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Introduction
The following was agreed in RAN2 with regards to paging on the RAN2 ad hoc 1807 meeting [1]:
Agreements:
0		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 agreement 3, the “N” is the number of PFs in the DRX cycle of the UE and Ns is the number of POs for one PF. Previously, these were determined, similar to LTE, based on the parameter nB which is the number of total POs in the DRX cycle of the UE. With this change, the network does not configure nB anymore but configure N and Ns instead and the PF, PO locations are calculated 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 start of the PO, is determined by: 
i_s = floor (UE_ID/N) mod Ns
Here, PF_offset is the configured offset used for PF determination and UE_ID is IMSI mod 1024.

For non-default configuration of paging PDCCH monitoring occasion, N paging PDCCH monitoring occasion should be configured for each PO, where ‘N’ is equal to number of actual transmitted SSBs. The non-default configuration of paging PDCCH monitoring occasion will have impacts on paging procedure in physical layer. In this contribution, issues on the paging PDCCH monitoring with non-default configuration of paging PDCCH monitoring occasion are discussed.

Discussion
According to RAN2 agreement, in a DRX cycle, there are N PFs with Ns POs in each PF. UE determines its PF and PO in the PF based on the UE_ID. In TS 38.304, it is defined that one Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. Since a PO comprises of N paging PDCCH monitoring occasion, it may span several slots. There exists the case that the start point of a PO is located in the first PF but the end point of the PO is located in the second PF. This PO may be partially overlapped with the PO in the second PF, as shown in figure 1.



Figure 1 POs overlapping in different PFs

In figure 1, it is assumed that UE1 and UE2 determine PO1 and PO2 respectively based on UE_ID. The paging PDCCH monitoring occasions of PO1 and PO2 are partially overlapped. During the overlapped PDCCH monitoring occasions, both UE1 and UE2 will monitor PDCCH scrambled by P-RNTI. UE cannot exactly know the PO that the detected paging PDCCH is associated with. UE has to receive PDSCH for paging message to determine whether it is paged. It is not beneficial to UE power saving in paging procedure. If UE can be informed the PF/PO the detected paging PDCCH belongs to, it can determine whether the subsequent PDSCH reception is necessary. A PF specific P-RNTI can be introduced to distinguish different PF or PO. Alternatively, the PF/PO information can be indicated in paging DCI. The details can be FFS. With PF/PO indication, UE can achieve power saving during paging monitoring in case of PO overlapping. 
Proposal 1: gNB informs UE the associated PF/PO of the paging PDCCH detected in the paging PDCCH monitoring occasions. 

For the non-default configuration, there may be many paging PDCCH monitoring occasions configured in a PF. The gNB can indicate UE the paging PDCCH monitoring occasions that one PO comprises of. In a paging radio frame, there are symbols for UL, e.g. RACH resource, and symbols for SS/PBCH block. These symbols cannot be used for paging PDCCH transmission. The symbols containing RMSI CORESET are also not feasible resources for paging PDCCH transmission, when DL bandwidth for paging and RMSI reception is limited. For the paging PDCCH monitoring occasions configured in a PF, it is preferred only those occasions not overlapped with UL, SS/PBCH block and RMSI CORESET symbols are included as the available paging PDCCH monitoring occasions to form POs in the PF. As shown in figure 2, the paging PDCCH monitoring occasions in red are excluded for forming POs. Because these paging PDCCH monitoring occasions overlap with UL, SS/PBCH block or RMSI CORESET symbols. 


Figure 2 POs excluding paging PDCCH monitoring occasions overlapped with specific symbols

Proposal 2: The paging PDCCH monitoring occasions not overlapped with UL, SS/PBCH block and RMSI CORESET symbols are used as the available paging PDCCH monitoring occasions to form POs in the PF.

Conclusion
In this contribution, the issues on paging procedure with non-default paging PDCCH search space configuration are discussed. The following are proposed.
Proposal 1: gNB informs UE the associated PF/PO of the paging PDCCH detected in the paging PDCCH monitoring occasions. 
Proposal 2: The paging PDCCH monitoring occasions not overlapped with UL, SS/PBCH block and RMSI CORESET symbols are used as the available paging PDCCH monitoring occasions to form POs in the PF.
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