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Introduction
In RAN1#104-e [1], the joint miss-detection rate (MDR) of PEI and paging DCI was agreed as the performance metric. MDR of PEI was agreed to be taken as optional metric. In this contribution, the link level evaluation of DCI-based PEI and sequence-based PEI are evaluated, with Behavior-A and Behavior-B respectively.
Evaluation results
Based on the agreements in RAN1#102 e-meeting, the following simulation assumptions are used. And simulation assumptions are summarized in Table 1.
Table 1:  The LLS simulation assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	2TX/4RX

	Subcarrier spacing
	30kHz

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

	Residue frequency error
	PEI with 1 ppm/ 0.5 ppm, paging DCI with 0.5/0.1 ppm
Paging PDSCH with no frequency error

	Paging PDCCH configuration
	AL8/16, 41 info + 24 CRC bits, REG bundle size 6

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS

	DCI-based PEI configuration
	AL=4(288 REs)/8(576 REs)/16(1152 REs)
41 info + 24 CRC bits, or 12 info +24 CRC bits
REG bundle size 6

	TRS-based PEI configuration
	Number of RBs: 48
Number of symbols:
2 symbols in a slot(288 REs)
Density: 3 REs/RB

	SSS-based PEI configuration
	Length: 144
Sequence: same as SSS
Number of symbols: 2(288 REs)



Detection performance of DCI-based PEI and sequence-based PEI 
The PEI can provide substantial power saving gain and was agreed to be supported in RAN1#103 e-meeting. It is FFS whether the PEI is DCI-based or sequence-based. The link level simulation with residue frequency error is performed to compare the DCI-based and sequence-based PEI detection. 
The frequency error of PEI is at 1/0.5 ppm and paging DCI is at 0.5/0.1 ppm correspondingly with the assumption that some frequency error would be corrected during the PEI detection. Since IDLE/Inactive UEs could be configured together in a paging group or paging subgroup, the DCI size budget should be determined based on the worse case scenario, which is for Inactive UEs with configured C-RNTI. With consideration of DCI size budget at 4 with up to 3 DCI size budge for C-RNTI, the DCI size of DCI-based PEI for IDLE/Inactive UEs would need to be aligned with other DCI format size, such as paging DCI with 41 bits. Thus for DCI-based PEI, 41-bit PDCCH with AL of 4/8/16 and 12-bit PDCCH with AL4/8/16 are evaluated. For sequence-based PEI, TRS-based PEI with 1slot and 2 symbols are evaluated.
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 1: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-A(1ppm),Paging PDCCH AL8
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 2: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-A(0.5ppm), Paging PDCCH AL8
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 3: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-A(1ppm), Paging PDCCH AL8
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 4: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-A(0.5ppm) , Paging PDCCH AL8
In the Figure 1 ~ Figure 4, the detection performance for Behavior-A are compared. PDSCH carrying paging message with TB scaling factors 1 with paging PDCCH of AL8 is evaluated. It could be observed that
· Regardless of DCI-based PEI with 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 8 is twice as that of sequence-based PEI. However, both 41-bit DCI-based PEI and 12-bit DCI-based PEI with AL of 8 achieve better JMDR than that of PDSCH carrying paging message with TB scaling 1 at 1% MDR but are worse than that of sequence-based PEI. Thus, even if the radio resource used for DCI-based PEI with AL of 8 is more than that of sequence-based PEI, the sequence-based PEI provides better miss detection performance than that of the DCI-based PEI regardless of JMDR or MDR.
· For DCI-based PEI with 41 bits payload, only AL8/16 can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in JMDR, while sequence-based PEI can satisfy that in both JMDR and MDR.
Observation 1: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of JMDR or MDR with paging PDCCH of AL8, Behavior-A.
Observation 2: Sequence-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR and MDR with paging PDCCH of AL8, Behavior-A.
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(a): JMDR(Mandatory metric)                               (b):MDR(Optional metric)
Figure 5: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-A(1ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b):MDR(Optional metric)
Figure 6: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-A(0.5ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b):MDR(Optional metric)
Figure 7: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-A(1ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 8: Detection performance of 12-bit DCI-PEI and TRS-PEI with Behavior-A(0.5ppm), Paging PDCCH AL16
In the Figure 5 ~ Figure 8, the detection performance for Behavior-A are compared. Paging PDSCH carrying paging message with TB scaling factors 1 and 0.5 with paging PDCCH of AL16 are evaluated. It could be observed that
· Regardless of DCI-based PEI with 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 8 is twice as that of sequence based PEI. However, both 41-bit DCI-based PEI and 12-bit DCI-based PEI with AL of 8 achieve better JMDR than that of PDSCH carrying paging message with TB scaling 1 at 1% MDR but are worse than that of sequence-based PEI.  Thus, even if the radio resource used for DCI-based PEI with AL of 8 is more than that of sequence-based PEI, the sequence-based PEI provides higher miss detection performance gain than that of the DCI-based PEI regardless of JMDR or MDR.
· For DCI-based PEI with 41-bit payload, only AL8/16 can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in JMDR, while sequence-based PEI can satisfy that in both JMDR and MDR.
Observation 3: Sequence-based PEI shows better detection performance than that of DCI based PEI regardless of JMDR or MDR with paging PDCCH of AL16, Behavior-A.
Observation 4: Sequence-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR  and MDR with paging PDCCH of AL16, Behavior-A.
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 9: Detection performance of 41 bits DCI-based PEI and TRS-based PEI with Behavior-B(1ppm), Paging PDCCH AL8
[image: ] [image: ]
(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 10: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-B(0.5ppm), Paging PDCCH AL8
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 11: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-B(1ppm), Paging PDCCH AL8
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(a):JMDR(Mandatory metric)                               (b):MDR(Optional metric)
Figure 12: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-B(0.5ppm), Paging PDCCH AL8
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(a):JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 13: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-B(1ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 14: Detection performance of 41-bit DCI-based PEI and TRS-based PEI with Behavior-B(0.5ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b): MDR(Optional metric)
Figure 15: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-B(1ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                               (b):MDR(Optional metric)
Figure 16: Detection performance of 12-bit DCI-based PEI and TRS-based PEI with Behavior-B(0.5ppm), Paging PDCCH AL16
In the Figure 9 ~ Figure 16, the detection performance for Behavior-B are compared. PDSCH carrying paging message with TB scaling factors 1 with paging PDCCH of AL8 and AL16 are evaluated, respectively. It could be observed that
· Both DCI-based PEI and sequence-based PEI can achieve better JMDR than that of PDSCH carrying paging message with TB scaling 1 at 1% MDR in JMDR with Behavior-B.
· For DCI-based PEI with 41 bits payload, only AL8/16 can satisfy the paging PDSCH of TB scaling 1 at 1% MDR in JMDR, while sequence-based PEI can satisfy that in both JMDR and MDR.
· The detection performance of DCI-based PEI is similar to sequence-based PEI in JMDR.
Observation 5: Both DCI-based PEI and sequence-based PEI can achieve better JMDR than that of PDSCH carrying paging message with  TB scaling 1 at 1% MDR in JMDR with Behavior-B.
Observation 6: Sequence-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR and MDR with Behavior-B.
Observation 7: The detection performance of DCI-based PEI is similar to sequence-based PEI in JMDR with Behavior-B.

