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1 [bookmark: _Ref40465791]Introduction
In the RAN1 #104-e meeting, agreements for the evaluation and comparison of PEI candidate designs were achieved [1], which are attached in the appendix.
This contribution provides analysis on the agreed metrics and our views on the paging enhancement for Rel.17 UE power saving.

2 Paging enhancement
1 
2 

Paging Early Indication (PEI) physical layer design candidates
The PEI candidate designs are now based on PDCCH, TRS/CSI-RS and SSS. To compare the candidates, the assessment principle is, in condition that the performance meets the requirements as agreed (for Behv-A and B, respectively), to check the follow metrics:
· the co-existence with existing channels/signals, and impact to legacy UEs
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
· Other multiplexing method with legacy channels/signals can be additionally reported with justification
· Estimated overhead in terms of required #REs
In the current stage, for performance evaluation, the UE behaviors relevant to PEI design include:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

As above two different UE behaviours may lead to different network operation strategies and PEI link performance requirement, Table.1 gives brief analysis for each design candidate in conjunction with Behv-A and Behv-B, respectively.
Table.1 Analysis on the compatibility between physical layer design options and UE behavior A/B
	PEI design analysis wrt Behv-A/B
	Behv-A
	Behv-B

	Description
	· 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
	· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

	Performance requirement Alt 1 (mandatory)
	at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%

	
	When Behv-A is assumed: 
· The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A=MDR_PEI+(1 – MDR_PEI)MDR_PagingPDCCH
· The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
	When Behv-B is assumed: 
· The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
· The MDR of PEI should be no larger than [1%]

	Impact to PEI MDR and FAR design target
	The joint MDR is controlled by both MDR_PEI and MDR_PagingPDCCH. If MDR_PagingPDCCH is a fixed and typical value like 1%, to meet or closely approach the requirement of 1% for MDR_Joint_A = 1% + 99%*MDR-PEI, the MDR-PEI needs to be sufficiently low.

Thus, depending on the MDR_PagingPDCCH, requirement for MDR_PEI could be relaxed or stringent than 0.1%.
	The joint MDR is determined by both FAR_PEI and MDR_PagingPDCCH. If MDR_PagingPDCCH is a fixed and typical value like 1%, to meet or closely approach the requirement of 1% for MDR_Joint_B = 1% + 99%*FAR-PEI, the FAR_PEI needs to be sufficiently low. 

As the UE default behavior is required to detect paging PDCCH in case of miss-detecting PEI, thus the requirement for MDR_PEI is more relaxed than Behv-A but the requirement for FAR-PEI is more stringent.

Also, depending on the MDR_PagingPDCCH, requirement can be potentially more relaxed or stringent than 0.1% for FAR_PEI.



	Performance requirement Alt 2 (optional)
	at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%

	
	When Behv-A is assumed: 
· The MDR of PEI should be no larger than 0.1% 
· The False-Alarm Rate (FAR) of PEI should be no larger than 1%
	When Behv-B is assumed: 
· The FAR of PEI should be no larger than 0.1%
· The MDR of PEI should be no larger than 1%

	Impact to PEI MDR and FAR design target
	Fixed requirement for PEI.
	Fixed requirement for PEI.

	PDCCH-based design
	To achieve 0.1% or even lower PEI MDR, the resource required for PDCCH PEI could be considerable. As it is transmitted in INACTIVE/IDLE, there is no CSI feedback thus network needs to assume the worst case and utilize very high aggregation level or even repetition to ensure the performance, which is a negative argument to apply PDCCH-based PEI design with Behv-A, in terms of control overhead.

Due to CRC protection, the FAR will be far lower than required, which is no problem.

Observation 1: PDCCH based PEI design in case of supporting Behv-A may face issue of control overhead due to stringent MDR requirement.

	As UE still needs to monitor paging PDCCH even if it does not detect PEI, the MDR requirement is no larger than 1%, which can be handled well by PDCCH-based design. Also, as for 0.1% FAR for PEI, the CRC may provide sufficient protection. So the control overhead is less than Behv-A.

Observation 2: To meet the link requirement, PDCCH based PEI has no major issue in case of supporting Behv-B.



	CSI-RS based design
	To meet 0.1% or even lower PEI MDR, the correlation detection threshold can be set sufficiently low with the cost of higher FAR. Here as long as the FAR can be lower than 1%, it is feasible. 
If not, longer sequence can be considered to meet the requirement. Hence, CSI-RS based option is more compatible with Behv-A.

Observation 3: CSI-RS based PEI design in case of supporting Behv-A has good flexibility to meet both requirements of MDR and FAR. 



