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Introduction
In RAN2#102 meeting, some important agreements have been made for paging [1]:
Agreements:
For default association:
1	Adopt LTE formula (SFN mod T) =  (T div N)*(UE_ID mod N) to derive a first reference point where 
T: DRX cycle of the UE
nB: number of total paging occasions in T
N: min(T,nB)
UE_ID: IMSI mod 1024
2	Add an offset to the first reference point to find the paging reference PF. The offset is configurable. 
3	PO will point to the start of Coreset locations which contain paging DCI for both default association and non-default case.
4	Let Ns = max(1,nB/T). If Ns=1, PO is always the same as RMSI association. If Ns=2, PO is ether beginning of the first or second half frame and UEs are randomly assigned based on IMSI.

Agreements for non-default association:
1	Adopt the following formula to derive a first reference point which satisfies:
(SFN mod T) = (T div N)*(UE_ID mod N)
Where, 
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16
N: min(T, nB)
UE_ID: IMSI mod 1024.
3	Parameters nB, length of default DRX Cycle and offset is signaled in system information.
2	Add an offset to the first reference point to find the paging reference PF. The offset is configurable

In this contribution, we’d like to talk about whether we really have the motivation to add an offset when calculating PF.
Discussion on the necessity of adding an offset for default association case
In RAN2#101bis meeting, some agreements have been made on paging design [2], details are as followed:
Agreements of PO/PF calculation:
1. As a baseline, the association between SSB and monitoring window of PDCCH containing Paging DCI will be same as that between SSB index and its RMSI monitoring window (as defined in TS 38.213). It means the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]According to the agreements above, for default association case, e.g. paging-SearchSpace is not configured, Paging DCI always shares the same PDCCH monitoring window with RMSI. In other words, for default association case, the location of RMSI PDCCH monitoring window is the only location which can be used to put Paging DCI.
Observation 1: For default association case, the location of RMSI PDCCH monitoring window is the only location which can be used to put Paging DCI.
Assume the periodicity of RMSI is TRMSI, DRX cycle is T, the total number of PF within T is N, total number of RMSI PDCCH monitoring window within T is n, the total number of UEs to be paged within T is w. We can quickly know that n= (T/ TRMSI). To simplify our analysis, we give some examples.
Example1: TRMSI=40ms, T=320ms, n=8
all the RMSI PDCCH monitoring window locations within T are{0ms,40ms,80ms,120ms,160ms,200ms,240ms,280ms}

If N=2, according to the LTE PF formula, all the PF locations within T are
{0ms,160ms}
In this case, e.g. N=2, offset is always 0ms. The total number of UEs to be paged within a RMSI PDCCH monitoring window are (w/n)*(n/N)

If N=4, according to the LTE PF formula, all the PF locations within T are
{0ms,80ms,160ms,240ms }
In this case, e.g. N=4, offset is always 0ms. The total number of UEs to be paged within a RMSI PDCCH monitoring window are (w/n)*(n/N).

If N=8, according to the LTE PF formula, all the PF locations within T are
{0ms,40ms,80ms,120ms,160ms,200ms,240ms,280ms}
In this case, e.g. N=8, offset is always 0ms. The total number of UEs to be paged within a RMSI PDCCH monitoring window are (w/n).

If N=16, according to the LTE PF formula, all the PF locations within T are {0ms,20ms,40ms,60ms,80ms,100ms,…,280ms,300ms}
In this case, e.g. N=16, the offset between UEs are different.
For UE_ID mod 2=0, offset=0ms;
For UE_ID mod 2=1, offset=20ms.
The total number of UEs to be paged within a RMSI PDCCH monitoring window are also (w/n).

If N=32, according to the LTE PF formula, all the PF locations within T are {0ms,10ms,20ms,30ms,40ms,50ms60ms,70ms,80ms,90ms,100ms,…,280ms,290ms,300ms,310ms}
In this case, e.g. N=32, the offset between UEs are different.
For UE_ID mod 4=0, offset=0ms;
For UE_ID mod 4=1, offset=10ms;
For UE_ID mod 4=2, offset=20ms;
For UE_ID mod 4=3, offset=30ms;
The total number of UEs to be paged within a RMSI PDCCH monitoring window are also (w/n).

According to the analysis above, we can know that :
If N<=n, offset is always 0ms, so in this case, the offset is not needed; 
If N>=n, no matter what value N is set, The total number of UEs to be paged within a RMSI PDCCH monitoring window are always (w/n), because no matter how many PFs the network configures, total number of RMSI PDCCH monitoring window within T is always a constant value. So N>n is a useless case, N=n can always get the same result compared to N>n. 
Observation 2: Assume DRX cycle is T, the total number of PF within T is N, total number of RMSI PDCCH monitoring window within T is n, the total number of UEs to be paged within T is w.
If N<=n, offset is always 0ms, so in this case, the offset is not needed; 
If N>=n, no matter what value N is set, The total number of UEs to be paged within a RMSI PDCCH monitoring window are always (w/n), because no matter how many PFs the network configures, total number of RMSI PDCCH monitoring window within T is always a constant value. So N>n is a useless case, N=n can always get the same result compared to N>n.
Proposal 1: Remove parameter PF_offset from PF formula for default association case.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion on the necessity of adding an offset for non-default association case
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#AH1807 meeting, RAN2 received a reply LS from RAN1 on defining reserved resources in NR-SIB [3]. RAN1 replied that RAN1 specification defines idle UE rate-matching behaviour only for supported ssb-PositionsInBurst in SystemInformationBlockType1 which means no more reserved resources have been defined by RAN1 at the moment except for SSB burst resources. 
Observation3: No more reserved resources have been defined by RAN1 at the moment except for SSB burst resources.
In RAN2#101 meeting, some basic agreements have been made for paging [4]:
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

According to the agreements above, we know PO can be TDMed or FDMed with an SS block. Combining this agreement with Observation3, we can conclude that for non-default association any radio frame in the system can be used as a PF if needed.
Observation4: For non-default association case, any radio frame in the system can be used as a PF if needed.
So for non-default association case, PF_offset is not needed when calculating PF. 
Proposal 2: Remove parameter PF_offset from PF formula for non-default association case.
Based on proposal1 and proposal2, we can find PF_offset is not needed both for default and non-default association cases.
Proposal 3: Remove parameter PF_offset from PF formula both for default and non-default association cases.
Conclusion
[bookmark: _GoBack]According to the analysis above, we proposal:
Observation 1: For default association case, the location of RMSI PDCCH monitoring window is the only location which can be used to put Paging DCI.
Observation 2: Assume DRX cycle is T, the total number of PF within T is N, total number of RMSI PDCCH monitoring window within T is n, the total number of UEs to be paged within T is w.
If N<=n, offset is always 0ms, so in this case, the offset is not needed; 
If N>=n, no matter what value N is set, The total number of UEs to be paged within a RMSI PDCCH monitoring window are always (w/n), because no matter how many PFs the network configures, total number of RMSI PDCCH monitoring window within T is always a constant value. So N>n is a useless case, N=n can always get the same result compared to N>n.
Observation3: No more reserved resources have been defined by RAN1 at the moment except for SSB burst resources.
Observation4: For non-default association case, any radio frame in the system can be used as a PF if needed.
Proposal 1: Remove parameter PF_offset from PF formula for default association case.
Proposal 2: Remove parameter PF_offset from PF formula for non-default association case.
Proposal 3: Remove parameter PF_offset from PF formula both for default and non-default association cases.
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