	PDCCH-based PEI
	TRS/CSI-RS based PEI
	SSS-based PEI

	Channel/signal specification
	Reuse Rel-15 PDCCH

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

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

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

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

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

· Subgroup indication is not supported if PEI is not configured

	· 1 PEI indicates 1 PO

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

· Subgroup indication is not supported if PEI is not configured

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

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

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

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

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


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

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


  

	LG
	Proposal 3: Conveying PEI information using PDCCH is supported 
 

	Panasonic
	Proposal 7: To agree on functionalities of PEI and the number of bits supported by PEI, before agreeing on PDCCH, SSS or TRS/CSI-RS based design.


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

Observation: In terms of specification RAN1 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 behaviours.

Observation: For TRS-EPI there would be a need for new performance requirements for missed detection. For SSS-EPI new requirements maybe needed as current cell detection requirements cover joint detection of PSS and SSS. For PDCCH-EPI existing requirements can be re-used, similarly as for paging.

Proposal: Base the EPI design on PDCCH/DCI.
 

	Xiaomi
	The observations agreed in last RAN1 meeting are similar as the above observations, so we think at least SSS-based PEI has more impact than the others from the coexistence with legacy PDSCH and UE aspects, and it carried the least information regardless of the Behv-A or B as in the second observation.

Proposal 1: Based on the above observations, DCI-based PEI and TRS/CSI-RS based PEI can be for further discussion based on each physical layer design details.

We prefer the DCI-based PEI

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

	DOCOMO
	Table1．PEI design characteristic
	PEI Design
	Advantages
	Disadvantages

	DCI-based
	· Low false alarm due to CRC
· Information other than Wake UP notifications can be easily notified 
	· sensitive to synchronization error 


	RS/Sequence-based
	· Not sensitive to synchronization error
	· Trade-off between false alarm rate and miss detection rate



As explained in section 2.1-2.4, DCI-based PEI is better from several points of view and should be supported. Compared with RS/sequence-based PEI, DCI-based PEI has less system impact and can provide more benefits by indicating additional information.

Proposal 3: DCI-based PEI should be supported.
 

	InterDigital
	From the above results and discussion, we can conclude that TRS and 2-sybmol SSS offer better MDR than PDCCH AL 8 with almost the same overhead. Although the capacity of PDCCH is larger, this capacity is not needed for common paging rates. In addition, detection of sequence-based PEI is more power efficient, and sequences can also be used for other purposes such as AGC, time/frequency offset correction, providing further power saving gains. Therefore, we propose the following.

Proposal 1: Sequence-based paging early indication is adopted for Rel-17.


	Lenovo
	

	Ericsson
	If a DCI-based design is used for PEI, compared to the sequence-based counterpart, it:
· readily supports link adaptation with flexible payload size support and resource usage,
· is easy to support and configure multiple contents, 
· has lower standardization effort (e.g. reuse existing WUS and PDCCH framework, including the ps-Wakeup functionality to support both BehvA and BehvB functionalities (agreed in RAN1#104-e meeting)),
· 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,
· has minimum impact on other ongoing/legacy user data traffic as PDCCH is easily multiplexed and/or rate-matched around (discussed further below),
· can readily support flexible one PEI-to-many PO mapping
· is possible to extend in the future. 
[bookmark: _Toc71665051]Observation 2  A DCI-based PEI, compared to the sequence-based, can conveniently carry more information, is future extendable, brings configurable contents, has lower standardization effort.
[bookmark: _Toc71665052]Observation 3  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.


	Nordic
	Proposal-1: Support PDCCH as PEI channel.






During the email discussion, further collection on companies’ support on which PEI candidate and what are the three key supporting reasons were carried, and 12 companies show their support on PDCCH-based PEI with reasons stated. For better mutual understanding for the final decision, the table is quoted below for reference:

	Company name
	Best suggested PEI candidate
(one candidate please)
	Key supporting reasons 
(Up to 3 points please)

	LG
	PDCCH based PEI
	We think PDCCH based PEI performs better than other candidates in terms of power saving gain and network overhead saving. However it seems that companies have different understanding and observations about it. In addition to the power saving efficiency and network overhead issue, which are controversial among companies, we think PDCCH based PEI outperforms others at least from perspectives described below which should be considered for PEI design.  
 
