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Introduction
The following agreements on the paging occasion were reached during RAN2#101[1]:
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

Agreements
1	Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID

In the RAN1 #90b meeting, the following agreements are achieved [2]:
· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block
· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI .
· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 
· For DL resources indication, the signaling include:
· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}
· For UL resource indication, the signaling include:
· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 
· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 
· The resource(s) in a period between DL and UL segments are unknown resources.
In RAN1#91, the following semi-static DL/UL design is agreed [3]:
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two perodicities are included, the corresponding parameters are independently configured.
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)
In spec 38.213 section 13, the following guidance is stated for the reception of RMSI [4]:
· 











[bookmark: OLE_LINK2][bookmark: OLE_LINK8]For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots starting from slot . For SS/PBCH block with index , the UE determines an index of slot  as  located in a frame with system frame number (SFN)  satisfying  if  or in a frame with SFN satisfying  if .  and  are provided by Tables 13-11 and 13-12, and  based on the subcarrier spacing for PDCCH receptions in the control resource set [4, TS 38.211].

This document makes some proposals towards determining further details of how the paging occasions are to be calculated and assigned.
Discussion
Paging occasion structure
At least for the low frequency omnidirectional case, it seems reasonable to expect one PO per slot, with no need to support beam sweeping or repetition.  In this case the approach of LTE could be kept, to further divide the paging groups among multiple POs per frame.  The LTE approach can be taken as the baseline for NR paging. 
Proposal 1: The paging frame can comprise multiple paging occasions.
To facilitate even distribution of the paging, it is reasonable to space the paging occasions evenly when they are time-multiplexed within the frame (see section 2.2 for the case of frequency multiplexing).
Proposal 2: Paging occasions’ starting points should be spaced evenly across available slots when they are time multiplexed within a paging frame.
It was agreed that the PO can be TDMed or FDMed with an SS block.  In either case, the needed beam sweeping time for paging (i.e. the PO length) is a function of the beam sweeping time for SS bursts.  The difference is in the configuration of paging DCI which could be either fixed (e.g. in a location associated with the SS block) or signalled in system information.
[bookmark: OLE_LINK9][bookmark: _Ref501107575]Proposal 3: The PO length can be derived from the number of SS block in an SS burst set.
Furthermore, the UE needs to know which specific time/frequency resources within the PO to monitor for paging assignments on a specific beam. Thus the UE identifies each beam in the beam sweeping period with an appropriate window to monitor for paging DCIs. The monitoring windows within POs should be defined relative to the indices of the QCLed SS blocks, in order to achieve the correspondence to particular beams.
Proposal 4:  Each PO consists of a set of slots from a starting point within a paging frame, and frequency domain resources within these slots define a monitoring window where the UE listens for paging assignments. 
Proposal 5:  The time/frequency locations of the monitoring windows within POs are defined relative to the indices of the QCLed SS blocks.
The maximum number of the SS/PBCH blocks QCLed with a PO is 64 for above 6GHz, 8 for 3~6GHz and 4 for below 3 GHz. If we assume that in each slot we will only transmit Paging DCI for 1 beam, then each PO may comprise non-consecutive time resource in order to avoid colliding with UL transmissions as shown in figure 1.


Figure 1: Paging transmission with UL slot

Based on the QCLed relationship between SSB and paging DCI, we can adopt the same method as used for RMSI to calculate the first slot of paging PDCCH occasion corresponding to an SSB. As noted in the introduction, RAN1 defined a formula for the first slot of PDCCH monitoring for RMSI:, where in the RMSI case O and M are defined by tables in TS 38.213.  For the paging case, a similar formula could be used, with O defining the first slot of the paging occasion within the paging frame, and i*M determining the offset from that first slot for monitoring the ith beam. Nslotframe,u  is slot number of the paging frame.  Figure 2 shows how the formula applies for the case of i=2.


[bookmark: _Ref510261414]Figure 2: Application of RMSI formula to paging slot
The RMSI formula yields a slot number, which should be interpreted as the index of a downlink slot within the paging frame.  (E.g., in Figure 2, computing n0=8 corresponds to the ninth downlink slot after the start of the PF, not to the ninth slot after the start of the PF which is an uplink slot.) Therefore, the DL-UL periodicity and the DL slot number within the DL-UL period should be considered in the calculation of first slot of paging PDCCH occasion.
Proposal 6: The formula for calculating the PDCCH monitoring occasion for RMSI is reused for paging, with O defining the first slot of the paging occasion.
Proposal 7: The uplink slot configuration information should be considered for paging occasion slot calculation, i.e. the slot calculation formula yields the index of a downlink slot after the start of the paging occasion.

TDM and FDM of paging occasions
In LTE, paging occasions are purely TDMed.  In NR this may not be possible for all cases, due to the needed length of paging occasions to accommodate beam sweeping.  For beam sweeping cases with longer paging occasions to accommodate the sweeping pattern, multiple POs could require multiple rounds of beam sweeping. In such a case, the number of paging occasions that could be time-multiplexed within a single radio frame could be limited. For example, a gNB operating 8 beams with subcarrier spacing 15 KHz requires 8 slots for one PO duration (to sweep through all the beams, assuming each paging transmission takes one slot), and there are only 10 slots per frame.  Thus it becomes impossible to have more than one PO per frame if we use the LTE approach.  However, multiple paging occasions are still needed to maintain the paging capacity [5].
To resolve this problem, we suggest that multiple paging occasions could be multiplexed within a single slot (e.g. FDMed as shown in Figure 2 below).


[bookmark: _Ref501106424]Figure 3: FDM of paging occasions
The figure shows a gNB with four beams, configured for four paging occasions and needing to beam-sweep its paging transmission, with 10 slots per frame.  Each paging occasion takes four slots to transmit through the full beam-sweeping pattern; it is possible to TDM two paging occasions within the frame (e.g. PO1 and PO2), but the rest must be FDMed (PO3 and PO4).  Although it is counterintuitive to use the term “occasion” outside of the time domain, the different sets of resources function as different paging occasions in terms of the distribution of UEs.
Proposal 8: The gNB can configure multiplexed paging occasions within one slot in order to accommodate the beam sweeping pattern and frame length.
Conclusion
This document raises the following proposals:
Proposal 1: The paging frame can comprise multiple paging occasions.
Proposal 2: Paging occasions’ starting points should be spaced evenly across available slots when they are time multiplexed within a paging frame.
Proposal 3: The PO length can be derived from the number of SS block in an SS burst set.
Proposal 4:  Each PO consists of a set of slots from a starting point within a paging frame, and frequency domain resources within these slots define a monitoring window where the UE listens for paging assignments. 
Proposal 5:  The time/frequency locations of the monitoring windows within POs are defined relative to the indices of the QCLed SS blocks.
Proposal 6: The formula for calculating the PDCCH monitoring occasion for RMSI is reused for paging, with O defining the first slot of the paging occasion.
Proposal 7: The uplink slot configuration information should be considered for paging occasion slot calculation, i.e. the slot calculation formula yields the index of a downlink slot after the start of the paging occasion.
Proposal 8: The gNB can configure multiplexed paging occasions within one slot in order to accommodate the beam sweeping pattern and frame length.
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