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1. Introduction
RAN2 has sent an LS [1] to inform RAN1 of the latest agreements on the Paging Occasions, and RAN1 gave the feedback in the reply LS in their last #94 meeting [2]. Some key observations and questions from RAN1 are as follows: 
· It is RAN1 understanding that the Paging Frame (PF) is a starting point for the first PO (defined by ‘S’ valid PDCCH monitoring occasions). In addition, the concatenated POs corresponding to one PF can overlap into the next radio frame(s) and/or next PF(s). Based on this understanding, RAN1 has the following questions:

· Is the first PDCCH monitoring occasion of the first PO of a PF starting from the starting location of the pagingSearchSpace in that frame?

· RAN1 would like to understand the motivation of introducing PF_offset? Is it intended to avoid overlapping such as to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission?
It seems that there are some misunderstanding about the PF and PO configuration as well as the overlapping between PFs. This contribution will discuss the PO and PF configuration and the questions from RAN1 to avoid the ambiguity and give some clarifications. 
2. Discussion
2.1 PF overlap

The PF overlapping issues have been discussed in RAN2 in former meetings but without any agreements or notes in the spec. Basically, POs crossing frames may cause some frames cannot be properly configured as a PF when needed and the overlapping PF is supposed to be avoid by the proper NW configuration. To be more specific, we know that parameters N, Ns, PF_offset, and the length of default DRX Cycle are signaled in SIB1. There are two cases:
Case 1: N=T

In this case, each frame in T is configured to be the Paging Frame. Accordingly, the concatenated POs corresponding to one PF are not allowed to be overlap into the next radio frame, which is ensured by the network configuration (e.g. small value of monitoringSlotPeriodictity).
Case 2: N<T

In this case, e.g. N=T/2, not every frame in T is the Paging Frame. Therefore, the concatenated POs corresponding to one PF may be overlapping into the next radio frame (e.g. when the number of beams are large and makes the length of one PO is considerable) but they should also be avoid to be overlapping into the next PAGING frame. Consider the illustration in figure 1, when N=T/2, Ns=2, and the number of beams is 16, the monitoringSlotPeriodictity can be configured to 2. However, if the number of beams is 32 in this case, monitoringSlotPeriodictity has to be 1 to avoid the concatenated POs corresponding to one PF are overlapping into the next PF.
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Figure 1 illustration of concatenated POs of one PF overlapping into the next radio frame (monitoringSlotPeriodictity: 2, duration: 1, number of beams: 16, Ns=2)
Meantime, it should be clarified that one paging frame (PF) is ONE radio frame which contains the start of the first PO, even when the POs corresponding to a PF are overlapping to the next radio frame. Based on the analysis, we can have the following observations:
Observation 1: The concatenated POs corresponding to one PF cannot be overlapping into the next paging frame which is ensured by proper NW configuration.
Observation 2: The concatenated POs corresponding to one PF may be overlapping into the next radio frame depending on the parameter N, but PF is only ONE radio frame which contains the start of the first PO.

2.2 PF_offset
SFN for the PF is determined by:

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

The PF_offset was introduced in RAN2 #102 meeting [3] for both default and non-default association. In LTE, the SFN of PF is always even when N<T. In NR, for default association, SSB does not need to be transmitted at even frames and the PF should match the SSB location. For non-default association, PDCCH monitoring occasions can be located in every radio frame e.g in odd radio frames for paging search configuration where Monitoring-periodicity-PDCCH-slot is 20 slots and Monitoring-offset-PDCCH-slot is 10 slots. Therefore, PF_offset would be needed and thus added to the calculation formula. As for the first PDCCH monitoring occasion of the first PO of a PF, it should be the starting location of the pagingSearchSpace in that frame.
Observation 3: the initial motivation of introducing PF_offset is that every radio frame can be configured as paging frame in NR.
Observation 4: The first PDCCH monitoring occasion of the first PO of a PF starts from the starting location of the pagingSearchSpace in that frame
In addition, RAN1 mentioned whether the intention of introducing PF_offset is to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission. Although the answer for this question is no, it can be further studied by RAN2 whether needed to consider the intention. Actually, the introduction of firstPDCCH-MonitoringOccasionOfPO in RAN2 #103meeting can be partly helpful to avoid the collision because some PDCCH monitor occasions in pagingSearchSpace can be skipped and used for other purpose due to this firstPDCCH-MonitoringOccasionOfPO parameter. 
Observation 5: The introduction of firstPDCCH-MonitoringOccasionOfPO can be partly helpful to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission. 

Based on the analysis, we give the below proposal. A draft reply LS can be found in [4].
Proposal 1: RAN2 send a LS to RAN1 to inform that:

· the concatenated POs corresponding to one PF cannot be overlapping into the next paging frame (but maybe radio frame depending on N) which is ensured by proper NW configuration

· the initial motivation of introducing PF_offset is that every radio frame can be configured as paging frame in NR.
· the first PDCCH monitoring occasion of the first PO of a PF starts from the starting location of the pagingSearchSpace in that frame

· the introduction of firstPDCCH-MonitoringOccasionOfPO in RAN2 can be partly helpful to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission

3. Conclusion
In this contribution, we discussed the PO and PF configuration based on RAN1 LS and have the following observations and proposals:

Observation 1: The concatenated POs corresponding to one PF cannot be overlapping into the next paging frame which is ensured by proper NW configuration.
Observation 2: The concatenated POs corresponding to one PF may be overlapping into the next radio frame depending on the parameter N, but PF is only ONE radio frame which contains the start of the first PO.
Observation 3: the initial motivation of introducing PF_offset is that every radio frame can be configured as paging frame.
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Observation 4: The first PDCCH monitoring occasion of the first PO of a PF starts from the starting location of the pagingSearchSpace in that frame

Observation 5: The introduction of firstPDCCH-MonitoringOccasionOfPO can be partly helpful to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission.
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Proposal 1: RAN2 send a LS to RAN1 to inform that:
· the concatenated POs corresponding to one PF cannot be overlapping into the next paging frame (but maybe radio frame depending on N) which is ensured by proper NW configuration

· the initial motivation of introducing PF_offset is that every radio frame can be configured as paging frame in NR.
· the first PDCCH monitoring occasion of the first PO of a PF starts from the starting location of the pagingSearchSpace in that frame

· the introduction of firstPDCCH-MonitoringOccasionOfPO in RAN2 can be partly helpful to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission
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