Additional information other than UE subgrouping
: PDCCH based PEI is suitable for conveying additional information other than UE subgroup indication. As commented by several companies in 8.7.1.2, PEI based TRS availability indication is beneficial from power saving and resource overhead reduction perspectives. Moreover, if PEI can convey some contents on short messages, such as SI modification and ETWS/CMAS notification, UE can avoid unnecessary PO monitoring when it is not paged. Since the maximum 8 UE subgroups per PO can be configured in PEI as we agreed in this meeting, and the minimum input bit size for the polar code is 12, there are at least 4 spare bits that can be used for additional information. Note that 12 bit is just an example and configurable size of DCI overhead can be considered further.
Forward compatible
: Likewise other features in NR, it is expected that further power saving enhancement for the PEI can be discussed in the future release. Compare to the sequence based design, DCI based solution can provide more forward compatibility because the new/modified function can be implemented by adding/adjusting some DCI bit or field.
Less standard work
: Most of existing features for PDCCH can be reused for PDCCH based PEI. For example, coexistence issue, such as dynamic resource sharing with legacy PDCCH/PDSCH can be applied without any additional standard work. Meanwhile, as captured in the proposed observation below, sequence based PEI may require tailored sequence candidate design to insure dynamic resource sharing with legacy PDCCH.

	Huawei, HiSilicon
	PDCCH-based PEI
	1.      Sufficient bits to carry sub-group indication in PEI, which explores the most benefit of PEI feature for significant power saving gain.
2.      Dynamically share the resource of existing PDCCH and PDSCH as a transmission of PDCCH candidate. It can support both Behv-A and Behv-B to be more friendly for real deployment from network point of view.
3.      By reusing Rel-16 PDCCH physical channel, minimize the impact on UE implementation and other existing channel/functionality of legacy UEs. Most mature and converged design with minimized specification impact among the three candidates.

	 Apple
	PDCCH-based PEI 
	  1. Not much difference on power saving or overhead between PDCCH-based and sequence-based PEI. Sequence-based PEI may provide slightly more power saving, but the difference is quite small in our analysis.
2. PDCCH-based PEI has much less spec impact and less gNB/UE implementation impact compared to sequence-based PEI, because it can mostly reuse the current specs on the PEI design itself and coexistence.
3. It is much easier to use PEI to carry sub-group indication and the TRS availability indication, which provides additional power saving gain comparing to the option of using paging PDCCH to carry the same information.

	 ZTE, Sanechips
	 PDCCH based PEI
	 
The reasons are as below:
1.   Better co-existence/less impact with other signal/channel. PDCCH based PEI transmitted in CORESET can well co-exist with other channel/signal by nature according to the current spec. Besides, PDCCH based PEI can support both Behav-A and Behav-B, network can prioritize the transmission of other channel/signal when it is needed without impact on the delivery of paging message.
2.     Stable detection performance with Polar code decoding across companies’ simulation results and better performance with ML decoding. According the observations in the previous meeting, the detection performance of PDCCH based PEI with Polar code decoding is similar/converged across different companies. While for sequence based PEI, the performance gap between companies can be up to several dBs due to different ways of optimization of the detector, which would also make it difficult for RAN4 to define the performance requirement. Moreover, for PDCCH based PEI with payload size no more than (for example)12, ML decoding can be applied to further improve the performance if we would like to.
3.    Maximize the PS gain without further increasing the resource overhead.  PDCCH based PEI can be easily extended to convey more information such as 8 sub-groups per PO, multiple POs, other information such TRS availability indication. Using PDCCH based PEI can avoid unnecessary wake-up times and assist UE power saving to the utmost without further increasing the resource overhead.

