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1 Introduction
In RAN2 #97 meeting, NR paging was discussed and the following agreements were reached.
Agreements

1:  UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2:  UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3:  The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.
4:  The number of paging occasions in the DRX cycle is configurable and provided in system information.
5:  If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6:  RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7:  Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enable transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8:  The number of time slots in a paging occasion is provided in system information.
And also in RAN1, the following agreements were agreed.

RAN 1 Agreement:

· For paging in multi-beam operation, beam sweeping is supported for paging. 
· For the paging channel design at least for RRC idle mode, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH.

In this contribution, we discuss the determination of paging occasion and time slot(s) in the paging occasion in NR when beam sweeping for paging is supported and provide our proposals.
2 Discussion
2.1 Paging occasion determination
In LTE, UE is required to determine and monitor the calculated radio frame during one paging DRX cycle, and then monitor the specific subframe patterns in the calculated radio frame. 
According to the RAN1 agreement that DL SYNC signal can be swept during 5ms window as following.

Agreements: （RAN1 89）
–      The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

–      Within this 5 ms window, number of possible candidate SS block locations is L

It is expected that the paging beams can be swept during 5ms window. If it is assumed that SFN with 10ms length is also applied to NR, UE can receive the paging message during 10ms window length. Hence, UE should firstly determine the paging frame where its paging may occur.
The paging frame calculation mechanism in LTE takes UE ID, UE paging cycle, and paging density into account as following. 
SFN mod T= (T div N)*(UE_ID mod N)
As baseline, the PF calculation mechanism in LTE can be used for PF calculation in NR.
Proposal 1: The PF calculation mechanism in LTE is the baseline for PF calculation in NR.

2.2 PO determination
As discussed in section 2.1, paging beams can be swept during up to 5ms window, if one paging beam sweeping is regarded as on paging occasion, there are theoretically two paging occasions during one paging frame. Hence, once determining the paging frame as section 2.1, UE should determine the paging occasion during the frame. However, how many paging occasions one paging frame can include should be determined by RAN1.
Proposal 2: How to determine paging occasion should wait for RAN1 decision about the possible paging occasions during one paging frame.
2.3 Time slot(s) determination
RAN2 has agreed that paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enable transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision). 
However, paging beam may not occur in all time slots in one PO occasion, which means that it is possible that paging time slot pattern could be applied. The possible time slot patterns should be discussed in RAN1, while RAN2 should support to configure the applicable pattern to UEs in order to save UE power consumption.

Proposal 3: If time slot pattern in one paging occasion is supported, the time slot pattern should be configured to UE.
Proposal 4: Whether to support the time slot patterns is up to RAN1 decision.

During the determined paging occasion, gNB has no idea about the location of the UE to be paged, therefore, gNB should send the paging message in each time slot of the time slot pattern in one paging occasion.

Proposal 5: gNB should send the paging message in each time slot of the time slot pattern in one paging occasion.
Due to the paging sweeping in the time slot(s) of one paging occasion, UE should be able to determine the time slot(s) in which the paging is swept or received at its location. There could be several ways to solve the issue.
Alt1: UE monitors all the configured time slots in one paging occasion. This alternative requires UE to wake up for a long time and will increase UE power consumption.
Alt2: UE monitors the time slot(s) based on the received beam of DL SYNC signal. In this alternative, it is assumed that there is corresponding relationship between the paging time slot in the paging occasion and the TX beam of the DL SYNC signal.
Alt3: UE monitors the time slot(s) in which the last paging is received. This solution is applicable that UE is static or with low mobility or moves only in a limited scope, in this case, UE always camps the same DL TX beam sweeping.
Alt4: UE monitors the time slot(s) determined by Alt2/Alt3 and the adjacent time slots in order to receive paging more reliably.
Alt5: It is up to UE implementation to determine the timer slot(s) of receiving paging message.

Each alternative has pros and cons and it is difficult to determine which is better. Hence, it is suggested that it is up to UE implementation to determine the receiving time slot(s) in one PO.

Proposal 6: It is up to UE implementation to determine the time slot(s) in one paging occasion.

3 Conclusion
In this contribution, we discuss the possible issues related beam-based paging, and provide our proposals.
Proposal 1: The PF calculation mechanism in LTE is the baseline for PF calculation in NR.

Proposal 2: How to determine paging occasion should wait for RAN1 decision about the possible paging occasions during one paging frame.
Proposal 3: If time slot pattern in one paging occasion is supported, the time slot pattern should be configured to UE.

Proposal 4: Whether to support the time slot patterns is up to RAN1 decision.

Proposal 5: gNB should send the paging message in each time slot of the time slot pattern in one paging occasion.
Proposal 6: It is up to UE implementation to determine the time slot(s) in one paging occasion.


