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Introduction
In RAN1#87, studies of paging in multi-beam configuration were agreed as follows,  
Agreements:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:
· Alt-1: Multiplexing paging with SS blocks
· FFS: Details of paging 
· Alt-2: Adding another round of beam sweeping for paging 
· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 
· Other alternatives are not precluded
· Companies report their assumption for paging

In this contribution, we discuss the NR paging channel framework to support different deployment scenario.  
NR Paging Channel and Broadcast Channel 

 Paging is used to inform UE the arrival of incoming data or voice call.   The paging occasion is designed along with the DRX cycle.  In LTE, paging is a cell-specific configuration.  UE monitors one paging occasion in a specific paging frame per DRX cycle.  UE determines the paging occasion for its paging using the DRX parameters provided in system information along with the system frame number (SFN) and UE ID.  In a paging occasion, paging message is transmitted on PDSCH, which is scheduled by DCI scrambled with P-RNTI.  UE identity, such as IMSI, is included in paging message for a specific UE. 

In NR, a cell could contain multiple TRPs.  A TRP within a cell could be configured with multiple beams as shown in Figure 1.  The cell-specific broadcast or paging information would be carried by non-scheduled physical channel in order to avoid coordinated resource allocation and scheduling among TRPs/beam within a cell.   In RAN1#87, it was agreed that the NR-PBCH is a non-scheduled broadcast channel for carrying minimum system information as follows, 

Agreements:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information
· Study further NR-PBCH design examples with the following clarification of the agreements 
· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information
· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 
· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)
· Information necessary to receive remaining minimum system information is provided after initial UL transmission
· Other examples are not precluded


Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI

In NR, the cell-specific system information and paging information would be carried by NR-PBCH.  More than one NR-PBCH with different periodicity should be supported for carrying minimum system information with different latency requirements.   For example, the system information of SFN number and the paging information could have short duty cycle to minimize the latency of UE initial access.  The threshold setting for camping cell selection could have a long duty cycle for IDLE mode UE.  

Proposal 1:  The paging information should be carried by NR-PBCH with short duty cycle to minimize the latency of incoming data delivery 


The drawback of the paging information carried by NR-PBCH is the inflexibility.  NR-PBCH is a non-scheduled physical channel with predefined association with NR-PSS/NR-SSS.   The duty cycle of each NR-PBCH would be specified in the specification.   The paging occasion needs to align with the duty cycle of NR-PBCH carrying paging information.  In the deployment scenario of one TRP in a cell as the cell 4 of Figure 1, the resource allocation and the scheduling could be performed by the gNB independently.   The cell-specific paging information could be carried by NR-PDSCH, which is scheduled by DCI from NR-PDCCH.  This will allow the network to have additional dimension of the flexibility in defining the paging occasion by transmitting the paging information on PDSCH.    Additional indication is required to inform UEs whether the cell-specific paging information is carried by non-scheduled NR-PBCH or scheduled NR-PDSCH.  Thus, one indication bit is included in the minimum system information in NR-PBCH to indicate whether the paging information on NR-PBCH or not. 


Proposal 2: One indication bit is included in the minimum system information in NR-PBCH to indicate whether the paging information is on NR-PBCH or not.  If the paging information is not carried by NR-PBCH, UE should decode the NR-PDCCH at the paging frame.  







[bookmark: _Ref465974780]Figure 1:  NR cell with multi-TRP and multi-beam configuration


Conclusion
This paper discusses the NR physical channel carrying paging information.  We propose the following,  
· Proposal 1:  The paging information should be carried by NR-PBCH with short duty cycle to minimize the latency of incoming data delivery 
· Proposal 2: One indication bit is included in the minimum system information in NR-PBCH to indicate whether the paging information is on NR-PBCH or not.  If the paging information is not carried by NR-PBCH, UE should decode the NR-PDCCH at the paging frame.  
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