	CMCC
	PDCCH based PEI
	1. High subgrouping indication capacity. Compared with TRS/CSI-RS or SSS based PEI, enough DCI bits, i.e., minimum 12bits can easily carrying subgrouping indication, and also can carrying TRS/CSI-RS availability information, ETWS, etc..
1. Less standard work effort. It is much easy to specify a new DCI format for PEI than TRS/CSI-RS or SSS, especially there are several variants about how to indicate subgroups in TRS/CSI-RS or SSS based PEI design.
1. Easy to handle dynamic conscience with PDCCH resources of Rel-15 UEs. For interleaved CORESETs, TRS/CSI-RS or SSS based PEI can only be realized only at CORESET-level granularity, which causes resource fragmentation.

	 OPPO
	 PDCCH based PEI
	1.  Much easier to use PEI to carry sub-group indication, each bit in PEI can indicate a subgroup, and also can carrying TRS/CSI-RS availability information, ETWS, etc.
2.  Much less spec impact and less gNB/UE implementation impact, it can mostly reuse the current specs on the PEI design itself and coexistence.
3. Better co-existence with other signal/channel, it can be transmitted in CORESET which can well co-exist with other channel/signal by nature according to the current spec.

	 Xiaomi
	PDCCH-based PEI 
	1) Less impact on specification, consider if sequence based is selected, it seems down selection between SSS and TRS is also difficult.
2) More information bits can be carried by PDCCH based PEI, not only for subgrouping but also for TRS available indication.
3) Less concerns, since we have only 3 meetings left, down selection should be done in this meeting, maybe the alternative which has the least concern should be the one agreed.

	Spreadtrum
	PDCCH based PEI
	1. Power saving gain: In general, the power saving gain comes from the reduction of wakeup energy overhead, including the number of SS bursts processing and the duration of light sleep. This is very like for all schemes. More specific, 1 PEI mapping to N groups (suitable for PDCCH based PEI) has potentially higher power saving gain. 1 PEI mapping to N groups allows a PEI to be placed very close to a SS burst. For example, if a PEI contains 8 groups (POs) in 2 PFs, and SS burst periodicity is 20ms, gNB can place a PEI right after each SS burst, and the time gap b/w SS burst and PEI can be no larger than 1ms, and thus UE has 90% probability to just process one SS burst and stay in light sleep during 1ms within each paging cycle.
1. Network overhead: For resource overhead without considering resource sharing, the resource overhead is related to the required number of REs per PEI (to achieve target MDR/FAR), group-paging-rate for Behv-A and the number of groups per PEI for Behv-B. For resource overhead with considering resource sharing, dynamic resource sharing is too-optimistic relying gNB scheduling or DTX, and semi-static sharing more robust. Semi-static resource sharing is more easy to be realized in Behv-B (suitable for PDCCH based PEI). For dynamic resource sharing, gNB should plan enough the reserved resource for all POs, and in worst case the reserved source needs to be utilized. Moreover, when subgroup is considered, PDCCH based PEI can support up to 8 subgroups easily.
1. UE complexity: In our view, the non-coherent detection for TRS based PEI should be implemented in frequency domain. It will have higher UE complexity or new design/test cases.

