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Introduction
In 3GPP TSG RAN1#104-e meeting, some agreements on potential paging enhancements were reached [1].  
	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%, 
a. When Behv-A is assumed: 
i. The MDR of PEI should be no larger than 0.1% 
ii. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
b. When Behv-B is assumed: 
i. The FAR of PEI should be no larger than 0.1%
ii. The MDR of PEI should be no larger than 1%
c. 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.
2. Companies to provide:
a. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
b. The required #REs to comply with the performance assumptions
c. 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 



Furthermore, some observations of the co-existence issue, link level simulation results, resource overhead based on PDCCH based PEI, TRS-based PEI and SSS-based PEI were made in RAN1#104bis-e [2].
In this contribution, the power saving enhancements for paging reception are discussed.

Discussion on paging enhancement schemes
For RRC idle/inactive mode, UE needs to monitor paging occasions (PO) to check whether there is paging DCI or not in each paging cycle. If the PDCCH is successfully decoded, UE receives the PDSCH to check whether it is paged or not. When the UE is not paged, the unnecessary reception of paging DCI and the SSB processing for synchronization causes a lot of power consumption. 
In previous meetings, some potential paging enhancement schemes such as PEI (paging early indication), sub-grouping for paging were discussed. The PEI can be used to inform UE whether the UE need to monitor the paging DCI or not in the subsequent PO. If the PEI indicates “no paging message”, UE can skip the unnecessary operations including PDCCH/PDSCH reception and SSB processing. Meanwhile, the sub-grouping information carried by PEI or paging DCI can be used to further reduce the paging PDCCH/PDSCH reception.
Behv-A or Behv-B
In 3GPP TSG RAN1#104-e meeting, the Behv-A and Behv-B were discussed for PEI candidate designs. The fundamental difference between Behv-A and Behv-B is that for the former works as a wake-up-sigal (i.e., UE needs to detect PO if PEI is detected), while the latter one is a go-to-sleep signal (i.e., UE needs to detect PO if PEI is not detected). To have a better understanding of Behv-A and Behv-B and the impact on PEI design, the advantages and disadvantages of these two behavior are analyzed. 
For Behv-A, it requires to transmit PEI only when the paging message is sent. Therefore, the resource overhead of the PEI is relatively small if the paging rate is low. On the contrary, when Behv-B is assumed, the resources occupied by the PEI are smaller than the case of Behv-A if the paging rate is high. Note that if other channels or signals collided with the PEI have higher priority, network can prioritize the transmission of other channels or signals by implementation. In this case, if Behv-B is assumed, it will not impact the delivery of the paging message as UE will wake up to detect PO if PEI is not detect. In an extreme case, the resource overhead can be reduced to, for example, 0 when the paging rate is high or network transmit other channels/signals with higher priority. However, if Behv-A is assumed, the delivery of the paging message will be delayed when other channels or signals is prioritized or PEI is missed.
As to the power consumption of PEI detection, Behv-A and Behv-B consumes almost the same UE energy if PEI is transmitted as it is required, since for both behaviors, UE has to detect PEI in the configured occasion.
But for Behv-A, if UE misses the PEI with wake-up indication or the transmission of other channels or signals is prioritized, the UE will skip the detection of PO in this paging cycle. In the next paging cycle, the UE has to detect the PEI, receive paging DCI, and paging PDSCH, which will cause a long delay of paging messages and large power consumption. Meanwhile, for other UEs who detect the same PEI or in the same UE group will be waked up again, which consumes more energy of these UEs associated with the same PEI or UE group. For network, the re-transmission of PEI, paging DCI, and paging PDSCH also costs more resource and energy. So the Behv-A is unfavorable for both UE and network.
With the low False-Alarm Rate (FAR) requirement, there is little probability for UE to receive PO unnecessarily by Behv-B. So for Behv-B, the power saving gain impact is insignificant and it can guarantee the reliable transmission of paging message.  
To sum up, the advantages and disadvantages of Behv-A and Behv-B can be summarized in Table 1.
[bookmark: _Toc12388]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]Behv-B should be supported for PEI design.

Link level simulation
The prerequisite for introducing PEI is that the PEI should not lead to paging performance degradation. For both Behv-A and Behv-B, the performance evaluation methodology of PEI candidate designs based on TRS/CSI-RS, SSS and PDCCH has been provided. With the link level simulation assumptions in Table A1, the performance of PEI candidates is analyzed in the following sections. More simulation results with different UE receiving antenna configuration can be found in our companion contribution in [3].  
1. 
2. 
2.1. 

2.1.1. Sequence-based PEI
The joint miss-detection rate (JMDR) performance of TRS-like PEI and SSS-like PEI for Behv-A and Behv-B are provided in Appendix B. For the one-symbol TRS-like PEI, 48 RBs and density 3 are assumed, so the total resource occupation is 144 REs. For the one-symbol SSS-like PEI, 127REs are assumed.
According to the simulation results, for PDSCH with TB scaling 1, two-symbol TRS-like PEI and two-symbol SSS-like PEI with FAR 1% fulfill the required performance when Behv-A is considered. For Behv-B, two-symbol TRS-like PEI and SSS-like PEI with FAR 0.1% fulfills the performance required by the paging PDSCH without TB scaling.
For PDSCH with TB scaling 0.5, the JMDR performance of two-symbol TRS-like PEI and SSS-like PEI is worse than the MDR performance of PDSCH. So more than two symbols are needed when PDSCH is configured with TB scaling 0.5.
[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]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]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]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. 
[bookmark: OLE_LINK10]Based on the observations, for SSS-like PEI, at least two symbols are required. Therefore, a new pattern of SSS-like PEI is needed, which will lead to extra standardization workload. 