	To meet stringent FAR and a relatively relaxed MDR, the correlation detection threshold can be set relatively higher than that for Behv-A. As long as the MDR can be lower than 1%, it is achievable. 
If not, long sequence can be considered. Hence, CSI-RS based design is also compatible with Behv-B.

Observation 4: CSI-RS based PEI design in case of supporting Behv-B has good flexibility to meet both requirements of MDR and FAR.

	SSS based design
	In terms of design target, similar with CSI-RS based design, SSS based PEI could be more efficient option than DCI-based solution. However, as the length and resource for SSS is fixed, it needs careful investigation on whether the performance requirement can be met in any valid scenarios and channel conditions. Although repetition of SSS can be considered, in this aspect, the flexibility is not as good as CSI-RS based option.

Observation 5: SSS based PEI design in case of supporting Behv-A has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.


	Similar case with CSI-RS based design that the performance requirement can be achievable. However, as the sequence length is fixed. To accurately achieve the design target, the flexibility may not be sufficient.

Observation 6: SSS based PEI design in case of supporting Behv-B has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.







 Coexistence with existing channel/signals and impact to legacy UEs

Regarding how different PEI design candidates may coexist with control and data channel, Table. 2 below gives some analysis and comments.


Table 2. Coexistence of PEI with control and data channel
	Coexistence analysis
	Coexistence with PDCCH
	Coexistence with PDSCH
	Other comments

	DCI-based PEI
	· No spec impact to deal with coexistence with PDCCH
· When using CORESET#0, possible control resource congestion
	· Current PDSCH resource mapping supports RB and symbol level rate matching indication. Thus it also works for DCI-based PEI
	The resource overhead is inevitable.

	CSI-RS based PEI
	· Current coexistence between PDCCH and CSI-RS rely on semi-static high layer configuration.
· Hence for Rel.17 PEI, it is better to CDM with existing CSI-RS.
	· Current RE level rate matching supports LTE CRS-based pattern indication.
· In DCI, zero power CSI-RS triggering field can also support RE granularity rate matching. But reusing this field for PEI rate matching is not suitable as it may impact the UE interference measurement.
· So the most efficient way is also to CDM with existing CSI-RS
	· If able to CDM with existing CSI-RS, the coexistence is manageable without any additional overhead
· If not, RB and symbol level rate matching can be used for data channel. For control channel, it is better to avoid multiplexing with legacy UE by implementation.

	SSS-based PEI
	· Only by RRC configuration to FDM and/or TDM with PDCCH resource
· Not feasible to CDM with any legacy channels, e.g. legacy PSS/SSS, unless by defining new sequence
	· Symbol and RB level rate matching
	· The resource overhead is inevitable



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

Overhead analysis

High level comparison between Behv-A and Behv-B:
· If group paging rate (GPR) is low, by implementation, gNB may skip some PEI transmission in order to save more resource in case of adopting Behv-A than Behv-B, as most of the instances there is no paging by network. 
· Following similar principle, if group paging rate is high, by implementation, gNB can skip some PEI transmission in case of adopting Behv-B
Observation 9: If UE does not detect any PEI, the supported UE behavior can largely impact the system overhead caused by PEI transmission under different GPR assumptions.
In the evaluation, the typical GPR used is 10%. Some higher values from 20% to 60% are used to explore more power saving gain from sub-grouping mechanism. However, the high range of the GPR draws some concerns as it is not typical for actually network deployment.
When similar discussion happened for WUS in Rel.16, as it is for RRC connected mode, the probability of waking up UEs before DRX active time may have wider range. Thus a solution of making UE default behavior configurable was agreed to achieve tradeoff between system overhead and service latency.
Also, some brief comparison between different design candidates can be found in Table.3.
Table 3. Overhead comparison between different design candidates
	Overhead analysis

	DCI-based PEI
	Due to high requirement of MDR, the required number of CCE would be high. Considering the coherent reception needing DMRS and also CRC protection, in theory, the overhead will be more than sequence based design candidates, in the condition that only few bits are carried.
Also due to sensitive to frequency error, the DCI-based PEI may need longer active time to receive SSB or more CCEs for CFO compensation.

	CSI-RS based PEI
	More robust to frequency error and relatively lower overhead

	SSS-based PEI
	Similar with CSI-RS based PEI


Considering all the analysis in above sub-sections, the system overhead introduced by PEI depends on multiple factors, i.e. physical channel design, supported UE behavior (Behv-A or B) in case of miss detection, and assumed group paging rate. So further discussion on which UE behavior to support is necessary for deciding PEI channel design.
Proposal 1: Further discussion on Behv-A and B is necessary for deciding PEI channel design.