	MediaTek 
	PDCCH-based PEI
	1. Best coexistence and resource sharing with Rel-15 UEs: Any idle-mode feature should ensure coexistence and resource sharing with Rel-15 UEs with minimum impact. By virtue of UE blind decoding for PDCCH, PDCCH-based PEI is the only PEI that can realize dynamic resource sharing with Rel-15 UEs without the need of additional gNB DCI indication. Multiplexing with legacy PDCCH also follows Rel-15 practice. On the other hand, dynamic RB-symbol rate-matching for SSS-based PEI can only realize CORESET-wise exclusive resource occupation, and dynamic RE-level rate-matching for TRS/CSI-RS-based PEI will impact Rel-15 PDSCH not scheduled by DCI format 1_1 (since Rel-15 UEs always assumes the REs are available irrespective of whether PEI is transmitted or not). Both resource sharing requires “smart gNB handling” and additional gNB DCI indication to legacy UEs, which make the two features difficult to be promoted to and deployed in real NR networks.
1. Best performance guarantee: From Observation 2a agreed in RAN1 #104-bis-e, PDCCH-based PEI has least configurations, meaning most consistent performance results from companies contributions. On the other hand, there are diverse configurations and UE (sub)group indication capacity identified for sequence-based PEI. The fundamental issue is that “non-coherent” sequence detection hasn’t been specified for NR in RAN4 specification. What if the performance benefits claimed by proponents of sequence-based PEI become different when being specified in RAN4 with much conservative UE capability assumption, not to mention there will be considerable RAN4 specification effort in defining the requirements for the new “non-coherent” detection scheme and in channel conditions with very wild residue CFO? 
1. Best UE power saving gain and resource overhead trade-off with UE subgrouping: The principle of paging early indication is to minimize power consumption for the case UE is not paged. Carrying subgroups indication for 8 subgroups per PO is readily supported according to what identified in Observation 2a of RAN1 #104-bis-e. This also minimizes UE false paging rate and reduce the overall power consumption when UE is not paged. To support indication 8 subgroups per PO with dynamic resource sharing, SSS-based PEI consumes CORESET-wise resource and TRS/CSI-RS based PEI needs to bundle multiple RS resources in the same aperiodic ZP-CSI-RS resource set which changes the resource sharing granularity from 288 REs to 2304 REs. Note that the estimation is based on Observation 2a where only 1-bit UE (sub)group indication capacity has more than one supporting company. Have this considered, we suggested sequence-based PEI provide only PO paging indication to save resource, but the resulting power saving gains become inferior (please check Tables 3 – 5 in R1-2105386) for more details. In summary, we see the indication capacity of PDCCH-based PEI becomes a useful characteristics to achieve better power saving and resource utilization trade-off when UE –subgrouping enhancement is jointly considered. 


	NordicSemi
	PDCCH-based PEI
	We support PDCCH-based PEI for the following reasons
1. It has low implementation effort at UE side, every UE can currently receive  PDCCH in TYPE0 CSS  in IDLE.  Same cannot be concluded for TRS and SSS other than cell-defining SSB, since reception of those is not required currently.
1. Power saving gain is comparable to sequence based, we see that PDCCH can be received with course synchronization.
1. PEI can carry subgrouping and TRS validation, which facilitate further power saving.


	Nokia
	PDCCH-based PEI
	1. PDCCH-based EPI multiplexing with Connected Mode UEs is most straight forward; As raised in several occasions PDCCH based PEI offers most straightforward coexistence with CONNECTED mode UEs (Rel-15/16/17), accounting also power saving /resource overhead
1. PDCCH based EPI offers the best flexibility in terms of information payload support; PDCCH based PEI c.an support sub-grouping as well as TRS availability. Also the possibility to extent the content in future could provide useful.
1. Given the timeline, we also think it is important to consider the required specification effort. As noted PDCCH based design would be most straight forward to specify


	Ericsson
	PDCCH-based PEI
	Efficiently supports subgrouping needs identified by RAN2 and other contents (e.g. TRS availability), flexible payload size/resources, one-PEI-to-many-PO mapping, etc, while considering power savings, resource overhead and legacy/system impact, etc

Better multiplexing capability with legacy channels/signals

Can be completed in the very limited time left for this work item which already has a lot more expanded scope than originally anticipated.




