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Introduction
In RAN1 #103-e, evaluation of several paging enhancement techniques for idle/inactive UEs was performed and it was agreed to support paging early indication:

Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS.
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact.

In this contribution, we discuss and compare PDCCH based and sequence based paging early indication.

Discussion
PDCCH-based paging indication:
The PDCCH-based paging indication can use a new DCI format or repurpose an existing format such as DCI format 2_6. Each UE may monitor a bit field within the DCI where the bit field indicates to the UE whether to monitor an associated paging occasion (PO) or not. The index of the bitfield can be determined by the UE using the UE ID.
Supporting a separate paging indication for distinct UE groups can be easily achieved with the PDCCH-based paging indication by adding bitfields to the DCI, potentially at the expense of some degradation in BLER performance. In addition, if supported, the bitfield can contain separate indications for multiple POs.
. 
Sequence-based indication
The paging indication can also be based on a sequence instead of the PDCCH. For example, an SSS based paging indication signal may be expressed as 


where  is the sequence sample index,  is the sequence length;   and  characterize the generator polynomials and ,  are the cyclic shift parameters. The UE may compare the received signal to the indication sequence, e.g., by correlating the received signal with the sequence, and determine to monitor an associated PO if the correlation value is above a threshold. The indication sequence may be generated by setting one or both cyclic shift parameters as functions of the UE ID. In addition, information other than the paging indication, such as system information update, can be transmitted using dedicated sequences.

Evaluation results
The misdetection performance of PDCCH-based and sequence-based paging indication has been compared using link level simulations. For the PDCCH-based indication, a payload of 12 bits is assumed, and aggregation levels 8 and 16 are simulated. For the sequence-based indication, the 127-length SSS sequence is used and the false alarm rate is set to 1%.
The misdetection performance is provided in Figure 2‑1. As we can see from the figure, the misdetection rate of the PDCCH-based indication using AL8 and the sequence-based indication is very similar and almost the same at the 10-2 MDR point. The PDCCH-based indication with AL16 provides about 3.5 dB gain at the same MDR point, but at the expense of a higher overhead. It can also be observed that both schemes are robust to CFO and do not experience any degradation when CFO is present.
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Discussion
One aspect that needs to be considered is the capacity of the paging indication. The overhead of the PDCCH-based indication is dictated by the AL and stays the same regardless of the number of UE groups supported (given that the DCI size is not increased beyond a point as to degrade the misdetection performance). Since the paging indication needs to be detectable by the lowest SNR UEs in a cell, an AL of at least 8 may be necessary. 
The overhead of the sequence-based indication, however, depends on the number of UE groups. For example, for 1 UE group, only one sequence is needed, resulting in an overhead of 127 subcarriers. On the other hand, assuming an overhead of 576 REs similar to the PDCCH with AL8, at most 4 UE groups can be supported, which is less than the capacity of the PDCCH-based indication. However, this number seems to be sufficient to get most of the gain of early paging indication. In addition, it may be possible to transmit multiple sequences on the same REs with acceptable performance degradation.
Another aspect to consider is the detection complexity: the complexity of the sequence-based indication is less than that of PDCCH-based indication. In terms of specification effort, there does not seem to be much difference between the two techniques: The search space for the indication channel/signal should be specified regardless of the method adopted. In addition, the DCI format for the PDCCH-based indication needs to be specified while for the sequence-based method, the details of the sequence design need to be addressed. 
Based on the above discussion, we propose the following:

Proposal 1: Sequence-based paging early indication is adopted for Rel-17.

Summary
In this contribution, we have discussed 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 1 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

	Sequence
	SSS

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

	CFO
	Uniformly distributed between [-0.5 0.5] ppm
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