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Discussion
1 Introduction

In the last meeting, RAN2 achieved the following agreements and sent LS to the RAN1.
Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.
1
For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.

2
For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.
3
Support to configure Ns and N value instead of nB.

In this contribution, we discuss the restriction of paging occasion.
2 Discussion
For non-default association, RAN2 agreed that (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. However, some issues for the PO determination are remained. At first, unnecessary power consumption may be caused if the (i_s+1)th PO starts from the (i_s*N)th PDCCH monitoring occasion. For example, if the paging-searchSpace is configured as figure1, the number of PDCCH monitoring occasions in a paging-SearchSpace is 4. Because the PDCCH monitoring occasions are not tied with beams, the network can use four beams or three beams and the number of actual transmitted SSB can be four or three. If the number of actual transmitted SSBs is 4, all PDCCH monitoring occasions for 1st PO are in first paging-SearchSpace. However, if the number of actual transmitted SSBs is 3, one PDCCH monitoring occasion for 2nd PO is in first paging-SearchSpace and other two PDCCH monitoring occasions for 2nd PO are in second paging-SearchSpace as in the figure1. So, UE associated to the 2nd PO wakes up from the last PDCCH monitoring occasion in the first paging-SearchSpace to the second PDCCH monitoring occasion in second paging-SearchSpace. Therefore, unnecessary power consumption may be caused. RAN2 needs to consider a restriction for reducing the unnecessary power consumption.
Observation 1: Unnecessary power consumption may be caused if the (i_s+1)th PO starts from the (i_s*N)th PDCCH monitoring occasion. 
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Figure1: The example of unnecessary power consumption.
The paging-SearchSpace has periodicity, offset, and duration. The SFN for the PF is calculated by PF_offset, N, and UE_ID where the “N” is the number of PFs in the DRX cycle of the UE (i.e. Min (T, the number of PFs in the DRX cycle of the UE)) and Ns is the number of POs for one PF (i.e. Max (1, the number of POs for one PF)). However, if the radio frame is not evenly divided by the periodicity of paging-SearchSpace or the periodicity of the paging-SearchSpace is not a multiple of radio frame, the PF calculation would not be easy to be described as following. 
	SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) 

Index (i_s), indicating the start of the PO, is determined by: 

i_s = floor (UE_ID/N) mod Ns


For example, if the periodicity of paging-SearchSpace is 8slot as in the figure2, the number of PFs in the DRX cycle (320ms) of the UE (i.e. N) would be 32. The paging is expected to be evenly distributed. However, the number of POs for one PF can be one or two and it is not static in a PF. So, it is hard to define the Ns value. Therefore, RAN2 needs to consider a restriction for periodicity of paging-SearchSpace for using the achieved formula.
Observation 2: If the radio frame is not evenly divided by the periodicity of paging-SearchSpace or the periodicity of the paging-SearchSpace is not a multiple of radio frame, the PF/PO calculation would not be easy to be described.
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Paging-SearchSpace configuration
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Figure2: The example of exception in non-default paging association calculation.
To solve the problem of observation1, we propose that the (i_s+1)th PO for non-default association is the (i_s+1)th paging-SearchSpace in a PF. For example, if the number of SSBs in a PO is 3 and the PDCCH monitoring occasion in a PO is 4, one PDCCH monitoring occasion would be reserved for other usages (e.g. UL conflict or SSB transmission) as in figure3. Then, UE can easily find its PO and it is simple to calculate. In addition, if UE receives the additional parameter to indicate the first useful PDCCH monitoring occasion of each paging-SearchSpace in a PF, UE would not need to monitor all PDCCH monitoring occasion and the power consumption would be reduced. The useful PDCCH monitoring occasion should be less than available PDCCH monitoring occasion in a paging-SearchSpace. To support the solution, following restrictions for non-default association paging should be applied. 
1)  The one paging-SearchSpace has one beam sweep. (e.g. if the four PDCCH monitoring occasions are in a  paging-SearchSpace, the number of beams should be less than four)

2)  The number of useful PDCCH monitoring occasions should be less than the number of available PDCCH monitoring occasion in a paging-SearchSpace.
3)  The remaining PDCCH monitoring occasions in a paging-SearchSpace are reserved for other usages. (e.g. UL conflict or SSB transmission)
Proposal 1: The (i_s+1)th PO for non-default association is the (i_s+1)th paging-SearchSpace in a PF.
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Figure3: The example of proposal1.
To solve the problem of observation2, we propose that periodicity of paging-SearchSpace should be a multiple or divisor of a radio frame duration. If the periodicity of paging-SearchSpace is a divisor of radio frame duration, Ns would be the number of POs in a PF and it would be static. For example, if the SCS is 15kHz and the periodicity of paging-SearchSpace is 5slot, the Ns would be 2 and it is same in all PF. In addition, if the periodicity of paging-SearchSpace is a multiple of radio frame duration, Ns would be 1 and the PO would be evenly distributed in a DRX cycle. For example, if the SCS is 15kHz, DRX cycle is 320ms and the periodicity of paging-SearchSpace is 20slot, the Ns would be 1 and the PO is evenly distributed in every 20ms.
Proposal 2: The periodicity of paging-SearchSpace should be a multiple or divisor of a radio frame duration.
3 Conclusion
In this contribution, we discussed 
Observation 1: Unnecessary power consumption may be caused if the (i_s+1)th PO starts from the (i_s*N)th PDCCH monitoring occasion.
Observation 2: If the radio frame is not evenly divided by the periodicity of paging-SearchSpace or the periodicity of the paging-SearchSpace is not a multiple of radio frame, the PF/PO calculation would not be easy to be described.

Proposal 1: The (i_s+1)th PO for non-default association is the (i_s+1)th paging-SearchSpace in a PF.
Proposal 2: The periodicity of paging-SearchSpace should be a multiple or divisor of a radio frame duration.
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