2.1.2. DCI-based PEI
The JMDR performance of DCI-based PEI and paging PDCCH as follows. 

· DCI-based PEI with SCL decoding 
[image: ][image: ]
(a) Behv-A                                          (b) Behv-B
Figure 1 JMDR performance of DCI-based PEI (SCL decoding) and paging PDCCH 

With SCL decoding, the MDR and JMDR performance of DCI-based PEI are shown in Figure 1. As shown in the Figure 1(a), for PDSCH with TB scaling 1, the JMDR performance of DCI-based PEI with AL 4 and paging PDCCH fulfills the requirement. For PDSCH with TB scaling 0.5, the JMDR performance of DCI based-PEI with AL 8 and paging PDCCH fulfill the requirement. The FAR of DCI-based PEI is about 2-21, which is far less than 1% as it is required. 
For the JMDR in the case of Behv-B, since the FAR of the DCI-based PEI is extremely small (i.e., 2-21), the JMDR performance of the DCI-based PEI is almost the same as the MDR performance of the paging PDCCH. 
It can be seen from the Figure 1(b) that for PDSCH with TB scaling 1, the JMDR performance of DCI-based PEI with AL 4 and paging PDCCH fulfills the requirement. And the required SNR of DCI-based PEI with AL 4 is smaller than the required SNR of PDSCH with TB scaling 1 when MDR equals to 1%. For PDSCH with TB scaling 0.5, the JMDR performance of DCI-based PEI with AL 8 and paging PDCCH fulfill the requirement. And the required SNR of DCI-based PEI with AL 8 is smaller than the required SNR of PDSCH with TB scaling 0.5 when MDR equals to 1%. 
[bookmark: _Toc23360][bookmark: _Toc23749][bookmark: _Toc27698][bookmark: _Toc26610][bookmark: _Toc28186]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.

It can be observed from Figure 1 that DCI-based PEI configured with different aggregation levels has different MDR and JMDR performance. Flexible adjustment of aggregation levels in different application scenarios can improve the coverage. In addition, for the PDSCH configured with different TB scaling factors, the DCI-based PEI can fulfill the MDR performance requirements by adjusting the aggregation level.
[bookmark: _Toc29669][bookmark: _Toc22872][bookmark: _Toc18361][bookmark: _Toc20747][bookmark: _Toc14378]DCI-based PEI with AL adaptation provides more flexibility and better coverage.

· DCI-based PEI with ML decoding 
For DCI-based PEI, if no more than 12 information bits are carried, the ML decoding with little impact on complexity can effectively improve the decoding performance of DCI. With ML decoding, the MDR and JMDR performance of DCI-based PEI are shown in Figure 2.
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(a) Behv-A                                          (b) Behv-B
Figure 2 JMDR performance of DCI based-PEI (ML decoding) and paging PDCCH 

As shown in the Figure 2, 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.
[bookmark: _Toc4556][bookmark: _Toc2436][bookmark: _Toc2579][bookmark: _Toc1244][bookmark: _Toc11097]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.

2.1.3. Performance comparison between DCI-based PEI and TRS-like PEI
According to the above analysis, when ML decoding is adopted for DCI-based PEI, the PEI detection performance can be greatly improved. In addition, the above simulation analysis assumes that DCI contains 12 information bits. When payload size of DCI-based PEI is reduced to less than 12 bits, the PEI performance will be further improved. In Figure 3, the performance of DCI-based PEI with no more than 12 information bits and the two-symbol TRS-like PEI are provided.
[image: ]
Figure 3 Performance of DCI-based PEI (no more than 12 information bits) and two-symbol TRS-like PEI

As shown in Figure 3, when the information bits of the DCI-based PEI are reduced, the MDR performance of DCI based PEI is further improved. When the number of information bits is not greater than 6 bits, the MDR performance of DCI based PEI with AL 2 is better than that of the two-symbol TRS-like PEI.
[bookmark: _Toc18164][bookmark: _Toc11932][bookmark: _Toc22067][bookmark: _Toc11682][bookmark: _Toc12334]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.

2.1.4. Summary of link level simulation results
According to the simulation results in above sections, the performance comparison of DCI based PEI, TRS-like PEI and SSS-like PEI is summarized in Table 2.

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.

Co-existence with legacy UEs
According to the 3GPP TSG RAN1#104bis-e meeting, the agreements about coexistence between PEI and legacy PDSCH were achieved as follows [2].
	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 resource 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




