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1 Introduction

During discussion in RAN2#101, the group reached an agreement to have a “reference frame” for paging, similar to the paging frame concept from LTE.  This document addresses some further details of the definition of paging frames for NR.
2 Discussion
Distribution of POs across radio frames

If the paging frame concept is maintained, it should be straightforward to reuse from LTE the basic idea of the PF calculation.
In LTE, two parameters are configured to calculate the PFs, the first is DRX periodicity T whose values are 32, 64, 128, 256 system radio frames; and the second parameter is PO number nB in a DRX periodicity whose values are 4T, 2T, T, T/2, T/4, T/8, T/16, T/32. The paging frame can be calculated based on the SFN mod T= (T div N)*(UE_ID mod N) where N= min(T,nB).  Every (T div N)th radio frame is a paging frame for some UE.  We propose to reuse this approach as a baseline.
Proposal 1: The UE hashes to a PF based on the UE ID and the number of paging frames in the paging DRX cycle (similar formula to LTE).

Considering the time requirements for beam sweeping, there may be cases where the paging occasion for NR is longer than a single radio frame.  Rather than define additional frames as paging frames because the paging occasion “spills over” into them, we suggest that the paging frame should be the frame in which the beginning of the paging occasion comes.

Proposal 2: The paging frame consists of one or more radio frames in which the beginning of the paging occasion can occur.
However, as the next section shows, it may not be sufficient to reuse the LTE formula unchanged for all cases in NR.
Offset for PF calculation

As discussed in [2], beam sweeping is necessary to implement paging at high frequencies. In this case the overhead of using an additional round of beam sweeping specifically for paging can be save by FDM multiplexing the paging CORESET with SS blocks and/or other beam swept shared channels. 
There are three cases to be considered, as shown in Figure 2. For case (a), in a DRX periodicity, the PF number equals to the SS burst set number in a DRX cycle. For case (b), in a DRX periodicity, the PF number is larger than the SS burst set number in a DRX cycle. For case (c), in a DRX periodicity, the PF number is smaller than the SS burst set number in a DRX cycle.  (Note that case (b) implies that not all pages can actually be FDMed with SS blocks; this corresponds to the case where each SS block has paging FDMed with it and additional paging occasions fall in between the SS blocks.)
The red frames in the figure 2 are the paging frames calculated based on the LTE formula. Furthermore, for SS burst set, it may appears in any one frame in a SS burst set periodicity which is one of 5ms, 10ms, 20ms, 40ms, 80ms,160ms. This figure gives the TDMed cases to show that based on LTE formula, SS block frame and paging frame may not be the same frame and we cannot limit the frames of SS burst set because of paging information. The SS burst set location has higher priority.

To make the paging CORESET multiplex with SS block in FDM manner, an offset needs to be introduced to calculate the actual PF location which is based on the frame index of SS burst set in a SS burst set periodicity. One of calculation formula for Paging frames FDMed with SS block is (SFN - offset) mod T= (T div N)*(UE_ID mod N), such as offset=3 for 4th system radio frame of 40ms SS burst set periodicity as shown in figure 3(a) since frames of SS burst set value in a burst set periodicity is 3, and offset=1 for 2nd system radio frame of 20ms SS burst set periodicity as shown in figure 3(c) since frames of SS burst set value in a burst set periodicity is 1.
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Figure 2: Relationship of paging frame and SS frame
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Figure 3: After applying offset to paging frame
Proposal 3: An offset should be introduced to calculation for actual PF location when paging message is FDMed with SS block.
In general, the offset can be calculated based on the values of (T div N), the SS paging block period S, and the SFN K that contains the first SS block after SFN=0.  With no offset, SFN 0 is always a paging frame; the objective is to align the paging frames with the SS frames, so the offset is exactly K, provided that S <= (T div N) (i.e. there are at least as many SS frames as paging frames: cases (a) and (c) above).  If S > (T div N), the offset is S-K as seen in case (b) above.  In principle, this calculation could be done by the UE based on an indication that the cell applies FDM to SS blocks and paging; however, it may be more straightforward to signal the offset directly.

Proposal 4: The offset is signalled in SIB1.
3 Conclusion
This document raises the following proposals:

Proposal 1: The UE hashes to a PF based on the UE ID and the number of paging frames in the paging DRX cycle (similar formula to LTE).

Proposal 2: The paging frame consists of one or more radio frames in which the beginning of the paging occasion can occur.
Proposal 3: An offset should be introduced to calculation for actual PF location when paging message is FDMed with SS block.
Proposal 4: The offset is signalled in SIB1.
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