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Introduction
In RAN1#104-e [1], the following agreement was achieved, whether and how indication to multiple POs by one PEI should be considered.
	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 


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In RAN1#106bis-e [2], it was agreed that one PEI can be configured to indicate up to 4 PO(s) in a PF, whether to supporting map PEI to 3 POs in a PF and 1 PEI for POs across multiple PFs should be further discussed.
	Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x


[bookmark: OLE_LINK92][bookmark: OLE_LINK93]In this contribution, we discuss on how to configure the number of POs associated with one PDCCH-based PEI. 

Discussion on multiple POs associated with one PEI
The paging early indication (PEI) can provide power saving gains and was agreed to be supported in RAN1#103-e. When supporting PEI in IDLE/Inactive mode, the PEI is the additional resource overhead. In order to control the PEI resource overhead, the generic solution is that one PEI is associated with multiple POs.
Paging occasion configuration
For paging, the PF and PO are determined by the following formula using the DRX parameters provided in System Information (detail description in 38.304). 
	The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024



The parameter N and Ns is used to derive the PO’s location and N*Ns reflect the number of POs in a DRX cycle. Assuming the DRX cycle (T) is 128 radio frames with the parameter N equaling to T and the parameter Ns being 4, the number of POs in a DRX cycle is 512. If the parameter N is T/2 and the parameter Ns is 1, then the number of POs in a DRX cycle is 64, as shown in Figure 1. The density of PO configured within a DRX cycle is derived from the parameter of N and Ns.
[image: ]
Figure 1: Relationship between N, Ns and the number of POs within a DRX cycle
Observation 1: The density of POs configured within a DRX cycle is derived from the paging parameters of N and Ns.
System overhead of PDCCH-based PEI
In order to reduce PEI resource overhead, there are proposals to consider multiple POs associated with one PEI. In RAN1#104, it was agreed that whether and how indication to multiple POs by one PEI is considered. The number of POs associated with one PEI can be configured by gNB. The following method can be used to determine the number of POs associated with one PEI. For the scenario of small number of POs within a DRX cycle, the number of UEs within a PO is relatively larger comparing to that of large number of POs within a DRX cycle. One PEI can provide sub-grouping indication information to one PO. For the scenario of large number of POs within a DRX cycle, one PEI indicates the paging subgroups of multiple POs would reduce the overhead of number of PEIs required. 
Since the number of POs is derived from the paging parameters of (N*Ns). The number of POs associated with one PEI can be determined by the paging parameters of N and Ns. So the number of POs associated with one PEI configured by gNB can consider the paging parameters of N and Ns.
In detail, when N*Ns is larger than a threshold, it implies that the large number of POs is configured in a DRX cycle. The number of POs associated with one PEI needs to increase in proportion in order to maintain the PEI resource overhead and the PEI detection performance. When N*Ns is smaller than the threshold, the number of POs in a DRX is relative small. One PEI is configured to indicate one PO. When N=T and Ns=4, every radio frame is PF and every PF contains 4 POs. So the large number of POs is configured in a DRX cycle, assume one PEI is configured to indicate eight POs in this scenario. When N=T/16 and Ns=1, there is one PF within 16 radio frames and every PF contains 1 PO, the number of POs in a DRX cycle is small, so one PEI is configured for 1 PO, as shown in Figure 2.


Figure 2: An example of determining the number of POs associated with one PEI based on N and Ns
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]When gNB configures the number of POs associated with one PEI, the following mapping between the number of POs associated with one PEI and the paging parameters of N and Ns can be assumed as a base configuration, as given in the Table 1. Considering the power saving gain and PEI resource overhead, the gNB has flexibility to adjust the base configuration and determines the number of POs associated with one PEI in SIB-X.
Table 1: The mapping between the number of POs associated with one PEI and paging parameters of N and Ns
	N
	Ns
	The number of POs associated with one PEI

	T
	4
	8

	T
	2
	4

	T
	1
	2

	T/2
	4
	4

	T/2
	2
	2

	T/2
	1
	1

	Other configuration values
	1



Proposal 1: The number of POs associated with one PEI is configured by gNB considering the following factors:
· Paging parameters: N and Ns.

Conclusion 
In this contribution, paging enhancement in RRC_IDLE/Inactive mode is discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Observation 1: The density of POs configured within a DRX cycle is derived from the paging parameters of N and Ns.
Proposal 1: The number of POs associated with one PEI is configured by gNB considering the following factors:
· Paging parameters: N and Ns.
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