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Introduction
In RAN1 #104b-e, paging early indication (PEI) for paging enhancement was discussed and evaluation results for PDCCH-based, SSS-based, and TRS-based PEI were captured in [1]. In this contribution, we provide further evaluation results and make a recommendation on the design of the PEI.
Discussion
Evaluation results
The misdetection performance of PDCCH-based and sequence-based PEI has been compared using link level simulations assuming Behv-A. Detailed simulation assumptions are provided in the Appendix.
In the evaluations, the non-coherent detection threshold for sequence-based methods is set such that the false alarm rate is 1%. Two false alarm rate definitions have been used:
· FAR(DTX): the probability of false detection when DTX is transmitted. Transmitting DTX emulates the case when resources are allocated for the PEI in a semi-static fashion; so, when the sequence is not transmitted, the allocated resources are not utilized for other purposes.
· FAR(QPSK): the probability of false detection when random QPSK data are transmitted. Transmitting random data emulates the case when resources allocated for the PEI are dynamically shared with other channels. When PEI is not transmitted, those resource can be utilized for other UEs/channels.

Figure 2‑1 compares the MDR of PDCCH, TRS and SSS based PEI while Figure 2‑2 is a zoomed in version of the same figure. From the figures, we can see that the MDR with FAR(DTX) and FAR(QPSK) are close to each other while MDR of FAR(DTX) is slightly better at high SNR. At MDR of 10-2, there is no meaningful difference between TRS and 2-symbol SSS and these two sequence-based schemes are about 1 dB better than PDCCH AL8. The performance of 1-symbol SSS and PDCCH AL4 are worse by 2-to-3 dB and cannot meet the joint MDR requirements. 
Figure 2‑3 illustrates the performance of TRS with CFO of ppm 0.5 and up to 8 sequences in which one sequence out of eight possible sequences are transmitted, resulting in a 3-bit information. We can see from the figure that the performance of the TRS does not degrade with increasing CFO or number of candidate sequences. Figure 2‑4 illustrates the performance of 2-symbol SSS with the same simulation setup and similar observations hold. Although these figures show the results for FAR(QPSK), the same conclusion is also observed for FAR(DTX).
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[bookmark: _Ref68604436]Figure 2‑1 MDR comparison of PDCCH, SSS, TRS for PEI
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[bookmark: _Ref71594131]Figure 2‑2 MDR comparison of PDCCH, SSS, TRS for PEI (zoom in)
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[bookmark: _Ref71594293]Figure 2‑3 MDR of TRS with CFO and 8 sequences
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[bookmark: _Ref71594464]Figure 2‑4 MDR of SSS with CFO and 8 sequences
Overhead comparison
Table 1 provides the number of REs required for each candidate scheme to indicate up to 4 simultaneous UE groups. The overhead of the PDCCH-based indication is dictated by the AL and stays the same regardless of the number of UE groups. The overhead of the sequence-based indication, however, depends on the number of simultaneously indicated UE groups since a separate sequence needs to be transmitted for each subgroup on a distinct set of resources.

[bookmark: _Ref71594615]Table 1 Overehead comparison 
	Number of simultaneously paged UE subgroups
	Overhead (REs)

	
	PDCCH AL8
	PDCCH AL16
	TRS
	2-symbol SSS

	1
	576
	1152
	288
	264

	2
	576
	1152
	576
	528

	3
	576
	1152
	864
	792

	4
	576
	1152
	1152
	1054



Next, Figure 2‑5 shows the probability of simultaneously paging n subgroups (n = 1:8) when the group paging rate is assumed to be 10%. We can see from the figure that the probability of paging more than 2 subgroups is very small. So, it can be concluded that, for sequence-based schemes, at most 2 sequences are sufficient for a given PO. Therefore, from Table 1, it is concluded that for two subgroups, the overhead of PDCCH AL8, TRS and 2-sybmol SSS are very close to each other. However, it should be remembered that the MDR of PDCCH AL8 is about 1 dB worse than the sequence-based methods. PDCCH AL16 can provide better MDR but doubles the overhead.
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[bookmark: _Ref68606078]Figure 2‑5 Probability of paging n subgroups 

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

Proposal 1: Sequence-based paging early indication is adopted for Rel-17.
Summary
In this contribution, we have discussed and evaluated various candidates for the design of paging early indication and have made the following proposal:

Proposal 1: Sequence-based paging early indication is adopted for Rel-17.
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Appendix
Table 2 Simulation assumptions
	Parameters
	Value

	Carrier frequency
	4 GHz

	Channel model
	TDL-C 300ns

	Antenna number at BS
	2

	Antenna number at UE
	2

	Subcarrier spacing
	30 kHz

	SSS
	127 REs, 1 or 2 symbols

	TRS
	48 RBs, 3 REs per RB, 2 symbols (1 slot)

	PDCCH
	Aggregation level: 4, 8 or 16
DCI size: 12 bits
24-bit CRC

	CFO
	Uniformly distributed between [-X X] ppm, X = 0, 0.5
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