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Introduction
In previous meetings, some potential paging enhancement schemes such as PEI (paging early indication), sub-grouping for paging were discussed. 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 operation including PDCCH/PDSCH reception and SSB processing. In this contribution, more simulation results are provided for different paging enhancement schemes. 
Discussion on performance and power saving gain of PEI
Performance of paging PDCCH/PDSCH and PEI 
In RAN1 #104-e meeting, UE behavior of Behv-A and Behv-B when the PEI is not detected were discussed [1]. For each behavior, the performance evaluation methodology of PEI candidate based on PDCCH, TRS/CSI-RS and SSS is provided. With the link level simulation assumptions in Table A1, the performance of DCI-based PEI are described in the following sections.   
DCI-based PEI with SCL decoding
The joint miss-detection rate (JMDR) performance of DCI-based PEI with SCL decoding and paging PDCCH/PDSCH is shown in Figure 1. 
[image: ][image: ]
(a) Behv-A                                          (b) Behv-B
Figure 1 JMDR performance of DCI-based PEI (SCL decoding) and paging PDCCH

As shown in the Figure 1(a), for PDSCH with TB scaling 1, the JMDR of DCI-based PEI with AL 4 and paging PDCCH fulfills the performance requirement. For PDSCH with TB scaling 0.5, the DCI-based PEI with AL 8 can fulfill the performance requirement.
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.
According to Figure 1(b), we can see that for PDSCH with TB scaling 1, the JMDR of DCI-based PEI with AL 4 and paging PDCCH fulfill the performance requirement. 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%. And the MDR performance and JMDR performance of DCI-based PEI with AL 8 can fulfill the performance requirement by PDSCH with TB scaling 0.5.
[bookmark: _Toc16065][bookmark: _Toc26777][bookmark: _Toc12631][bookmark: _Toc68625338][bookmark: _Toc12131][bookmark: _Toc79085072][bookmark: _Toc71662077][bookmark: _Toc3132]For Behv-A/B, DCI-based PEI with AL 4 fulfills the performance required by paging PDSCH without TB scaling. DCI-based PEI with AL 8 can fulfill the performance requirement by PDSCH with TB scaling 0.5.

DCI-based PEI with ML decoding
The ML decoding can effectively improve the decoding performance of DCI and has little impact on complexity. With ML decoding algorithm, 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 and paging PDCCH (ML decoding)

As shown in the Figure 2, with ML decoding, DCI-based PEI with AL 2 fulfills the performance requirement of TB scaling 1 and DCI-based PEI with AL 4 fulfills the performance requirement of TB scaling 0.5 in the case of Behv-A and Behv-B. What’s more, when the information bits of the DCI-based PEI are reduced, the MDR performance of DCI-based PEI can be further improved.
[bookmark: _Toc71662078][bookmark: _Toc30206][bookmark: _Toc30986][bookmark: _Toc1244][bookmark: _Toc31608][bookmark: _Toc79085073][bookmark: _Toc11097][bookmark: _Toc2579]For Behv-A/B, with ML decoding, DCI-based PEI with AL 2 fulfills the performance requirement of TB scaling 1 and DCI-based PEI with AL 4 fulfills the performance requirement of TB scaling 0.5.

· Impact of CFO on PEI performance
In RRC idle/inactive mode, UE needs to perform at least SSB-based serving cell measurement in each paging cycle. Hence, the UE should not be out-of-sync after one paging cycle. Regarding the CFO for PEI, no more than 0.5 PPM is a reasonable value. To verify the impact of CFO on PEI performance, Figure 3 shows the MDR performance of 12-bit DCI-based PEI with different CFO.
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Figure 3 The MDR performance of DCI-based PEI with different CFO

