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1. Introduction
In RAN2 #99bis meeting, it was agreed that PO defines a number of slots where the UE has to monitor the PDCCH (reference stage 2). RAN2 has not decided whether or not the message is in the same slot(s). RAN2 assume that RAN1 can make this decision. 
Paging has been discussed in both RAN1 and RAN2. But how to calculate the paging occasion and the frequency location for paging message is not decided. In this paper, we will address this issue. 
2. Discussion
2.1. PO Calculation
In LTE, Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH. While in NR, smaller granularity, slot, is considered. In stage-2 discussion, it was agreed that UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. In RAN2 #99bis meeting, in the Reply LS to RAN1 [1], it was agreed that PO defines a number of slots where the UE has to monitor the PDCCH. Due to support beam sweeping, paging occasion can consists of multiple time slots. The PO duration in NR may longer than a subframe. 
Proposal 1: RAN2 to confirm that PO is a number of slots  where the UE has to monitor the PDCCH.  

In LTE, PF and PO calculation is used to determine the frame and subframe for UE to monitor PDCCH addressing paging message. In NR, we suppose similar approach can be also re-used as the baseline to calculate the PF and PO. Slot index is assumed to be unique in one frame. 
For PF calculation, same formula as in LTE can be used in NR:
PF is given by following equation:

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

For PO calculation, similar formula can be specified as:
Index i_s pointing to PO from slot pattern will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

The number of slot Ns for PDCCH transmission in the DRX cycle can be configured in system information. The specified slot pattern should be confirmed by RAN1, e.g. 0 4 5 9. 
The following Parameters are used for the calculation of the PF, i_s, which is similar as LTE.
-
T: DRX cycle of the UE. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256.

-
N: min(T,nB)

-
UE_ID: IMSI mod 1024
Proposal 2: PF and PO calculation in LTE should be reused as baseline in NR. The formula for PF and PO in NR can be specified as:
PF is given by following equation:

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

Index i_s pointing to PO from slot pattern will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

where the number of slot Ns for PDCCH transmission in the DRX cycle can be configured in system information. The specified slot pattern should be confirmed by RAN1, e.g. 0 4 5 9. 
Proposal 3: Send an LS to RAN1 to ask RAN1 to provide the above related parameters for PF and PO calculation: slot pattern when can be used to transmit PDCCH for paging. 
During this discussion, the details of response driven paging mechanism is not considered. Thus, whether PO can be used to indicate the subframe for paging indication can be based on the discussion in response driven paging mechanism.

In our understanding, in response driven paging mechanism, PO can be used to indicate the paging indication. After that, UE can monitor PDCCH after a pre-define time interval. Otherwise, another calculation approach should be defined for paging indication, which will increase the implementation complexity. Detailed can be discussed during on-demand paging.
Proposal 4: In the mechanism of response driven paging, PO can be defined as the time interval where the UE receives paging indication. UE can monitor the following possible PDCCH after a pre-defined time interval from PO. 

2.2. Paging in Wideband
In idle mode, when UE is operating in wideband case, there are multiple BWPs can be camped on. In [2], we discussed the measurement and cell selection/reselection in wideband. It is simple that the UE always camps on the BWP which contains RMSI CORESET resource indicated by the CD-SSB. 
For paging monitoring, in order to saving system resource for paging, it is better to pre-define on which BWP to monitor paging. Otherwise, network needs to send paging message for each UE on all BWPs. The simplest way is to monitor paging on BWP which the UE camps on. From UE perspective, there is only one CD-SSB. While from network perspective, there may be several CD-SSBs for different UEs. But the network cannot know which BWP that contains RMSI CORESET resource indicated by the CD-SSB the UE camps on. In this way, the network only needs to send paging on all BWP that contains RMSI CORESET resource indicated by the CD-SSB. 
Besides, in RAN1 #91 meeting, it was agreed that for paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH. Where the initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI. Thus, the UE only need to monitor paging on the initial active DL BWP which contains RMSI CORESET resource indicated by the CD-SSB.
Proposal 5: a UE only monitors paging on the initial active DL BWP which contains RMSI CORESET resource indicated by the CD-SSB.
3. Conclusion
In this contribution, we discuss the paging in NR, including PF, PO, and the BWP in idle mode for paging. Based on the discussion, we have the following proposals:
Proposal 1: RAN2 to confirm that PO is a number of slots where the UE has to monitor the PDCCH.  

Proposal 2: PF and PO calculation in LTE should be reused as baseline in NR. The formula for PF and PO in NR can be specified as:

PF is given by following equation:

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

Index i_s pointing to PO from slot pattern will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

where the number of slot Ns for PDCCH transmission in the DRX cycle can be configured in system information. The specified slot pattern should be confirmed by RAN1, e.g. 0 4 5 9. 
Proposal 3: Send an LS to RAN1 to ask RAN1 to provide the above related parameters for PF and PO calculation: slot pattern when can be used to transmit PDCCH for paging. 

Proposal 4: In the mechanism of response driven paging, PO can be defined as the time interval where the UE receives paging indication. UE can monitor the following possible PDCCH after a pre-defined time interval from PO. 

Proposal 5: a UE only monitors paging on the initial active DL BWP which contains RMSI CORESET resource indicated by the CD-SSB.
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