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1 Introduction 

In the past RAN2 meeting it has been agreed that default association mechanism be the baseline for PF/PO design .[1] This contribution provides our consideration on this aspects.

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 [2]. 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[3]. 
The periodicity of SSB to RMSI monitoring window association in case of pattern 1 is 20ms [3]. 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).

Therefore, in case of default association mechanism, PF/PO calculation should be investigated separately for pattern 1 and pattern 2. This is done in the following sections. 
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 [4][5], 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 [3]):

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 [3]):
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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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PF/PO calculation ---with SSB / RMSI / Paging multiplexing Pattern  2& 3

As described above, SSB to RMSI monitoring window multiplexing pattern 2&3, association between SSB and monitoring window containing RMSI PDCCH is same as periodicity of SSB(e.g. 5ms, 10ms, 20ms, 40ms, 80ms, 160ms). Based on the SSB periodicity and the PF/PO calculation formula [4][6], PO calculation for pattern 2&3 is as shown below. The paging frame (PF) is adapted from the PF calculation in LTE:

	PF, PO are determined by following formula using the DRX parameters provided in System Information:

PF is determined as the SFN that satisfies the following equation:

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

In case SSB period belongs to {10ms,20ms,40ms,80ms,160ms}: there is only 1 PO in the PF, PO starts from the begging of SFN of PF, PO’s length is same as SSB burst period
In case SSB period is 5ms, there can be case that two POs in the PF in this case, the index i_s pointing to start point of SSB in PF is given by: 
i_s = UE_ID mod 2
The following Parameters are used for the calculation of the PF, PO：

-
T: DRX cycle of the UE

- M = max ( S, 1) 

- Ns = (T div M)*nR

- N = max (Ns , 1)

-
nR: 1,1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, and 1/256, nR is the ratio of configured number of POs relative to the maximum number of POs within the DRX cycle, e.g, when S =1 and T = 32, the maximum number of POs number in this case is 32, nR = 1/2 means 16 POs are configured during the DRX cycle (T  = 32).
- S: SS burst set periodicity in terms of number of Frames. e.g, S = 0.5 for 5ms, S = 2 for 20ms SS burst set periodicity etc.


Based on the description , it shown that the PO/PF calculation are quite different for pattern 1 and pattern 2/3 . 

Proposal 1: PF/PO calculation should consider  pattern 1 and pattern 2/3 separately.
Paging capacity calculation
Paging capacity can be defined as Number of UEs that need to be able to be paged within a certain time period [7]
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 principal, 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 UE be able to be paged will be reduced in NR, especially for pattern 2&3 using a long SSB periodicity.

Observation 1: The paging capacity in NR seems to be lower than the paging capacity in LTE (especially when multiplexing pattern 2/3 is used with a long SSB periodicity).

It is obviously the baseline association mechanism cannot meet the paging capacity requirement of NR. Enhancement should be considered when design PF/PO calculation.

Proposal 2: PF/PO calculation should support for paging capacity enhancement (compared to baseline association mechanism).

3  Conclusion 

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

Proposal 1: PF/PO calculation should consider  pattern 1 and pattern 2/3 separately.

Proposal 2: PF/PO calculation should support paging capacity enhancement (compared to baseline association mechanism).             
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