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1 Introduction 

In the past RAN2 meeting it has been agreed that the paging occasion (PO) is determined as an offset to a paging frame (PF) and both PF and PO are calculated using a hash function which is based on UE ID. This is largely inline with how it works in LTE. However, in case of NR, the PO position needs to take into account the possibility of beam forming. Specifically, the PO location should be determined based on the location of the SSB and the exact calculation needs to be determined in RAN2. It should be noted that the location of RMSI is also calculated based on the location of the SSB and hence the frame work that RAN1 developed for RMSI monitoring window may be reused to also calculate the location of PO. 

Further, RAN1 has agreed that it is possible that the PO can be multiplexed with the SSB both in time domain (pattern 1) or in frequency domain (pattern 2&3). This also has some implications on how PO location is calculated. In this contribution, we show the details of determining PO location for multiplexing pattern 1 and based on this we evaluate the paging capacity for pattern 1. 
2 Discussion
The monitoring window for paging may be associated with the SSB using a default association (in which case the association is determined using the same mechanism as that of RMSI – see 38.213) or it may use an alternative association (which is based on the transmitted SSBs in the cell). The description of default association and the alternative association mechanisms can be found in [1]. In this contribution we focus on the default association mechanism. These principles may be extended also the method using alternative association for MW based on actually transmitted SSBs. 
The different multiplexing patterns for RMSI and paging are pattern 1, pattern 2 and pattern 3 as shown in Figure 1 below. 
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Figure 1: multiplexing options between paging DCI and SSB
If the default association is used, the periodicity of SSB to RMSI monitoring window association also influences the periodicity of paging occasion/Paging frame. The periodicity of SSB to RMSI monitoring window association for pattern 1 is different from pattern 2 & 3[2]. 
The periodicity of SSB to RMSI monitoring window association in case of pattern 1 is 20ms [2]. The periodicity of SSB to RMSI monitoring window association pattern 2&3 is same as that of the periodicity of SSB (e.g. 5ms,10ms,20ms,40ms,80ms,160ms).

PF/PO calculation ---with SSB / RMSI / Paging multiplexing Pattern 1
As described above, SSB to RMSI monitoring window multiplexing pattern 1, association between SSB and monitoring window containing RMSI PDCCH gets repeated after 20 ms. Then the periodicity of SSB to RMSI monitoring window association pattern 1 is 20ms. This can be shown in the Figure 1 below. 
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Figure 2: Default association between SSB and RMSI and paging

Based on the periodicity and the PF/PO calculation formula [3][4], PO calculation formula is show below. 
	PF, PO are determined by following formula using the DRX parameters provided in System Information:

1:PF is given by following equation (see [2]):

SFN mod T= (T div N)*(UE_ID mod N)      – (i.e. calculate SFN that satisfies the above equation)
PF = SFN + 
[image: image3.wmf]ë

û

(

)

ë

û

m

m

,

frame

slot

2

N

M

i

O

×

+

×


2:The slot containing monitoring window within the paging occasion derived from following calculation (see [2]):
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The following Parameters are used for the calculation of the PF, PO：
-
T: DRX cycle of the UE

-
nB: T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256

-
N:min(T,nB)

           - 
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Paging capacity

Paging capacity can be defined as Number of UEs that need to be able to be paged within a certain time period [5]
in LTE, the maximum number of UEs that can be paged depending on the network configuration can be calculated as follows (taking the DRX cycle of 1.28 seconds as an example). 

· From : 32 = 32 (min # of PFs) * 1 (min # of paging subframes in PF) * 1 (min # of UEs in a paging record)

· To: 8192 = 128 (max # of PFs) * 4 (min # of paging subframes in PF) * 16 (max # of UEs in a paging record)

Based on the same principle, the PF/PO calculation ---with SSB / RMSI / Paging multiplexing Pattern  1 for NR we have the following paging capacity:
· From : 16 = 32 /2(min # of PFs) * 1 (min # of PO in PF) * 1 (min # of UEs in paging record)

· To: 1024 = 128/2 (max # of PFs) * 1 (max # of PO in PF) * 16 (max # of UEs in paging record)

Based on the same principal, the PF/PO calculation ---with SSB / RMSI / Paging multiplex Pattern  2&3:

· From : 32 = 32 (min # of PFs) * 1 (min # of PO in PF, in case of 5ms) * 1 (min # of UEs in paging record)

· To: 4096 = 128 (max # of PFs) * 2(max # of PO in PF ,in case of 5ms) * 16 (max # of UEs in paging record)

	
	SSB periodicity = 5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	Min number of UE be able to be paged in 1.28 sec
	32
	32
	16
	8
	4
	2

	Max of UE be able to be paged in 1.28 sec
	4096
	2048
	1024
	512
	256
	128


The number of UEs that can paged will be reduced in NR, especially for pattern 2&3 using a long SSB periodicity.

Observation 1: The paging capacity in NR is lower than the paging capacity in LTE.
3             Conclusion 

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

Proposal 1: The PF, PO calculation for multiplexing pattern 1 is as follows:
	PF, PO are determined by following formula using the DRX parameters provided in System Information:

1:PF is given by following equation (see [2]):

SFN mod T= (T div N)*(UE_ID mod N)      – (i.e. calculate SFN that satisfies the above equation)
PF = SFN + 
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2:The slot containing monitoring window within the paging occasion derived from following calculation (see [2]):

            


The following Parameters are used for the calculation of the PF, PO：
-
T: DRX cycle of the UE

-
nB: T,T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256

Noting: T can be use as nB only in case 
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Otherwise nB should not configured with value “T”.
-
N:min(T,nB)

           - 
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Observation 1: The paging capacity in NR is lower than the paging capacity in LTE.
Proposal 2: RAN2 should consider mechanisms to enhance the paging capacity in NR
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