For DCI based PEI, it is clear that there is no problem in the coexistence with legacy PDSCH. For SSS-like PEI, whether the CORESET-level rate matching can be realized depends on SSS-like PEI design and UE capability with regard to the number of CORESETs. The resource mapping of sequence-based PEI is different from CORESET in frequency domain. For example, the SSS-like PEI requires consecutive PRBs in frequency domain, while for CORERET, REG bundle and CCE-to-REG interleaving can be configured. Hence, considering the length of the SSS-like PEI and the resource mapping, a dedicated CORESET configuration for rate matching is required. According to specification, CCE-to-REG interleaving is applied in CORESET 0, and the starting PRB is defined in TS38.213, which makes CORESET 0 inappropriate to address the co-existence issue of SSS-like PEI. For other CORESET than CORESET 0, the assigned frequency resource can be outside the range of SSS-like PEI in initial DL BWP. Moreover, at least one CORESET aimed for DL assignment/UL grant should be configured. And supporting more than 2 CORESET is an optional UE capability (shown as below). 
	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]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.
For TRS-like PEI, the RE-level rate matching can be realized for the PDSCH as per mandatory capability when the aperiodic ZP-CSI-RS-ResourceSet(s) is configured with the same pattern as TRS-like PEI. However, the maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3, which is very limited. 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: _Toc15937][bookmark: _Toc18974][bookmark: _Toc1367][bookmark: _Toc10679][bookmark: _Toc11347]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.
Therefore, for SSS-like PEI and TRS-like PEI, semi-static RB- symbol-level rate matching pattern should be used to resolve the coexistence with legacy PDSCH in the above cases. The network has to always reserve the resources configured to sequence-based PEI via semi-static rate match indication to avoid the potential collision with the PDSCH transmission. Hence, the resources of sequence-based PEI will be always occupied.
[bookmark: _Toc71707433]For SSS-like PEI and TRS-like PEI, semi-static RB- symbol-level rate matching pattern should be used to coexistence with legacy PDSCH.
Not only the coexistence with PDSCH, all the resource collision mechanisms specified for CORESET in the legacy specifications can be used for DCI-based PEI. For example, DCI-based PEI can be configured in a CORESET that is shared with PDCCHs of legacy UEs. Therefore, the gNB just reuse Rel-15 mechanisms to handle resource collision for the DCI-based PEI and other PDCCHs in the shared CORESET. 
There are some companies think that the coexistence between sequence-based PEI and other signals/channels is defined in Rel-15 specification. For example, for TRS/CSI-RS PEI collided with PDCCH, companies believe the UE behaviour is specified by “For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET”. However, different with the CSI-RS configured to RRC connected state UEs for beam management, the sequence-based PEI does not need to be received by R15 RRC connected state UEs and it is transparent to RRC connected-state UE. The co-existence of sequence-based PEI is not the same problem as described in the current specification. Therefore, for SSS-like PEI and TRS/CSI-RS like PEI, the UE behavior is not defined in Rel-15 specification for the coexistence of PEI with PDCCH/SSB. 
[bookmark: _Toc18724][bookmark: _Toc30282][bookmark: _Toc22481][bookmark: _Toc6153][bookmark: _Toc5412]For SSS-like PEI and TRS-like PEI, the UE behavior is not defined in Rel-15 specification for the coexistence with PDCCH/SSB.
In addition, 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. Hence, how to ensure that the functionality of existing SSS is not affected by the SSS-like PEI is a problem that cannot be ignored. 
[bookmark: _Toc11042][bookmark: _Toc32172][bookmark: _Toc10731][bookmark: _Toc23977][bookmark: _Toc19248]SSS-like PEI may impact the initial access procedure and neighbor cell measurement of the legacy UEs. 
What’s more, for TRS/CSI-RS like PEI, the RE density in one RB can be 0.5, 1 or 3. Even if the TRS-like PEI with the maximum frequency density 3 is used, the bandwidth required by TRS is more than DCI-based PEI with comparable/better link level performance according to the evaluation results in above sections. Using a large bandwidth to transmit TRS-like PEI is not good for the power consumption of idle/inactive mode UE.
[bookmark: _Toc6759][bookmark: _Toc30120][bookmark: _Toc12613][bookmark: _Toc17304][bookmark: _Toc26032]TRS-like PEI is not good for the power consumption of idle/inactive mode UE due to the large bandwidth.
To sum up, for sequence-based PEI, if the existing resource mapping scheme is used, the heavy resource overhead may affect the traffics of other RRC connected state UEs. What’s more, when multiple sequence-based PEIs are transmitted, all UEs in RRC connected mode would have to be aware of the resources reserved for potential PEI transmission, which would lead to additional standardization efforts.
The analysis can be summarized in Table 3 as below.

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.



[bookmark: _Toc6808][bookmark: _Toc5910][bookmark: _Toc10582][bookmark: _Toc28656][bookmark: _Toc30026]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.

Power saving gain
The metrics such as power saving gain, resource overhead, and impacts on other legacy functionalities should also be considered in the design of PEI.
Taking two SSBs before PO as an example, the UE processing timeline can be found in Figure 4. Assume that the offset value between PO and nearest SSB is 10 ms. The power saving gain from PEI in different locations, PEI combined with sub-grouping are provided in the following sub-sections. More simulation results with different numbers of SSB processed before PO can be found in our companion contribution in [3].  

[image: ]
Figure 4 UE processing timeline

PEI in different locations
As shown in the Figure 4, PEI can be located in multiple positions, such as, before the SSB, after the SSB, or close to the PO. However, if the PEI location is not properly configured, the UE may fail to enter into deep sleep, and the power consumption of ramp-up and ramp-down is increased. The power saving gain from PEI in different positions should be analyzed to provide an insight into a proper PEI position.  
Figure 5 shows the power saving gain of PEI in the position 1~5. Note the PEI is assumed as a wake-up indication. The group paging rate per PO is denoted as “RG”.
[image: 7]
Figure 5 Power saving gain provided by PEI 

Based on the simulation results in Figure 5, it can be seen that 
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same; 
· the PEI located near the first SSB provides the maximum power saving gain;
· for PEI without sub-grouping, the power saving gain brought by PEI only will obviously decrease when group paging rate increases.
[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]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.