Additionally, companies’ power saving results are further collected for comparing different PEI candidate designs in the following table:


Agreement
Observation:
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:

	UE subgroups in a PO

	PEI candidate type (PDCCH, SSS, TRS/CSI-RS)
	#SS burst(s) before PO in Rel-16 baseline
	PO paging rate
	Power Saving Gain
	Company
	Assumed #SS burst(s) before PEI
	Assumed #SS burst(s) between PEI and PO when UE is paged

	1
	PDCCH
	1
	10%
	8.95%
	Samsung
	1
	0

	
	
	
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	[16.32%]
	Intel
	1
	[1]

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	2.16%
	Samsung
	2
	0

	
	
	
	10%
	5.0%
	QC
	1
	1

	
	
	
	10%
	15.60%
	Intel
	2
	0

	
	
	
	10%
	15.64%
	Samsung
	1
	1

	
	
	
	10%
	19.5%
	MTK
	1
	1

	
	
	
	10%
	22.5%
	ZTE
	1
	1

	
	
	
	10%
	[24.938%]26.14%
	Intel
	1
	1

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	1

	
	
	3
	10%
	1.88%
	Samsung
	3
	0

	
	
	
	10%
	5.83%
	CATT
	3
	0

	
	
	
	10%
	13.92%
	Intel
	3
	0

	
	
	
	10%
	15.7%
	QC
	1
	2

	
	
	
	10%
	25.5%
	MTK
	1
	2

	
	
	
	10%
	25.33%
	Samsung
	1
	2

	
	
	
	10%
	26.3%
	Apple
	1
	2

	
	
	
	10%
	29.6%
	DoCoMo
	1
	2

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	33% - 37%
	Ericsson
	1
	2

	
	
	
	10%
	[31.75%]32.82%
	Intel
	1
	2

	
	
	
	40%-60%
	12.5%
	DoCoMo
	1
	2

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	
	SSS or TRS/CSI-RS (same results)
	1
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.4%
	Samsung
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	17.67%
	Intel
	1
	0

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	5.0%
	QC
	1
	0

	
	
	
	10%
	6.3%
	QC
	0
	1

	
	
	
	10%
	20.49%
	Samsung
	1
	0

	
	
	
	10%
	20.7%
	MTK
	1
	0

	
	
	
	10%
	22.5%
	ZTE
	1
	0

	
	
	
	10%
	27.33%
	Intel
	1
	0

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	0

	
	
	3
	10%
	15.7%
	QC
	1
	0

	
	
	
	10%
	17.8%
	QC
	0
	1

	
	
	
	10%
	26.6%
	MTK
	1
	1

	
	
	
	10%
	27.9%
	Apple
	1
	0

	
	
	
	10%
	30.19%
	CATT
	1
	0

	
	
	
	10%
	30.84%
	Samsung
	1
	0

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	34.96%
	Intel
	1
	0

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	8
	PDCCH
	1
	10%
	11.31%
	Samsung
	1
	0

	
	
	
	10%
	11.9%
	CMCC
	1
	0

	
	
	
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	18.0%
	MTK
	1
	0

	
	
	
	20%-35%
	11.89%
	Samsung
	1
	0

	
	
	
	20%-35%
	12.04%
	CMCC
	1
	0

	
	
	
	20%-35%
	18.40%
	MTK
	1
	0

	
	
	
	40%-60%
	19.20% - 20.00%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	1

	
	
	
	10%
	20.36% - 31.70%
	HW
	1
	1

	
	
	
	10%
	22.40%
	MTK
	1
	1

	
	
	
	10%
	25.40%
	ZTE
	1
	1

	
	
	
	20%-35%
	22.50%
	MTK
	1
	1

	
	
	
	20%-35%
	20.71% - 31.95%
	HW
	1
	1

	
	
	
	40%-60%
	20.73% - 31.64%
	HW
	1
	1

	
	
	
	40%-60%
	22.80% - 23.20%
	MTK
	1
	1

	
	
	
	40%-60%
	25.40% - 25.70%
	ZTE
	1
	1

	
	
	3
	10%
	17.9%
	QC
	1
	2

	
	
	
	10%
	22.65%
	CMCC
	1
	2

	
	
	
	10%
	28.70%
	MTK
	1
	2

	
	
	
	10%
	30.65% - 42.19%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	23.08%
	CMCC
	1
	2

	
	
	
	20%-35%
	28.80%
	MTK
	1
	2

	
	
	
	20%-35%
	30.72% - 42.12%
	HW
	1
	2

	
	