Subgrouping design

The sub-grouping index could be associated with UE ID and can be indicated by the PEI. All such information can be configured in SIB.
Proposal 2: Sub-grouping information could be carried in the PEI, which is associated with UE ID.
After UE detects PEI and checks whether it belongs to the sub-group intended for paging, UE may choose to continue or stop the paging monitoring procedure in this paging cycle. If sequence-based PEI is supported, the sub-grouping indication is not flexible enough to accurately point to the paged UE. It is true that sequence-based design is not friendly to support relatively large sub-group numbers in case the UE load is high in a PO. In this case, the further more dedicated sub-grouping information can be indicated by paging DCI. When PEI is not configured by the network, this operation also allows sub-grouping gain of the power reduction.
Proposal 3: Sub-grouping information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping indication is achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
The detailed subgrouping design should firstly look at the maximumly supported number of subgroups. In the evaluation, the number is from 2 to 16 for a PO, which corresponds to 1 to 4 bits.
As we prefer to support subgrouping by PEI and paging DCI in a configurable way. Some options can be as below table, which can be configured via SIB.
Table 4. Example of configurable subgrouping indication by PEI and paging DCI
	Channel carrying subgrouping index 
	Number of bits of the subgrouping index carried by each channel.

	PEI
	0
	1
	2

	Paging DCI
	0 or 1
	0
	0, 1 or 2



UE default behavior concerning configuration reliability in IDLE/INACTIVE mode

For IDLE/INACTIVE mode UE, when UE is uncertain about SIB configuration of PEI e.g. during the SI modification period or before to obtain the SIB related to PEI, the UE behavior should be discussed separately, other than the Behv-A and Behv-B. In addition, the TRS/CSI-RS for time/frequency tracking in AI 8.7.1.2 is also agreed to be configured by SIB signaling. Hence, when UE is within SI modification period, it is possible that the reception of the TRS/CSI-RS for time/frequency tracking is not reliable or the previous configuration of PEI is not reliable. In this case, it is possible that gNB has actually transmitted PEI but UE fails to detect it. Thus more reasonable UE behavior would be to continue monitoring paging PDCCH. Besides, the availability of TRS/CSI-RS for tracking should also be taken into account for UE to evaluation whether current reception of PEI is reliable or not.
Proposal 4: When UE is certain about the SIB configuration of PEI, if UE does not detect PEI, UE is not required to continue monitoring paging PDCCH in the PO after PEI.
Proposal 5: When UE is not certain about the SIB configuration of PEI, e.g. during SI modification period or before obtaining SIB configuration related to PEI and/or TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.

3 Conclusion
In this contribution, views on paging enhancement schemes for Rel.17 UE power saving enhancement are provided. The following conclusions are highlighted:
Observation 1: PDCCH based PEI design in case of supporting Behv-A may face issue of control overhead due to stringent MDR requirement.
Observation 2: To meet the link requirement, PDCCH based PEI has no major issue in case of supporting Behv-B.
Observation 3: CSI-RS based PEI design in case of supporting Behv-A has good flexibility to meet both requirements of MDR and FAR. 
Observation 4: CSI-RS based PEI design in case of supporting Behv-B has good flexibility to meet both requirements of MDR and FAR.
Observation 5: SSS based PEI design in case of supporting Behv-A has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.
Observation 6: SSS based PEI design in case of supporting Behv-B has no issue to meet the performance requirement. Flexibility may not be as good as CSI-RS based PEI design.
Observation 7: With some control overhead, all the three design candidates may coexist with existing control and data channel without major issue.
Observation 8: By implementation, CSI-RS based PEI design can be CDMed with CSI-RS for other UEs and purposes thus possibly be free of additional overhead.
Observation 9: If UE does not detect any PEI, the supported UE behavior can largely impact the system overhead caused by PEI transmission under different GPR assumptions.
Proposal 1: Further discussion on Behv-A and B is necessary for deciding PEI channel design.
Proposal 2: Sub-grouping information could be carried in the PEI, which is associated with UE ID.
Proposal 3: Sub-grouping information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping indication is achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
Proposal 4: When UE is certain about the SIB configuration of PEI, if UE does not detect PEI, UE is not required to continue monitoring paging PDCCH in the PO after PEI.
Proposal 5: When UE is not certain about the SIB configuration of PEI, e.g. during SI modification period or before obtaining SIB configuration related to PEI and/or TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.
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5 Appendix: Agreements for paging enhancement in Rel.17 Power Saving Enhancement from RAN1#104e meeting

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


Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
o   Other multiplexing method with legacy channels/signals can be additionally reported with justification



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

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




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