UE sub-grouping
Based on RAN2 LS as quoted below, the physical-layer design should take RAN2 information into account on UE sub-grouping 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. 






In the LS, RAN2 provided a preference that “the maximum number of UE subgroups per PO should be at least 8”. To analyze the effect of the number of sub-groups on the power saving gain, this section provides the power saving gain of UEs with different number of sub-groups.
What’s more, in the cases that large number of low-cost/Redcap UEs and/or network configurations with few POs, the large paging rate (per PO) should be considered. According to the agreements in 3GPP TSG RAN1#103-e meeting (shown as below), group paging rate per PO of 20%-60% should be considered.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception




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

The power saving gain from different number of UE sub-groups indicated by PEI per PO is calculated and shown in Figure 6. The numbers of sub-groups to be considered are 1, 4, 8 and 16. When the sub-group number is 1, it means sub-grouping is not used. It can be seen that the PEI with sub-group indication provides higher power saving gain, especially for the large group paging rate. When the number of UE sub-groups increases, the power saving gain increases.
[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]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: _Toc15864]Besides, the power saving gain is evaluated in RAN1 with the assumption that the sub-groups per PO are divided based on an equal paging probability. However, according to RAN2 LS, a more flexible and network controlled paging sub-grouping mechanism is expected, which may be beyond the evaluation assumptions in RAN1. Therefore, our suggestion is to support RAN2’s decision and allow the network with sufficient flexibility to implement paging sub-grouping
[bookmark: _Toc71707434][bookmark: _Toc7030]Supporting the agreements of RAN2 LS, at least 8 sub-groups per PO should be considered.
Another solution is to carry the sub-grouping information on the paging PDCCH. However, according to the agreements in 3GPP TSG RAN1#103-e meeting (shown in the below), the power saving gain is negligible.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception



[bookmark: _Toc23241][bookmark: _Toc19406][bookmark: _Toc9927][bookmark: _Toc18060][bookmark: _Toc8595]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]The combination of PEI and sub-grouping indication should be supported.

PEI to sub-group/PO mapping
In the previous meeting, a PEI associated with multiple POs was suggested. When a PEI is associated with multiple POs, the offsets between the POs of different UEs and the PEI are different. For example, the timeline that one PEI associated with 4 POs and two SSBs are processed before PO is shown in the Figure 7.  
[image: ]
Figure 7 UE processing timeline

For a DCI-based PEI, there are multiple bits to separately indicate the UEs corresponding to different POs/sub-groups whether to detect paging DCI or not. For each UE, no matter how many POs/sub-groups are associated with the PEI, the timeline of a single UE will not change with a proper PEI configuration, so the power saving gain will not be degraded. An example of the power gain from PEI associated one PO and four POs is shown in Table 4. It can be seen that one PEI associated with multiple POs will not degrade UE power saving gain.
[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]For DCI-based PEI, one PEI associated with multiple POs will not degrade the UE power saving gain.

For sequence based PEI, there are several schemes to implement the association between PEI and multiple POs/sub-groups. 
· ALT-1:multiple sequences
The PEI carries different information for UEs corresponding to different POs/sub-groups by different generation sequences. The UE needs to detect multiple sequences to determine which one is transmitted by the gNB to derive the conveyed information. When a PEI is associated with one PO/sub-group, only one PEI sequence is required. When PEI is associated with N POs/sub-groups (N>1), 2^N sequences are required to be equivalent to N bits in DCI-base PEI. In this case, the power saving gain will be slightly affected by the increased blind detection times. While the detection performance of sequence-based PEI will be deteriorated due to the increased FAR and correlation between the multiple sequences. 
[bookmark: _Toc21608][bookmark: _Toc22013][bookmark: _Toc27991][bookmark: _Toc20111][bookmark: _Toc455]When multiple PEI sequences are used to implement multiple PO/sub-group indication, the detection performance of sequence-based PEI will be deteriorated due to the increased FAR and correlation between the multiple sequences.

· ALT-2: group common PEI
In another alternative, a scheme similar to NB-IoT WUS is considered. Two kinds of sequence-based PEI are used to carry information for the UEs corresponding to different POs/sub-groups. One kind of PEI is a PO/sub-group specific PEI, and the other one is a group common PEI. Taking Behv-A as an example, only if the UEs corresponding to one PO/sub-group need to be woken up, will the PO/sub-group specific PEI be transmitted. If the UEs corresponding to two or more POs/sub-groups need to be woken up, the group common PEI is transmitted. 
When the group common PEI is transmitted, all the UEs associated with the group common PEI are woken up. Therefore, some UEs are indicated to wake up even they are not paged, the unnecessary wake-up of these UEs increases the power consumption. 
For the UEs monitoring PO2 in Figure 7, the power saving gain for ALT-2 is provided in Table 4. It can be seen from Table 4 that for ALT-2, if the group common PEI is associated with four POs, the power saving gain for UE monitoring PO2 will decrease by 5.3% when the group paging rate per PO is 40%, the power saving gain will decrease by 6.4% when the group paging rate per PO is 60%.
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 (ALT-2)