	
	40%-60%
	29.00% - 29.10%
	MTK
	1
	2

	
	
	
	40%-60%
	29.42% - 42.11%
	HW
	1
	2

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	SSS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	18.53%- 28.90%
	HW
	1
	1

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	16.98% - 26.18%
	HW
	1
	1

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	10.70% - 20.77%
	HW
	1
	1

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	27.69% - 38.11%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.15% - 34.49%
	HW
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	40%-60%
	14.30% - 26.7%
	HW
	1
	2

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	TRS/CSI-RS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	10%
	18.08%
	Samsung
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	20%-35%
	18.54%
	Samsung
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	19.99% - 30.66%
	HW
	1
	0

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	19.93% - 29.79%
	HW
	1
	0

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	
	40%-60%
	19.34% - 26.11%
	HW
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	29.05% - 39.74%
	HW
	1
	1

	
	
	
	10%
	31.55%
	CATT
	1
	0

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	20%-35%
	27.72% - 37.54%
	HW
	1
	1

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	21.90% - 32.78%
	HW
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2




From the above table, the power saving gain results have strong relation to the assumptions of UE processing timeline, particularly the following two factors:
a) Assumed #SS burst(s) before PEI	
b) Assumed #SS burst(s) between PEI and PO when UE is paged

Factor a) is related to the synchronization requirement before PEI detection. Results with small power saving gains generally assume more SS bursts before PEI detection, meaning smaller residue CFO is required before the detection of some PEI candidate. On the other hand, it is noticed that [-0.5 0.5] ppm residue CFO before PEI detection is commonly assumed in companies’ performance evaluations in identifying the physical layer configurations that can comply with the agreed performance targets, as captured in Observation 2a of RAN1 #104-bis-e. In this regard, consistency in the assumption of #SS burst(s) before PEI should be considered for comparing the power saving gains of different PEI candidates.

For UE idle-mode operations, the following should be taken into consideration even if PO monitoring is not required:
· After initial access to a cell, UE should keep tracking coarse timing and frequency offset of the serving cell; otherwise, UE will frequently re-do initial access due to free-running drifts in timing and frequency offset.
· UE is required to measure the SS-RSRP and SS-RSRQ level of the serving cell at least once every DRX cycle for FR1, according to Section 4.2.2.2 of TS 38.133, and coarse time and frequency synchronization is also required to comply with the measurement accuracy requirement
· If at least one SS burst (>1 if 1st SS burst is only assumed for AGC only) should be processed to provide coarse time and frequency synchronization, the following contributions in RAN1 #103-e shows how the residue CFO can be confined at -6 dB SNR
· R1-2007869 (CATT): Table 1 shows one SS burst can reduce initial CFO of 1 ppm to 0.6 ppm
· Note: 1st SS burst only provides AGC and timing, and coarse frequency offset estimation is based on 2nd SS burst
· R1-2008175 (Samsung): Figure 4 shows one SS burst can reduce initial CFO of 1 ppm to a residue CFO with mean value <0.15 ppm and STD value ~0.1 ppm
· R1-2008964 (MTK): Figure 2 shows 1 SS burst can confine residue CFO STD value < 600 Hz, corresponding a residue CFO range of [-0.26, 0.26] ppm @ 4 GHz carrier center frequency

By the above, the following can be referred when checking the power saving gain observations:
· Minimum UE idle-mode operations include coarse time and frequency synchronization as well as serving cell measurement, which implies the required number of SS burst(s) when UE is not paged should be common for all PEI candidates.
· Coarse time and frequency based on SS burst(s) can guarantee residue CFO within 0.26 ppm to 0.6 ppm, according to companies’ contributions submitted to RAN1 # 103-e. 
· Companies’ PEI performance evaluations based on [-0.5 0.5] ppm reasonably take into account the provided analysis on residue CFO after SS-burst-based coarse frequency synchronization.

