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In RAN1#AH_1801 meeting, the following agreements have been made regarding paging DCI monitoring.
	Agreement
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. 
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.





Figure 1	SSB and RMSI multiplexing patterns
[bookmark: _GoBack]Then the details for paging frame (PF) and paging occasion (PO) were defined RAN2#102 meeting.
	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
Agreement (for non-default association):
As the baseline, the UE monitors the PO pointed to by index i_s, where i_s is derived from the following equation:
i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T);
For i_s = 0, monitor the 1st PO; i_s = 1, monitor the 2nd PO; i_s = 2, monitor the 3rd PO; i_s = 3, monitor the 4th PO.
PDCCH monitoring occasions starting from 1st PDCCH monitoring occasion in the reference frame are sequentially numbered from 0 according to the paging-SearchSpace:
-	1st PO is the start of first the beam sweep; 
-	2nd PO is the start of 2nd the beam sweep; 
-	3rd PO is the start of 3rd the beam sweep;
-	……



While RAN2 have defined the PF/PO formula with considerations on different association between SSB and PO, there are some remaining issues. In this contribution, we discuss the remaining issues for NR PF/PO allocation. 
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Paging PDCCH monitoring when some SSBs are not transmitted
The term “actual transmitted SSB” In RAN1 AH1801 agreements implies that the network may transmit less SSBs than the number of beams it can form. For example, network can form 8 beams but only 6 SSBs are transmitted using 6 beams. Whether an SSB is transmitted or not is indicated by the field (a bitmap) ssb-PositionsInBurst in ServingCellConfigCommon. In case that some SSBs are not transmitted, there can be different interpretation to the association between SSB and paging PDCCH monitoring occasion.
(a) Uncompressed association: SSBs that are not transmitted are indexed. UE skips the paging PDCCH monitoring occasions associated with un-transmitted SSBs. 
(b) Compressed association: SSBs that are not transmitted are not indexed. UE monitors paging PDCCH monitoring occasions continuously. 
The two options are illustrated in the figure below.

Figure 2	Association between SSB and PO when some SSBs are not transmitted
Since the UE knows which SSBs are not transmitted via ssb-PositionsInBurst, both association methods work well. However, uncompressed association is preferred since it does not require the UE to re-index the SSBs and POs. Also, in case ssb-PositionsInBurst is outdated, with uncompressed association UE can simply skip the index of a SSB and corresponding PO if it does not receive the SSB. In contrast, with compressed association, misunderstanding of SSB transmission may result in unexpected paging monitoring behavior.
Proposal 1:	If a SSB is not transmitted, the SSB is still indexed, but UE skips the paging PDCCH monitoring occasion associated with this SSB.
If the above proposal is agreed, the rule should be acknowledged by all UEs and there should not be any additional signaling to indicate the UE PO monitoring behavior in such cases. That is, UE determines its PO monitoring behavior based on ssb-PositionsInBurst.
Proposal 2:	Avoid additional signaling for UE PO monitoring behavior in case that some SSB is not transmitted.
Risk of overlapped PO in multi-beam operation
For non-default association between SSB and PO, RAN2 agreed that the length of one PO in case of beam sweeping is one period of beam sweeping, and k-th PO is the start of k-th the beam sweep. In multi-beam operation, a period of beam sweeping usually spans across multiple slots, and sometime across multiple frames. 
In the example shown below, we consider a configuration where one beam sweep has 4 beams, nB=2T, and there are two PDCCH monitoring occasions in every frames. In this configuration, the two paging PDCCH monitoring occasions related to reference frame with SFN X are fully located in frame X, and there is no overlapping of POs.


Figure 3	Configuration without PO overlapping
When a PO is partially or fully located in a later frame (i.e. not the PF), the ‘later frame’ may be the PF of another group of UEs. The following example illustrates a configuration where one beam sweep has 4 beams, nB=4T, and there are two PDCCH monitoring occasions in every second frames. Since nB=4T, every frame can be a PF, but according to RAN2 agreement, the 3rd and 4th POs of a reference frame with SFN X are located (partially) in frame X+1, which overlaps with the POs of a reference frame with SFN X+1.


Figure 4	Configuration with overlapped POs
Such overlapping of POs should be avoided by proper network configurations, for example, network configures nB ≥ T only if all paging PDCCH monitoring occasions related to a reference frame is fully located in one frame. This should be considered as a working assumption and no related UE behaviour is specified in the specifications.
Proposal 3:	Adopt the working assumption that overlapping of POs is to be avoided by proper network configurations. Send LS to RAN1 for further confirmation.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	If a SSB is not transmitted, the SSB is still indexed, but UE skips the paging PDCCH monitoring occasion associated with this SSB.
Proposal 2:	Avoid explicit signaling for UE PO monitoring behavior in case that some SSB is not transmitted.
Proposal 3:	Adopt the working assumption that overlapping of POs is to be avoided by proper network configurations. Send LS to RAN1 for further confirmation.
Reference
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(a) Uncompressed association
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(b) Compressed association
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