	RG = 10%
	22.5%
	22.5%
	21.6%

	RG = 40%
	14.4%
	14.4%
	9.1%

	RG = 60%
	9.3%
	9.3%
	2.9%



· ALT-3:TDM/FDM
Another method is that the CDM, TDM or FDM techniques can be used for sequence-based PEI associated multiple PO/sub-groups. For the sequence-based PEI using the CDM, the time and frequency resource overhead remain the same, multiple sequences are transmitted simultaneously to indicate information for multiple POs/sub-groups. However, the detection performance will decrease due to the transmission power shared by multiple sequences and interference among the multiple sequences. As shown in Figure 8, when there are four sequences transmitted simultaneously, the performance loss can reach to 6 dB at BLER=1%. 
To avoid performance loss and ensure that the sequence-based PEI meet the performance requirement, it is necessary to map multiple sequence-based PEI into different time resources (TDM) or frequency resources (FDM). Therefore, when PEI associates with multiple POs or indicates multiple sub-groups operations, the resource overhead will be multiplied.
[image: ]
Figure 8 MDR performance when multiple PEI sequences occupy the same resource

To the end, it can been seen that for sequence-based PEI, if PEI carried multiple information bits generated by different sequences is used to convey wake-up indication for different UEs corresponding to different POs/sub-groups, the PEI performance will be deteriorated with the increased blind detection. When the group common PEI is used, the UE power saving gain will decrease due to the unnecessary wake-up, especially when the group paging rate is large. If TDM or FDM techniques is used for sequence based PEI, the resource overhead will be multiplied.

[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]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.
[bookmark: _Toc13576][bookmark: _Toc28760]Considering power saving gain is an important factor and the impact of power saving gain from Alt2 and the observations in RAN1#104bis-e, Alt 3 (ITDM or FDM technique) are considered in the evaluations of sequence-based PEI associated with multiple POs or sub-groups.
[bookmark: _Toc26155][bookmark: _Toc2478]For sequence-based PEI associated with multiple POs or sub-groups, Alt 3 (TDM or FDM technique) are considered.

DCI-based PEI and sequence-based PEI
When capacity limitation of sequence-based PEI is not considered, the power saving gain from DCI-based PEI, sequence-based PEI with synchronization and sequence-based PEI without synchronization functionality are compared in Figure 9. When sequence-based PEI is used for synchronization, it is assumed that UE can replace one SSB processing based on the timeline in Figure 4. It should be noted that if SSB is used for synchronization, two symbols comprising SSS and PSS are utilized. If DMRS in the PBCH is further considered, more accurate synchronization can be provided. Therefore, even if the sequence-based PEI (two-symbol TRS-like PEI or SSS-like PEI) can provide the synchronization function, a maximum of one SSB can be replaced considering the comparable number of symbols and REs. 
Note that in Figure 9, “sequence-w/o-sync” denotes sequence-based PEI without synchronization function, and “sequence-w-sync” denotes sequence-based PEI with synchronization function.

[image: 9a][image: 9b][image: 9c]
Figure 9 Power saving gain from DCI-based PEI and sequence-based PEI

From Figure 9, it can be seen even it is assumed the sequence-based PEI can be used for synchronization, the additional power saving gain is marginal. The power saving gain from DCI-based PEI and sequence-based PEI is almost the same.  
[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]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.
However, sequence-based PEI is not an always-on signal as SSB, UE needs to detect the sequence-based PEI by blind detection. If gNB does not send the sequence-based PEI but FAR occurs, the UE would take noise as PEI and use it for synchronization, which will degrade the synchronization performance of the entire system and more SSBs are needed for synchronization compensation in the next paging cycle. What’s more, 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. In this case, additional warm-up time and synchronization operation based on SSB are still required to guarantee the paging performance. Therefore, whether the sequence-based PEI can provide the synchronization function or not is questionable. 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: _Toc1070]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]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.

As discussed in section 2.4.3, for sequence-based PEI, when one sequence-based PEI is associated with multiple POs or sub-groups, the performance of sequence-base PEI will be degraded with ALT-1, the UE power saving gain will be decreased with ALT-2 and the resource overhead will be multiplied with Alt-3. Considering the importance of power saving gain and the observations in RAN1#104bis-e, ALT-3 is utilized in the case that PEI is associated with multiple POs or sub-groups. 
When sub-grouping is considered, in order to reduce the resource overhead of Alt-3, the sub-grouping information carried on paging DCI is considered for Alt-3. While for DCI-based PEI, the sub-grouping information can be carried on PEI because DCI-based PEI can carry on at least 12 information bits. The results of power saving gain are shown in Table 5. 
Table 5 UE power saving gain of DCI-based PEI and sequence-based PEI (multiple sub-groups)
	Group paging rate
	DCI based PEI
(1 POs×8 subgroups)
	Sequence-based PEI 
(Alt 3, 1 sub-group)
	Sequence-based PEI + paging DCI 
(Alt 3, 8 sub-groups)

	RG = 10%
	25.4%
	22.5%
	23.5%

	RG = 40%
	25.7%
	14.4%
	18.4%

	RG = 60%
	25.4%
	9.3%
	15.0%



As shown in Table 5, when sub-grouping is considered, compared with the sequence-based PEI, the DCI-based PEI can provide larger power saving gain. When the group paging rate is equal to 60%, the power saving gain of DCI -based PEI is more than twice that of sequence based PEI without sub-grouping, and the power saving gain of DCI-based PEI is 1.69 times more than that of sequence-based PEI with sub-grouping in paging DCI.
When both multiple POs and sub-groups are associated with one PEI, the sequence-based PEI can only indicate the operation of multiple POs through TDM or FDM technique. And the sub-grouping information is carried by paging DCI. The power saving gain of DCI-based PEI and sequence-based PEI associated with multiple POs is provided in Table 6.
Table 6 UE power saving gain of DCI-based PEI and sequence-based PEI (multiple POs)
	