Detection performance of TRS-based PEI and SSS-based PEI
Sequence-based PEI can be TRS-based PEI or SSS-based PEI. The detection performance of TRS-based PEI and SSS-based PEI are further analyzed based on Table 1 in Figure 17 ~ Figure 20, the results as shown below.
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(a): JMDR(Mandatory metric)                                           (b):MDR(Optional metric)
Figure 17: Detection performance of TRS-based PEI and SSS-based PEI with Behavior-A(1 ppm), Paging PDCCH AL8
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(a):JMDR(Mandatory metric)                              (b): MDR(Optional metric)
Figure 18: Detection performance of TRS-based PEI and SSS-based PEI with Behavior-A(0.5 ppm), Paging PDCCH AL8
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(a): JMDR(Mandatory metric)                              (b): MDR(Optional metric)
Figure 19: Detection performance of TRS-based PEI and SSS-based PEI with Behavior-A(1 ppm), Paging PDCCH AL16
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(a): JMDR(Mandatory metric)                              (b): MDR(Optional metric)
Figure 20: Detection performance of TRS-based PEI and SSS-based PEI with Behavior-A(0.5 ppm), Paging PDCCH AL16
From the above Figure 17 ~ Figure 20, it could be observed that the detection performance of TRS-based PEI and SSS-based PEI is similar regardless of JMDR or MDR.
Observation 8: The detection performance of TRS-based PEI is similar to SSS-based PEI with Paging PDCCH AL8/16 Behavior-A.
Observation 9: Both the detection performance of TRS-based PEI and SSS-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR and MDR with Paging PDCCH AL8/16  Behavior-A.

Conclusion 
In this contribution, link level performance for DCI-based PEI and sequence based PEI are discussed and analyzed. Based on discussion, there are the following observations and proposals: 
Observation 1: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of JMDR or MDR with paging PDCCH of AL8, Behavior-A.
Observation 2: Sequence-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR and MDR with paging PDCCH of AL8, Behavior-A.
Observation 3: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of JMDR or MDR with paging PDCCH of AL16, Behavior-A.
Observation 4: Sequence-based PEI can satisfy the detection requirement of the paging PDSCH of carrying paging message with TB scaling 1 in both JMDR and MDR with paging PDCCH of AL16, Behavior-A.
Observation 5: Both DCI-based PEI and sequence-based PEI can achieve better JMDR than that of paging PDSCH carrying paging message with TB scaling 1 at 1% MDR in JMDR with Behavior-B.
Observation 6: Sequence-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 0.5/1 in both JMDR and MDR with Behavior-B.
Observation 7: The detection performance of DCI-based PEI is similar to sequence-based PEI in JMDR with Behavior-B.
Observation 8: The detection performance of TRS-based PEI is similar to SSS-based PEI with Paging PDCCH AL8/16 Behavior-A.
Observation 9: Both the detection performance of TRS-based PEI and SSS-based PEI can satisfy the detection requirement of paging PDSCH carrying paging message with TB scaling 1 in both JMDR and MDR with Paging PDCCH AL8/16  Behavior-A.
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