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1. Introduction
This paper is a revision of R2-1802108. PF related part in section 2.1 has been added. PO calculation related to response driven paging in section 2.2 has been removed. 
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. 
In RAN2 NR AH#1801 meeting, it was agreed that:
Agreement:

1
From RAN2 understanding for paging in multi-beam operation TX beam sweeping can be performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.

In RAN2 #101 meeting, it was agreed that:
Agreements

1: 
The length of one PO in case of beam sweeping is one period of beam sweeping 

2: 
The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.

3:
The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)

4:
PO can be TDMed or FDMed with an SS block
Agreements

1
Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID
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. PF/PO Definition
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 be 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, Paging Frame (PF) is the radio frame which may contain one or multiple PO(s). In NR, PO is a number of slots where to monitor PDCCH. Based on the above analysis, PO may cross multiple radio frames. In RAN2 #101 meeting, it was agreed that Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID. There are two ways to define the PF:

1) PF is the radio frame(s) which may contain one or multiple PO(s)

2) PF is the radio frame which contains the Start of the PO(s)
The calculation for PO has a lot of solution: some mechanisms may derive the location of P-RNTI on PDCCH directly, the other mechanisms may first derive the location of radio frame and then PO is determined in the range of paging frame. Thus, PF may have different meaning for the different mechanisms. In some case, the length of PO may not be configured by the network. Thus, it is very hard to determine the location of following slots of PO. Moreover, from UE implementation point of view, UE may stop to monitor the PDCCH after reception of PDCCH even still in the period of PO. Thus, the simplest way is to define the PF is the radio frame which contains the start of the PO(s). 
Proposal 2: PF is the radio frame which contains the start of the PO(s). 

2.2. PF/PO Calculation
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 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)

In NR, paging can be transmitted in multi-beam operation. Then, transmission beam sweeping can be performed in paging occasion. The time interval for paging occasion is related to subcarrier spacing configuration. Currently, there is no conclusion in RAN1 what the sweeping pattern is for paging transmission. There is only two alternatives in RAN1 :

· Alt 1: If paging messages are frequency multiplexed with the SS transmission occasions, they could occur only in the frames that contain the SS blocks

· Alt 2: If paging transmissions have a separate round of beam sweeping, their occurrence might be constrained by the beam sweeping pattern

But there is high probability to be more than 1 subframe for paging occasion. If similar formula for PO calculation in LTE were reused to determine the start of paging occasion, overlapping may occur in some configuration.
Observation 1:  There may be overlapping for POs due to the PO pattern considering beam sweeping transmission. 

In order to solve the overlapping problem in NR, the calculation results based on LTE approach should be adjusted. One straightforward approach is the index i_s pointing to PO from slot pattern will be derived from following calculation:
i_s = floor(UE_ID/N) mod ceil(Ns/L), where L is the length of paging occasion. 
The mapping between i_s and PO can be final decided in RAN1. In general, the time interval of paging occasion can be derived based on the parameters provided in system information. The network has responsibility to ensure that the paging transmission pattern for beam sweeping have no overlapping. 
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 3: PF calculation in LTE can be reused as baseline in NR. The formula for PF in NR can be specified as:

PF is given by following equation:

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

Proposal 4: PO calculation in LTE can be reused as baseline in NR. But the overlapping problem should be considered due to beam sweeping. E.g.
Index i_s pointing to PO from slot pattern will be derived from following calculation:

i_s = floor(UE_ID/N) mod ceil(Ns/L)
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 5: Send an LS to RAN1 to ask them to provide the above related parameters for PF and PO calculation: slot pattern which can be used to monitor PDCCH for paging should be final decided in RAN1. 

3. Conclusion
In this contribution, we discuss the paging in NR, including PF and PO. Based on the discussion, we have the following observations and proposals:
Observation 1:  There may be overlapping for POs due to the PO pattern considering beam sweeping transmission. 

Proposal 1: RAN2 to confirm that PO is a number of slots where the UE has to monitor the PDCCH.  

Proposal 2: PF is the radio frame which contains the start of the PO(s). 

Proposal 3: PF calculation in LTE can be reused as baseline in NR. The formula for PF in NR can be specified as:

PF is given by following equation:

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

Proposal 4: PO calculation in LTE can be reused as baseline in NR. But the overlapping problem should be considered due to beam sweeping. E.g.

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

i_s = floor(UE_ID/N) mod ceil(Ns/L)

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 5: Send an LS to RAN1 to ask them to provide the above related parameters for PF and PO calculation: slot pattern which can be used to monitor PDCCH for paging should be final decided in RAN1. 
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