	Group paging rate
	Paging rate
10%
	Paging rate
40%
	Paging rate
60%

	PEI associated with 4 POs
	DCI-based PEI
(4 POs×3 subgroups)
	24.7%
	22.6%
	20.4%

	
	Sequence-based PEI
(Alt 3, 4 POs×1 sub-group)
	22.5%
	14.4%
	9.3%

	
	Sequence-based PEI + paging DCI
(Alt 3, 4 POs×3 sub-group)
	23.2%
	17.3%
	13.2%

	PEI associated with 2 POs
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]DCI-based PEI
(2 POs×8 subgroups)
	25.4%
	25.7%
	25.4%

	
	Sequence-based PEI
(Alt 3, 2 POs×1 sub-group)
	22.5%
	[bookmark: _GoBack]14.4%
	9.3%

	
	Sequence-based PEI + paging DCI
(Alt 3, 2 POs×8 sub-group)
	23.5%
	18.4%
	15.0%



Similar with the observation in Table 5, the DCI-based PEI has a lager power saving gain according to the results in Table 6.

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

Resource overhead
As discussed in previous meeting, the resource occupied per PO/UE group can be described as below:
Resource overhead per PO/group = (Required RE number ensuring no paging detection performance impact) × (PEI transmission probability) ÷ (Number of POs/groups).
In this section, only the case that paging PDSCH is not configured with TB scaling is considered. Hence, the required aggregation level of DCI-based PEI with SCL decoding is 4, the required aggregation level of DCI-based PEI with ML decoding is 2, and at least two symbols are needed for TRS-like PEI and SSS-like PEI according to the link level simulation.
Behv-A
For DCI-based PEI, a PEI can indicate whether the UEs corresponding to 12 POs/groups need to receive PO. Therefore, the occupied resources of DCI-based PEI are shared by 12 POs/groups.   
For sequence-based PEI, when each sequence corresponds to one PO/group, the PEI transmission probability is equals to the group paging rate. When sequence-based PEI is associated with multiple POs/groups, the resource overhead will be multiplied, therefore the resource overhead per PO is equal to the resource overhead when one PEI corresponds to one PO. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK8]What’s more, when the dynamic rate-matching/resource sharing cannot be achieved by network implementation , the resources configured to sequence-based PEI will always be occupied by PEI to ensure no collision with other RRC connected state UEs in the cell, which are equal to 288 REs for TRS-like PEI and 264REs for SSS-like PEI(with semi-static RM).
Behv-B
For resource overhead calculation when Behv-B is assumed, the key difference is the transmission probability of PEI. For example, for DCI-based PEI, when the group paging rate of each PO/group is 10%, the transmission probability of DCI based PEI is approximate to 1 when the DCI-based PEI is associated with 12 POs/group. Therefore, the resource overhead of DCI-based PEI per PO/group is equals to 24REs (i.e., 72×4×1÷12).
For sequence-based PEI, when one PEI corresponds to one PO, the PEI transmission probability is equals to 0.9. For semi-static rate matching, the resource overhead of TRS-like PEI and SSS-like PEI per PO/group are 288REs and 264REs, respectively.
To sum up, the resource overhead of PEI can be summarized in Table 7.

Table 7 Number of occupied REs by PEI
	
	Behv-A
	Behv-B

	
	RG = 10%
	RG = 40%
	RG = 60%
	RG = 10%
	RG = 40%
	RG = 60%

	DCI based PEI(12 POs)
	17.2(AL 4),
 or 
8.6(AL 2)
	24(AL 4),
 or 
12(AL 2)
	24(AL 4),
 or 
12(AL 2)
	24(AL 4),
 or 
12(AL 2)
	24(AL 4),
 or 
12(AL 2)
	24(AL 4),
 or 
12(AL 2)

	TRS-like PEI
(1 PO)
	dynamic resource sharing
	28.8
	115.2
	172.8
	259.2
	172.8
	115.2

	
	semi-static resource sharing
	288

	SSS-like PEI
(1 PO)
	dynamic resource sharing
	26.4
	105.6
	158.4
	228.6
	158.4
	105.6

	
	semi-static resource sharing
	264

	Note: 
For DCI-based PEI, one PEI corresponds to 12 POs; 
For sequence-based PEI, one PEI corresponds to one PO.



According to Table 7, it can be observed the DCI-based PEI occupies less resources compared to sequence-based PEI, especially for the large paging rate. Note that when the paging rate is small, the resource overhead with Behv-A is less than that of Behv-B. While the resources occupied by the three PEI candidates with Behv-A are larger than the case of Behv-B. What’s more, if other channels or signals collided with the PEI have higher priority, network can prioritize the transmission of other channels or signals by implementation. It will not impact the delivery of the paging message as UE will wake up to detect PO if PEI is not detect. In an extreme case, the resource overhead can be reduced to, for example, 0 at the cost of UE power saving.
[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]DCI based-PEI occupies less resources for both Behv-A and Behv-B.

