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Introduction
The following agreements were taken at the NR ad hoc of January 2017:
Agreements
1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.
4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8: The number of time slots in a paging occasion is provided in system information.

Subsequent agreements have advanced the paging design, e.g. in terms of the DRX cycles and the relation between RAN and CN paging, but the actual definition of paging occasions has seen only limited discussion.  An offline discussion during RAN#99bis concluded that the PO defines “a number of slots where the UE has to monitor the PDCCH”, but did not attempt to resolve the question of how the POs are actually determined.  This document makes some proposals towards determining how the paging occasions are to be calculated and assigned.
Discussion
Beam sweeping
For multi-beam operation, the gNB does not know which beam to use in order to reach the idle mode UEs. Without requiring beam reporting to update or re-establish beam pair links, gNB TX beam sweeping is needed for paging, targeting to cover the whole NR cell. For this reason, if the remaining resources beside the SS blocks are sufficient, multiplexing paging with SS blocks and/or other beamformed shared channels, appears to be the most promising approach for transmitting paging, which is addressed to the whole cell. This can save the overhead of using another round of beam sweeping for paging. 
Proposal 1: The length of one PO in case of beam sweeping is one period of beam sweeping.
In one beam sweeping period, the same paging message is sent in all the beams. If the UE receives the paging message, the UE does not need to continue to monitor the paging in the beam sweeping period until the next appropriate PO arrives. This benefits UE power saving.  From a specification standpoint, this means the UE is not constrained to monitor a specific beam, but can monitor any beam of “good enough” quality.
Proposal 2: The UE can assume that the same paging message is repeated in all beams of the sweeping pattern, and the UE may monitor any beam that is good enough for successful reception.
To facilitate this approach, the paging DRX cycle can be defined as including an integer number of beam sweeping periods, assuming the beam sweeping period is aligned with the frame structure (e.g. beam sweeping period is an integer multiple or divisor of the frame length). A simple way to ensure this alignment to the frame structure is to reuse the concepts of paging frames and paging occasions from LTE [3]. After wake-up from idle mode, the UE first acquires candidate beam pairs via listening to SS bursts to identify the best beam(s). After that, a UE acquires information about the location of paging occasions within the DRX cycle from SI, and can receive paging at the expected paging occasion. The paging occasion is identified by an offset or index to a specific period of beam sweeping within the DRX cycle. ). The amount of time the UE needs to listen in advance depends on the number of beams the UE needs to sweep and the periodicity of beam sweeping. The indexed period can be calculated, e.g. based on the UE ID in order to distribute all the UEs in different beam sweeping periods as evenly as possible, e.g. by a hash function similar to that used in LTE.  
An example of paging DRX cycle/occasion defined based on beam sweeping period is given in Figure 1.



[bookmark: _Ref470683585]Figure 1 Illustration of paging DRX cycle/occasion defined based on beam sweeping period
Based on the discussions above, we have the following proposals:
Proposal 3: The PO is identified by an offset or index to a specific period of beam sweeping within the DRX cycle
Proposal 4: Within the DRX cycle, the UEs hash to a paging frame and to a paging occasion within the frame, for even distribution.


Paging occasions
At least for the low frequency omnidirectional case, it seems reasonable to expect a 1-slot PO 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 with multiple POs per frame.  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 (see section 2.3 below).
Proposal 5: The paging frame can contain 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 2.3 for the case of frequency multiplexing).
Proposal 6: Paging occasions should be spaced evenly when they are time multiplexed within a paging frame.
At the ad-hoc of September 2017, RAN1 concluded that the paging message is scheduled by sending paging DCI followed by paging message (not necessarily consecutive).  The relationship of this structure to paging occasions is FFS and more in RAN2 scope to resolve.  Two options could be considered:
1. The paging occasion covers the time in which the paging DCI can be transmitted; the corresponding NR-PDSCH may fall outside the paging occasion.
2. The paging occasion covers the time in which the paging DCI + paging message can be transmitted.
This may be primarily a matter of terminology.  The purpose of the paging occasion is to determine when the UE will wake up to monitor paging, and for this purpose it is enough to know when the DCI comes; the NR-PDSCH may cause additional active time, but this can be inferred from the DCI itself, not from the PO structure.  So it could be sufficient to have the PO defined by the DCI.  This is compatible with the majority view expressed in the offline discussion at RAN2#99bis ([1]).
Proposal 7: The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH), i.e. the paging message on NR-PDSCH need not be delivered within the same PO as the corresponding DCI.
In our understanding, the paging DCI needs essentially the same beam sweeping structure as the SS blocks, based on the RAN1 agreement on QCL of the paging DCI with the SS blocks.  This suggests two basic cases that could be encompassed by different configurations of the paging channel:
· The paging DCI is sent by FDM with the SS blocks, and they use the same beam sweeping pattern.
· The paging DCI is sent by TDM with the SS blocks, and the beam sweeping pattern is repeated: once for the SS burst, once for paging DCI.  The length of the beam sweeping period for paging is not necessarily the same as for the SS blocks, but they should be related based on the comparative time duration of SS burst set and one paging transmission.
Proposal 8: PO can be TDMed or FDMed with an SS block, including on a separate DL BWP.
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 9: The PO length can be derived from the SS block number 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 10:  Each PO consists of a set of slots within a paging frame, and frequency domain resources within these slots define a monitoring window where the UE listens for paging assignments. 
Proposal 11:  The time/frequency locations of the monitoring windows within POs are defined relative to the indices of the QCLed SS blocks.

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 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 of strict TDM,  However, multiple paging occasions are still needed to maintain the paging capacity without inflating the false alarm rate (as concentrating more UEs in a paging occasion would do).
To resolve this problem, we suggest that paging occasions could be allowed to be FDMed as shown in Figure 2 below.


[bookmark: _Ref501106424]Figure 2: 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 12: The gNB can configure FDMed paging occasions to accommodate the beam sweeping pattern and frame length.
Conclusion
This document raises the following proposals:
Proposal 1: The length of one PO in case of beam sweeping is one period of beam sweeping 
Proposal 2: The UE can assume that the same paging message is repeated in all beams of the sweeping pattern, and the UE may monitor any beam that is good enough for successful reception.
Proposal 3: The PO is identified by an offset or index to a specific period of beam sweeping within the DRX cycle
Proposal 4: Within the DRX cycle, the UEs hash to a paging frame and to a paging occasion within the frame, for even distribution.
Proposal 5: The paging frame can contain multiple paging occasions.
Proposal 6: Paging occasions should be spaced evenly when they are time multiplexed within a paging frame.
Proposal 7: The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH), i.e. the paging message on NR-PDSCH need not be delivered within the same PO as the corresponding DCI.
Proposal 8: PO can be TDMed or FDMed with an SS block, including on a separate DL BWP.
Proposal 9: The PO length can be derived from the SS block number in an SS burst set.
Proposal 10:  Each PO consists of a set of slots within a paging frame, and frequency domain resources within these slots define a monitoring window where the UE listens for paging assignments. 
Proposal 11:  The time/frequency locations of the monitoring windows within POs are defined relative to the indices of the QCLed SS blocks.
[bookmark: _GoBack]Proposal 12: The gNB can configure FDMed paging occasions to accommodate the beam sweeping pattern and frame length.
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