From Figure 3, it can be seen that with the increase of CFO, the MDR performance of DCI-based PEI is almost unchanged. 
[bookmark: _Toc79085074][bookmark: _Toc27194][bookmark: _Toc26749][bookmark: _Toc21304][bookmark: _Toc13368]The performance of DCI-based PEI with ML decoding is almost unchanged when the CFO increases.
Power saving gain
In different situations, the number of SSBs before PO the UE processes are different. In some cases, two SSBs is enough for UE. In some special cases, such as Redcap UE or poor channel condition, two SSBs before the PO may not meet the synchronization and measurement requirements. In some other cases, only one SSB is needed. Therefore, in this section, we analyze the power saving gain of PEI when different number of SSBs are processed before PO. 
· Three SSBs before PO
The UE processing timeline with three SSBs before PO is provided in Figure 4. 
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Figure 4 UE processing timeline (Three SSBs before PO)
Assume that the offset between PO and the nearest SSB is 10 ms, the power saving gain provided by PEI in different locations are given in Figure 5. Note the PEI is assumed as a wake-up indication. The group paging rate per PO is denoted as “RG”. It can be seen that the PEI located near the first SSB provides the maximum power saving gain. The power saving gains obtained by the PEI located in location 1 and location 2 are basically the same.
[image: 4]
Figure 5 Power saving gain provided by PEI (Three SSB before PO)
 
Figure 6 provides the comparison of power saving gain between DCI-based PEI, sequence-based PEI without synchronization (sequence-w/o-sync) and sequence-based PEI with synchronization (sequence-w-sync). When sequence-based PEI is used for synchronization, it is assumed that PEI can replace one SSB processing.
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Figure 6 Power saving gain of PEI (Three SSB before PO)

According to Figure 6, it can be seen that the power saving gain from DCI-based PEI and sequence-based PEI is almost the same.

· Two SSB before PO
Taking two SSBs before PO as an example, the UE processing timeline can be found in Figure 7. Assume that the offset value between PO and nearest SSB is 10 ms. 
[image: ]
Figure 7 UE processing timeline (Two SSBs before PO)

[image: 7]
Figure 8 Power saving gain provided by PEI (Two SSBs before PO)

Figure 8 shows the power saving gain of PEI in the position 1~5. Based on the simulation results in Figure 8, the same conclusion can be obtained.
· the PEI located near the first SSB (before or after the first SSB) provides the maximum power saving gain.
· the power saving gains obtained by the PEI located in location 1 and location 2 are basically the same.

Herein 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. 
[image: ][image: ][image: ]
Figure 9 Power saving gain from DCI-based PEI and sequence-based PEI (Two SSBs before PO)

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.  

· One SSB before PO
[image: ]
Figure 10 Potential PEI location (One SSB before PO)

As shown in Figure 10, when there is only one SSB before PO, the serving cell measurement relies on this SSB. Therefore, regardless of the PEI position (i.e., position 1~3 in Figure 10) or the PEI type (i.e., DCI-based PEI or sequence-based PEI), UE cannot reduce the processing of SSB. Therefore, DCI-based PEI and sequence-based PEI have the same power saving gain in the same position. 
[image: 11]
Figure 11 Power saving gain provided by PEI (One SSB before PO)

According to the Figure 11, it can be seen the PEI near the SSB can provide higher power saving gain. And the power saving gain corresponding to location 1 and location 2 are basically the same.
Based on the above analysis, we can draw the following observations
[bookmark: _Toc79085075]The PEI located near the first SSB provides the maximum power saving gain.
[bookmark: _Toc79085076]The power saving gains obtained by the PEI located before or after the first SSB are basically the same. 
[bookmark: _Toc79085077]The power saving gain from DCI-based PEI and sequence-based PEI is almost the same. 

Conclusion
[bookmark: _GoBack]In this contribution, we discuss the detection performance and power saving gain of PEI. We have the following observations and proposals.
Observation 1:	For Behv-A/B, DCI-based PEI with AL 4 fulfills the performance required by paging PDSCH without TB scaling. DCI-based PEI with AL 8 can fulfill the performance requirement by PDSCH with TB scaling 0.5.
Observation 2:	For Behv-A/B, with ML decoding, DCI-based PEI with AL 2 fulfills the performance requirement of TB scaling 1 and DCI-based PEI with AL 4 fulfills the performance requirement of TB scaling 0.5.
Observation 3:	The performance of DCI-based PEI with ML decoding is almost unchanged when the CFO increases.
Observation 4:	The PEI located near the first SSB provides the maximum power saving gain.
Observation 5:	The power saving gains obtained by the PEI located before or after the first SSB are basically the same.
Observation 6:	The power saving gain from DCI-based PEI and sequence-based PEI is almost the same.
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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 2Rx

	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, 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, DMRS type 1 with 2 additional DMRS
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