Other aspects of PEI
2.2. [bookmark: OLE_LINK12]
2.3. 
2.4. 
· Conveyed information
When PEI indicates that there is no paging message, the power saving gain comes from the skipping of PO reception. However, it should be noted that in addition to the scheduling information of paging message, the paging DCI also carries other important information, such as systemInfoModification and etwsAndCmasIndication which are indicated in short message. The delivery of other information carried in the legacy paging DCI should be considered in the design of PEI.
Besides, the periodic TRS configured to RRC connected mode UE can also be broadcasted via SIB to assist the RRC idle/inactive state to acquire ACG and synchronization. If the periodic TRS is not available, for example, due to there is no RRC connected mode UE in the cell, the network has the flexibility to stop to transmit the periodic TRS for RRC idle/inactive UE. The availability indication of TRS to RRC idle/inactive UE is necessary to achieve power saving purpose and guarantee no performance degradation. And this availability indication can be conveyed by PEI, otherwise UE has to detect paging DCI for the availability information of TRS
[bookmark: _Toc4646][bookmark: _Toc71707436][bookmark: _Toc68621489][bookmark: _Toc12351][bookmark: _Toc16936][bookmark: _Toc8943][bookmark: _Toc25809]The system information change and availability indication of periodic TRS can be conveyed by PEI.
· [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Flexibility
Compared with sequence-based PEI, DCI-based PEI has higher flexibility. For example, DCI-based PEI can be flexibly adapted to different number of associated POs and paging sub-groups. What’s more, the DCI-based PEI has good link adaption as the aggregation level can be configured flexibly. For the UE with reduced receiving antenna, it can obtain better detection performance with higher aggregation level. While sequence-based PEI cannot flexibly adjust its resource occupation to ensure the detection performance for the UE with reduced receiving antenna. 
Furthermore, according the link level simulation results, the performance of DCI-based PEI decoded via ML is significantly improved.
· Workload
For DCI-based PEI, a DCI format similar to DCI format 2-6 can be considered. Regarding the design of search space set and CORESET, the resources of legacy DCI format can be reused. While for sequence-based paging indication, all the factors such as the sequence generation, the resource mapping, suppression of cell interference, etc., should be considered. It is clear that the workload of the design of sequence-based PEI is much heavier.
[bookmark: _Toc6779][bookmark: _Toc25214][bookmark: _Toc11255][bookmark: _Toc1985][bookmark: _Toc6845][bookmark: _Toc14529]Compared with sequence-based PEI, DCI-based PEI has less workload.  

Summary
Summary of the power saving gain and resource overhead
For the above analysis, the power saving gain and resource overhead of DCI based PEI and sequence based PEI can be summarized in Table 8 to Table 11. 
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%




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
	
	
	



Summary of DCI-based PEI and sequence-based PEI
Based on the above discussion, the comparison of DCI-based PEI and SSS/TRS-like PEI is summarized in Table 12.
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]Adopt DCI-based PEI to reduce the paging reception for RRC idle/inactive state UE. 

General design of DCI based PEI
Based on the above analysis, the DCI-based PEI should be adopted for RRC idle/inactive state UE. In this section, the general design of DCI based PEI is discussed. 
PEI to PO mapping
In real deployment, the network can configure more than one PO per Paging Frame (PF) for RRC Idle/Inactive mode UEs. If each PEI corresponds to one PO, there will be a lot of individual PEIs which will increase the PEI overhead. For DCI-based PEI, associating a PEI with multiple POs does not degrade the power saving gain but reduce the system resource overhead according to the above analysis. Therefore, associating a PEI with multiple POs should be considered. Considering the flexible configuration of PO and PF supported by the specification, the number of POs associated with one PEI can be configurable by network to adapt to different deployment scenarios. And to reduce the configuration resource overhead, some legacy parameters, for example, the number of POs in a PF, can be reused. In another way, pre-defining the number of POs associated with one PEI in specification can also reduce the signaling overhead.
[bookmark: _Toc71707438]Associating a PEI with multiple POs should be supported.
[bookmark: _Toc20242][bookmark: _Toc31573][bookmark: _Toc20291][bookmark: _Toc1968][bookmark: _Toc9395][bookmark: _Toc1344][bookmark: _Toc29815]It needs to be discussed whether the number of POs associated with one PEI is fixed in specification or configurable.

Sub-grouping information
According to the power saving gain, the PEI with sub-group indication provides higher power saving gain, especially for the large group paging rate. Therefore, the combination of PEI and sub-grouping indication should be supported. 
For DCI-based PEI, there are multiple bits to separately indicate the UEs corresponding to different sub-groups whether to detect paging DCI or not. Therefore, the power saving gain and detection performance are not affected. 
At least 12 bits of DCI based PEI can be used to transmit valid information. A feasible method for DCI-based PEI is to indicate the sub-grouping information in the form of bitmap. Each bit corresponds to a sub-group, which indicates whether the UE belonging to the sub-group needs to receive a PO. When a PEI is associated with multiple POs, each PO corresponds to a bit field in DCI-based PEI, which can be described in Figure 10. The number of bits in a bit field is determined by the number of sub-groups in the PO. 
[image: ]
Figure 10 Bit structure of DCI-based PEI

[bookmark: _Toc71707439]For DCI-based PEI, bitmap can be used to indicate the sub-grouping information.