For the number of assumed SS burst(s) between PEI and PO, companies have diverse views in how many SS burst(s) can be saved when a sequence-based PEI is applied. On the other hand, according to the following agreement in Agenda Item 8.7.1.2, the number of SS burst(s) between PDCCH-based PEI and PO can also be reduced when TRS is indicated available via PDCCH-based PEI, which can be considered as both features are applicable to idle-mode UEs.
 
	Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB



[bookmark: _GoBack]Finally companies are encouraged to jointly check all the agreed observations in RAN1 #104-bis-e and RAN1 #105, as collected in Appendix, and justify the conditions for the achieved metrics so as to be confident in the final decision on PEI physical layer channel/signal in RAN1 #106-e:

Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
1. PDCCH-based PEI
1. SSS-based PEI
1. TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences
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Agreements Related to PEI Comparison

· Identified physical-layer configurations with minimum impact to paging PDSCH performance:
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)




· Coexistence and resource sharing with Rel-15 UEs:
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


Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
0. For PDCCH-based PEI, 
3. PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
0. Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
0. For SSS-based PEI and for the case of partial overlap of CORESET and PEI
4. For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
4. For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
1. Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
0. For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
5. For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
5. For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
5. Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)

· Average resource overhead per PO and the corresponding conditions:

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.
1. The average overhead results are based on PO settings without impact from UE sub-grouping indication within the PO.
1. 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.
1. 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




1. 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




· Subgroups indication requirement and design:

Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
4. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
5. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
6. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
6. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
6. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span


· UE power saving gains:
· Please also note the discussion in the end of Section 5, i.e., Summary Section 

Agreement
Observation:
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:

	UE subgroups in a PO

	PEI candidate type (PDCCH, SSS, TRS/CSI-RS)
	#SS burst(s) before PO in Rel-16 baseline
	PO paging rate
	Power Saving Gain
	Company
	Assumed #SS burst(s) before PEI
	Assumed #SS burst(s) between PEI and PO when UE is paged

	1
	PDCCH
	1
	10%
	8.95%
	Samsung
	1
	0

	
	
	
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	[16.32%]
	Intel
	1
	[1]

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	2.16%
	Samsung
	2
	0

	
	
	
	10%
	5.0%
	QC
	1
	1

	
	
	
	10%
	15.60%
	Intel
	2
	0

	
	
	
	10%
	15.64%
	Samsung
	1
	1

	
	
	
	10%
	19.5%
	MTK
	1
	1

	
	
	
	10%
	22.5%
	ZTE
	1
	1

	
	
	
	10%
	[24.938%]26.14%
	Intel
	1
	1

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	1

	
	
	3
	10%
	1.88%
	Samsung
	3
	0

	
	
	
	10%
	5.83%
	CATT
	3
	0

	
	
	
	10%
	13.92%
	Intel
	3
	0

	
	
	
	10%
	15.7%
	QC
	1
	2

	
	
	
	10%
	25.5%
	MTK
	1
	2

	
	
	
	10%
	25.33%
	Samsung
	1
	2

	
	
	
	10%
	26.3%
	Apple
	1
	2

	
	
	
	10%
	29.6%
	DoCoMo
	1
	2

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	33% - 37%
	Ericsson
	1
	2

	
	
	
	10%
	[31.75%]32.82%
	Intel
	1
	2

	
	
	
	40%-60%
	12.5%
	DoCoMo
	1
	2

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	
	SSS or TRS/CSI-RS (same results)
	1
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.4%
	Samsung
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	17.67%
	Intel
	1
	0

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	5.0%
	QC
	1
	0

	
	
	
	10%
	6.3%
	QC
	0
	1

	
	
	
	10%
	20.49%
	Samsung
	1
	0

	
	
	
	10%
	20.7%
	MTK
	1
	0

	
	
	
	10%
	22.5%
	ZTE
	1
	0

	
	
	
	10%
	27.33%
	Intel
	1
	0

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	0

	
	
	3
	10%
	15.7%
	QC
	1
	0

	
	
	
	10%
	17.8%
	QC
	0
	1

	
	
	
	10%
	26.6%
	MTK
	1
	1

	
	
