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1 Introduction 

Paging in NR has been discussed in the past however how to calculate PO location is not clear. This contribution provides considerations on this aspect.
2 Discussions
2.1 Background 
What is paging occasion in NR ?

Paging occasion in NR has been discussed in SI stage and the agreement was achieved does not take into account the response driven paging mechanism and beam sweeping transmission mode in TRP. The detail of Paging occasion agreement is copied below for reference. 

	2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB.


Observation 1:  Paging occasion is the time interval over which a paging message or paging indication is transmitted by gNB.

How to calculate paging frame (PF) in LTE?
In LTE, UE in IDLE mode periodically wakes up and monitors PDCCH at Paging Occasion (PO) in Paging Frame (PF) in order to check the presence of paging message. PO is a subframe which may carry PDCCH addressing the paging message. UE at first identifies PF (paging frame) based on the calculation based on DRX cycle and UE ID. Then based on configuration, UE identify PO (paging occasion) in the PF. The same mechanism is also applied to NR.

Observation 2: Take the PF/PO calculation mechanism in LTE as baseline for NR.

2.2 Impact of PF/PO calculation mechanism in multi-beam operation
RAN1 provides two methods for paging, the agreement copied below for easy referent.

	· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

Note: Another round of beam sweeping is different from the beam sweeping of SS burst set


PF/PO calculation for Alt-1

2.2.1.1 PF calculation for Alt-1

Proposal 1:  If paging multiplex with SSB, the PF is calculated as follow:
The paging frame (PF) is adapted from the PF calculation in LTE:

	(SFN - K) mod T= M * (UE_ID mod (T div M))
where M = max (S, 1) 

Where T：DRX cycle of the UE
where S: SS burst set periodicity in terms of number of Frames. e.g, S = 2 for 20ms SS burst set periodicity

where  K: SFN K that contains the first SS burst set after SFN 0.


2.2.1.2 PO location in case of  multiplex with SSB
According to the above formula, it is possible to have more than one PO in one PF only when the SSB period is 5ms. When SSB cycle is other cases (10ms, 20ms, 40ms, 80ms, 160ms), there is only one PO in one PF.

Proposal 2: If paging multiplex with SSB, the PO is calculated as follow:

	Index i_s pointing to PO in PF in case of SSB period = 5ms,

i_s = UE_ID mod 2


2.2.2 PF calculation for Alt-2

Proposal 3: If paging not multiplex with SSB, the PF is calculated as in LTE.
	PF is given by following equation:

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


2.2.2.1 PO location in case of paging not multiplexed with SSB
It was agreed that Paging occasion can consists of multiple time slots. In case of beam sweeping, the actual time length occupied by PO is depends on the number of SSB in the cell and the value SCS (Sub Carrier Spacing). As shown in the table, the actual time occupied by SSB can be a reference for Paging occasion[1]

Table 1 the actual time length occupied by SS blocks in different NR case 
	
SCS
Maximal
SSB number
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz

	L=4 for up to 3GHz case
	2 subframe
	1 subframe
	N/A
	N/A
	N/A

	L=8 for from 3GHz to 6GHz case
	4 subframe
	2 subframe
	N/A
	N/A
	N/A

	L=64 for 6GHz to 52.6GHz case
	N/A
	N/A
	N/A
	More than 4 subframe
	More than 2 subframe


Therefore, the length of PO varies in the multi-beam scenario. And PO in the number of PF is also changing. A direct approach is to configure the location of the PO in the PF in the system broadcast message.

Proposal 4:  If paging not multiplexed with SSB, the location of PO in PF is configurable. The configuration is provided in RMSI.

3 Conclusion 

Based on all the analysis above, we give our proposals as:

Proposal 1: If paging multiplexed with SSB, the PF is calculated as follow:
The paging frame (PF) is adapted from the PF calculation in LTE:

	(SFN - K) mod T= M * (UE_ID mod (T div M))
where M = max ( S, 1) 

Where T：DRX cycle of the UE
where S: SS burst set periodicity in terms of number of Frames. e.g, S = 2 for 20ms SS burst set periodicity

where  K: SFN K that contains the first SS burst set after SFN 0.


Proposal 2: If paging multiplexed with SSB, the PO is calculated as follow:
	Index i_s pointing to PO in PF in case of SSB period = 5ms,

i_s = UE_ID mod 2


Proposal 3: If paging not multiplexed with SSB, the PF is calculated as in LTE.
Proposal 4: If paging not multiplexed with SSB, the location of PO in PF is configurable. The configuration is provided in RMSI.
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