PEI occasion(s)
As shown in the section 2.4.1, PEI can be located in multiple positions, such as, before the SSB, after the SSB, or close to the PO. However, the power saving gain from PEI in different positions varies greatly. To exploit the power saving gain as much as possible, the occasion of PEI burst should be close to and after a SS burst. And there should be SSB occasion in the between the PEI and the PO. 
What’s more, a PEI burst with multi-beam should be considered, especially for FR2. Same as other signal/channels transmitted in the idle/inactive mode, PEI can be transmitted more than one occasion, where each occasion can have a predetermined QCL information. Similar to the paging PDCCH, the QCL information of the PEI can be associated with a SSB.
[bookmark: _Toc22246][bookmark: _Toc27684][bookmark: _Toc22759][bookmark: _Toc29653][bookmark: _Toc23246][bookmark: _Toc5420]Multi-beam can be considered for PEI, and the QCL information of the PEI can be associated with a SSB.
As shown in the Figure 11, the position of PEI can be determined by an offset between PEI and PO. If PEI indicates that there is no paging message within the paging cycle, the UE does not execute PO reception and does not process the SSB(s) after PEI and before the PO. Otherwise, the UE processes the SSB and receives the PO. Furthermore, to reduce the energy consumed by PEI detection, the PEI occasions can be confined within a PEI reception window.
[bookmark: _Toc71707440]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
 

Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1: The advantages and disadvantages of Behv-A and Behv-B is summarized in Table 1.
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.
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.
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.
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.
Observation 6: DCI-based PEI with AL adaptation provides more flexibility and better coverage.
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.
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.
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.
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.
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.
Observation 12: SSS-like PEI may impact the initial access procedure and neighbor cell measurement of the legacy UEs.
Observation 13: TRS-like PEI is not good for the power consumption of idle/inactive mode UE due to the large bandwidth.
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.
Observation 15: Based on the simulation results in Figure 5, it can be seen that
a) the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same;
b) the PEI located near the first SSB provides the maximum power saving gain;
c) for PEI without sub-grouping, the power saving gain brought by PEI only will obviously decrease when group paging rate increases.
Observation 16: When discussing the paging enhancement scheme, the larger paging rate (e.g., 20%-60%) should also be considered.
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.
Besides, the power saving gain evaluated in RAN1 with the assumption that the sub-groups per PO are divided based on an equal paging probability. However, according to RAN2 LS, a more flexible and network controlled paging sub-grouping mechanism is expected, which may be beyond the evaluation assumptions in RAN1. Therefore, our suggestion is to support RAN2’s decision and allow the network with sufficient flexibility to implement paging sub-grouping
Observation 18: If the sub-grouping information is carried on the paging PDCCH, the power saving gain is negligible.
Observation 19: For DCI-based PEI, one PEI associated with multiple POs will not degrade the UE power saving gain.
Observation 20: When multiple PEI sequences are used to implement multiple PO/sub-group indication, the detection performance of sequence-based PEI will be deteriorated due to the increased FAR and correlation between the multiple sequences.
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.
Considering power saving gain is an important factor and the impact of power saving gain from Alt2 and the observations in RAN1#104bis-e, Alt 3 (ITDM or FDM technique) are considered in the evaluations of sequence-based PEI associated with multiple POs or sub-groups.
Observation 22: For sequence-based PEI associated with multiple POs or sub-groups, Alt 3 (TDM or FDM technique) are considered.
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.
Observation 24: Whether the sequence-based PEI can provide the synchronization function and replace SSB or not is questionable considering the following factors.
 If gNB does not send the sequence-based PEI but FAR occurs, UE would take noise as PEI for synchronization;
 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.
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.
Observation 26: When sub-grouping is considered, the DCI-based PEI can provide larger power saving gain than sequence-based PEI.
Observation 27: DCI based-PEI occupies less resources for both Behv-A and Behv-B.
Observation 28: Compared with sequence-based PEI, DCI-based PEI has less workload.
Observation 29: It needs to be discussed whether the number of POs associated with one PEI is fixed in specification or configurable.
Observation 30: Multi-beam can be considered for PEI, and the QCL information of the PEI can be associated with a SSB.

Proposal 1:	Behv-B should be supported for PEI design.
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.
Proposal 3:	Supporting the agreements of RAN2 LS, at least 8 sub-groups per PO should be considered.
Proposal 4:	The combination of PEI and sub-grouping indication should be supported.
Proposal 5:	The system information change and availability indication of periodic TRS can be conveyed by PEI.
Proposal 6:	Adopt DCI-based PEI to reduce the paging reception for RRC idle/inactive state UE.
Proposal 7:	Associating a PEI with multiple POs should be supported.
Proposal 8:	For DCI-based PEI, bitmap can be used to indicate the sub-grouping information.
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.
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Appendix A: Simulation assumptions
Table A1. Assumptions for link level simulation 
	Parameters
	Values

	Carrier Frequency
	4GHz

	Transmission BW
	20MHz

	SCS
	30KHz

	Antenna Configuration
	2Tx and 4Rx

	Channels
	TDL-C
300 ns delay spread
100 Hz Doppler shift

	Frequency error
	0 PPM for paging-PDCCH/PDSCH;
[-0.5,0.5] PPM for PEI.

	PDCCH configuration
	Paging DCI: AL8/16, 41 info + 24 CRC bits, REG bundle size 6;
DCI-based PEI:AL4/8, 12 info + 24 CRC bits, REG bundle size 6.

	PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling factor 1/0.5, DMRS type 1 with 2-symbol additional DMRS




Appendix B: Simulation results of sequence based PEI

· TRS-like PEI
[image: ]
Figure B1 JMDR performance of TRS-like PEI and paging PDCCH - Behv-A

[image: ]
Figure B2 JMDR performance of TRS-like PEI and paging PDCCH - Behv-B

· SSS-like PEI

[image: ]
Figure B3 JMDR performance of SSS-like PEI and paging PDCCH - Behv-A

[image: ]
Figure B4 JMDR performance of SSS-like PEI and paging PDCCH - Behv-B
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