	
	10%
	27.9%
	Apple
	1
	0

	
	
	
	10%
	30.19%
	CATT
	1
	0

	
	
	
	10%
	30.84%
	Samsung
	1
	0

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	34.96%
	Intel
	1
	0

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	8
	PDCCH
	1
	10%
	11.31%
	Samsung
	1
	0

	
	
	
	10%
	11.9%
	CMCC
	1
	0

	
	
	
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	18.0%
	MTK
	1
	0

	
	
	
	20%-35%
	11.89%
	Samsung
	1
	0

	
	
	
	20%-35%
	12.04%
	CMCC
	1
	0

	
	
	
	20%-35%
	18.40%
	MTK
	1
	0

	
	
	
	40%-60%
	19.20% - 20.00%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	1

	
	
	
	10%
	20.36% - 31.70%
	HW
	1
	1

	
	
	
	10%
	22.40%
	MTK
	1
	1

	
	
	
	10%
	25.40%
	ZTE
	1
	1

	
	
	
	20%-35%
	22.50%
	MTK
	1
	1

	
	
	
	20%-35%
	20.71% - 31.95%
	HW
	1
	1

	
	
	
	40%-60%
	20.73% - 31.64%
	HW
	1
	1

	
	
	
	40%-60%
	22.80% - 23.20%
	MTK
	1
	1

	
	
	
	40%-60%
	25.40% - 25.70%
	ZTE
	1
	1

	
	
	3
	10%
	17.9%
	QC
	1
	2

	
	
	
	10%
	22.65%
	CMCC
	1
	2

	
	
	
	10%
	28.70%
	MTK
	1
	2

	
	
	
	10%
	30.65% - 42.19%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	23.08%
	CMCC
	1
	2

	
	
	
	20%-35%
	28.80%
	MTK
	1
	2

	
	
	
	20%-35%
	30.72% - 42.12%
	HW
	1
	2

	
	
	
	40%-60%
	29.00% - 29.10%
	MTK
	1
	2

	
	
	
	40%-60%
	29.42% - 42.11%
	HW
	1
	2

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	SSS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	18.53%- 28.90%
	HW
	1
	1

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	16.98% - 26.18%
	HW
	1
	1

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	10.70% - 20.77%
	HW
	1
	1

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	27.69% - 38.11%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.15% - 34.49%
	HW
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	40%-60%
	14.30% - 26.7%
	HW
	1
	2

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	TRS/CSI-RS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	10%
	18.08%
	Samsung
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	20%-35%
	18.54%
	Samsung
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	19.99% - 30.66%
	HW
	1
	0

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	19.93% - 29.79%
	HW
	1
	0

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	
	40%-60%
	19.34% - 26.11%
	HW
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	29.05% - 39.74%
	HW
	1
	1

	
	
	
	10%
	31.55%
	CATT
	1
	0

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	20%-35%
	27.72% - 37.54%
	HW
	1
	1

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	21.90% - 32.78%
	HW
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2




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	



Case4: TRS-based PEI with sub-grouping and Case 1 as baseline
列1	1	2	4	8	16	32	64	0.3019	0.30969999999999998	0.31359999999999999	0.3155	0.31659999999999999	0.31709999999999999	0.31730000000000003	Number of Sub-group

Power Saving Gain


Case4: TRS-based PEI with sub-grouping and Case 3 as baseline
列1	1	2	4	8	16	32	64	0	1.2E-2	1.7000000000000001E-2	0.02	2.1000000000000001E-2	2.1999999999999999E-2	2.2100000000000002E-2	Number of Sub-group

Power Saving Gain


Case4:TRS-based PEI with sub-grouping
10%	
Paging rate	6.2E-4	40%	
Paging rate	2.01E-2	
Power Saving Gain
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Table 7.3.1.2.1-1: Short Message indicator

Bit field Short Message indicator
00 Reserved
01 Only scheduling information for Paging is present in the DCI
10 Only short message is present in the DCI
11 Both scheduling information for Paging and short message are present in the DCI





