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1 Introduction

In RAN1 NR AdHoc #3 [1] and RAN1#90bis [2], and RAN1 NR AdHoc #4[5], the following agreements were made on paging design:
· For paging, RAN1 to down-select from the following options

· Option 1: Paging DCI followed by Paging Message

· Note: These do not imply that they are consecutive

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message

· Option 3: Paging group indicator and Paging DCI followed by Paging Message

· Option 4: Paging DCI indicates use of Option 1 or 2.
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported

· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot

· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.

Details of UE grouping are up to RAN2
·         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.
o    It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
·         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. 
From RAN2 perspective, paging was last discussed during the SI phase and the following agreements were made [3]:

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 signaling.

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 enable 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.
In addition, the following agreements were made at RAN2 AdHoc #3 [4] 

Agreement:

1
From RAN2 understanding for paging in multi-beam operation TX beam sweeping can be performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.
In this contribution we discuss in more detail the topic of paging design for NR.
2 Paging Occasion Calculation for NR
In LTE, the UE monitors paging during a paging occasion associated with a specific subframe of its paging frame.  The frame and subframe are computed based on the UE ID and configured DRX cycle.  To receive paging when waking up from IDLE DRX, a UE first synchronizes to the cell.  The sync periodicity (PSS/SSS) in LTE is 5ms, and the UE wakes up prior to its scheduled paging occasion in order to receive the sync signal and synchronize with the cell so it can properly monitor paging.

In NR, synchronization is performed with the SSB, and the allowed periodicities for SSB are {5, 10, 20, 80, 160}ms.  In order for the UE to expect the SSB at the same location relative to its paging occasion, the allowable paging cycle should be a multiple of any of the SSB periodicities. 
Observation 1:
The allowable paging cycles in NR should be multiples of the allowable SSB periodicity. 

In LTE, the default paging cycles broadcast in system information are (320, 640, 1280, and 2560)ms and are all multiples of the SSB periodicities.  We can therefore adopte the same values for the default paging cycles in LTE.

Proposal 1:
The allowable default paging cycles in NR are {320, 640, 1280, and 2560}ms. 

In LTE, paging was transmitted omnidirectionally and the paging occasion was defined as a single subframe allowing transmission of DCI and PDSCH carrying paging.  In high frequencies in NR, the network will beamsweep the paging message over multiple paging slots.  Each paging slot will consist of transmission of the paging message on a different set of DL beams, and the duration of the paging slot is still under discussion in RAN1.  The number of paging slots required to beamsweep the paging message will depend on the number of beams, as well as the number of antenna arrays which determines how many beams can be transmitted simultanesouly in the same paging slot.  In order to model the NR paging occasion similar to LTE, the paging occasion in NR can consist of the set of paging slots required to beamsweep the paging message.  For the omnidirectional case (e.g. NR operating in low frequency), the paging occasion will consist of a single paging slot. 
Proposal 2:
In NR, the paging occasion consists of the set of paging slots required to sweep one paging message.

When the UE wakes up, it will synchronize to the SSB which occurs prior to its paging occasion in order to determine its best DL beam and (if RX beamsweeping is supported) its best RX beam.  Once the UE has determined its best DL beam, it does not need to monitor the entire paging occasion.  Instead, the UE can monitor the paging slot associated to the best beam only.  Determination of the best beam can be upto UE implementation.  
Proposal 3:
The UE is required to monitor the paging channel only on the paging time slot associated with its best DL beam.

According to RAN1 agreements, the monitoring window for PDCCH is associated with the transmitted SSB (DL beam) though a configuration in RMSI.  Since this monitoring window is associated with a single paging slot, RMSI will need to broadcast an association between the SSB index of the best DL beam and the paging slot to be monitored by the UE.
Proposal 4:
The UE determines the association between the SSB index of the best DL beam and the paging slot to be monitored from information in SI.  
The number of paging slots in a paging occasion will depend on the number of beams and number of antenna arrays at the gNB.  The paging occasion length will therefore be a configurable number of paging slots.  While the length is still being discussed, considering the length of an entire beamsweep for the SSB can occupy several subframes, it is reasonable to assume that the paging sweep can also last several subframes.

Observation 2:
The length of a paging sweep may be upto several subframes. 

One way to sweep the paging message would be to transmit it over a consecutive time burst.  However, depending on the length of the sweep, this may cause issues, for example, in the case of TDD where the number of consecutive DL subframes is not sufficient for consecutive sweep of the paging message.  In addition, the NW may want to leave certain slots for scheduling of data in certain beams, so a non-contiguous sweep of the paging message may be preferred for scheduling flexibility.
In both contiguous or non-contiguous cases, the UE will still monitor only the paging slot associated with the best DL beam.  The main difference will be in the way the UE determines the location of the paging slot associated with the best DL beam.  This information can be provided to the UE in SI.  

Proposal 5:
Paging time slots in a given paging occasion can be contiguous or non-contigous.

In LTE, the NW uses the parameter nB to configure a different number of paging occasions per frame (i.e. different subframe patterns for the paging occasion) to accommodate for load in the cell.  NR should allow for the same or similar configurability.  However, this is difficult to achieve using the subframe pattern per frame as in LTE, given that the paging occasion may be larger than a single subframe.  

To address this issue, the network could configure its pattern of paging occasions over a larger time period (e.g. two or more radio frames).  Since the length of the paging occasion is configurable in system information, it would be also reasonable that the length of the time period over which the different paging occasion patterns are configured is also configurable via SI.

Proposal 6:
Paging occasions in NR are distributed using one of a configurable pattern defined over a number of radio frames.  The number of radio frames can be configured in SI as >=1.  

As in LTE, the UE should be distributed to one of the paging occasions within a DRX cycle based on its UE ID.  While every frame could be used in LTE as a paging frame due to the presence of PSS/SSS every 5ms, the larger SSB periodicities in NR may make render this unfeasible in certain cases.  It may therefore be necessary to define paging occasions only within a certain number of radio frames for some periodicities of SSB.  Based on this, the UEs should then be distributed over the set of paging occasions within a DRX cycle based on UE ID, as in LTE.
Proposal 7:
A UE is hashed to one of the configured paging occasions in its DRX cycle based on its UE ID.   

3 Conclusion

In this contribution the following observations we made related to paging design:
Observation 1:
The allowable paging cycles in NR should be multiples of the allowable SSB periodicity. 

Observation 2:
The length of a paging sweep may be upto several subframes. 

Based on the above observations, the following conclusions have been made.

Proposal 1:
The allowable default paging cycles in NR are {320, 640, 1280, and 2560}ms. 

Proposal 2:
In NR, the paging occasion consists of the set of paging slots required to sweep one paging message.

Proposal 3:
The UE is required to monitor the paging channel only on the paging time slot associated with its best DL beam.

Proposal 4:
The UE determines the association between the SSB index of the best DL beam and the paging slot to be monitored from information in SI.  

Proposal 5:
Paging time slots in a given paging occasion can be contiguous or non-contigous.

Proposal 6:
Paging occasions in NR are distributed using one of a configurable pattern defined over a number of radio frames.  The number of radio frames can be configured in SI as >=1.  

Proposal 7:
A UE is hashed to one of the configured paging occasions in its DRX cycle based on its UE ID.   
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