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Introduction
In RAN1 #104-e, paging early indication for paging enhancement was discussed and the following was agreed:
Agreement:
· 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
· Other multiplexing method with legacy channels/signals can be additionally reported with justification
Agreements:
· 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%, 
a. When Behv-A is assumed: 
i. 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
ii. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
b. When Behv-B is assumed: 
i. 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
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
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 

Agreements:
Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.

In this contribution, we evaluate PDCCH and sequence-based paging early indication with link level simulations.
Discussion
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 and 40 bits is assumed, and aggregation levels 4, 8 and 16 are simulated. For the sequence-based indication, SSS and TRS sequences are used. Detailed simulation assumptions are provided in the Appendix.
The misdetection performance of the paging PDCCH with 12 bits and paging PDSCH is provided in Figure 2‑1 and Figure 2‑2, respectively. We can see from the figure that paging PDCCH is robust to frequency offset while the performance of the paging PDSCH degrades significantly at higher levels of CFO. Therefore, by the time the UE is monitoring the paging occasion, it needs to reduce the CFO to an acceptable level. 
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[bookmark: _Ref68604179]Figure 2‑1 Paging PDCCH performance
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[bookmark: _Ref68604185]Figure 2‑2 Paging PDSCH performance 
Figure 2‑3 illustrates the misdetection rate (MDR) of paging early indication based on PDCCH, SSS, and TRS. In this simulation, 12 bits with ALs 4, 8, and 16 are assumed for PDCCH. In addition, for comparison purposes, 40-bit PDCCH with AL16 is also shown. For SSS and TRS, a single sequence is used.
From the figure, we can see that the performance of SSS is better than TRS and the difference between the two gets larger if 2 symbols are used for SSS. The performance of SSS is also better than 12-bit PDCCH with ALs 4 and 8. The 1% MDR of 12-bit PDCCH with AL16 is about 2dB better than 1-symbol SSS and 1 dB better than 2-symbol SSS. The gain disappears, however, if 40 bits are used for PDCCH and then 2-symbol SSS outperforms the PDCCH by about 1 dB.
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[bookmark: _Ref68604436]Figure 2‑3 Comparison of PDCCH, SSS, TRS for paging early indication

Observation 1: The MDR performance of SSS is better than TRS and 40-bit PDCCH. It is worse than 12-bit PDCCH AL16 by about 1 dB.
When the evaluation methodology agreed in the last meeting for Behv-A and Behv-B is used to compare the various paging early indication schemes, it is seen that all three can meet the requirements except the PDCCH with AL4.

[image: ]
[bookmark: _Ref68605348]Figure 2‑4 SSS performance with different number of sequences, symbols and varying CFO
Figure 2‑4 shows the performance of SSS with varying levels of CFO and subgroup indication. For subgroup indication, it is assumed that N different sequences are available (e.g., N = 8) and each sequence is transmitted to indicate one subgroup. In a set of resources, a single sequence is transmitted at a time. The figure shows that SSS is robust against CFO and its performance does not degrade as the number of sequences is increased. Note that PDCCH also presents the same behavior although the relevant figure is omitted here.
Observation 2: SSS performance is robust against CFO and using multiple sequences for subgroup indication does not degrade the MDR.

Discussion
One aspect that needs to be considered is the capacity and overhead 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 UEs in a cell with the lowest SNR, an AL of at least 8 may be necessary. The overhead of the sequence-based indication, however, depends on the number of UE groups since a separate sequence needs to be transmitted on a distinct set of resources for each subgroup.
Figure 2‑5 shows the probability of 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 may be concluded that, for sequence-based schemes, at most 2 sequences are sufficient for a given PO. As the paging rate increases, the number of sequences required would increase proportionally. 
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[bookmark: _Ref68606078]Figure 2‑5 Probability of paging n subgroups 
In the following, the overhead of the various schemes is compared:
Overhead of SSS = 
1 symbol: 127, 254 REs for 1, 2 subgroups
2 symbols: 254, 508 REs for 1, 2 subgroups
Overhead of TRS = 
288, 576 REs for 48 and 96 RBs (1 subgroup). The number of REs will double for 2 subgroups.
Overhead of PDCCH = 
576, 1152 REs for ALs 8, and 16 (regardless of the number of subgroups)
With the assumed parameters, the resource occupation probability becomes 1-(0.9)8 = 0.57. Then, even if it assumed that resources for SSS are allocated at all times while the resources used by PDCCH is scaled by resource occupation probability, the average overhead of 1-symbol SSS is still less than the overhead of PDCCH (127, 254 REs vs. 328, 656 REs). 
From the above discussion, it can be concluded that the overhead of SSS is smaller than that of TRS and PDCCH, while its misdetection performance is better than TRS and is comparable to PDCCH. Therefore, the following is proposed:
Proposal 1: SSS is adopted for paging early indication.
Summary
In this contribution, we have discussed and evaluated various candidates for the design of paging early indication and have made the following observations and proposal: 
Observation 1: The MDR performance of SSS is better than TRS and 40-bit PDCCH. It is worse than 12-bit PDCCH AL16 by about 1 dB.
Observation 2: SSS performance is robust against CFO and using multiple sequences for subgroup indication does not degrade the MDR.

Proposal 1: SSS is adopted for paging early indication.
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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

	SSS
	127 REs, 1 or 2 symbols

	TRS
	48 or 96 RBs, 3 REs per RB, 2 symbols (1 slot)

	PDCCH
	Aggregation level: 4, 8 or 16
DCI size: 12 bits, 40 bits
24-bit CRC

	CFO
	Uniformly distributed between [-X X] ppm, X = 0, 0.1. 0.5
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