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Introduction
In RAN1#88, paging channel design was agreed as follows,
Agreements:
· Support the paging channel design at least for RRC idle mode as follows:
· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH
· FFS: 
· Paging indication triggers UE beam reporting (if supported) 
· Opt-1: paging indication is in DCI
· Opt-2: paging indication is in non-scheduled physical channel
· How to indicate SI update if it is supported in 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 to retrieve the paging indication and obtain the paging message 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 indication and paging message could be retrieved by UE at same time.   Paging message is transmitted on PDSCH, which the radio resource of PDSCH is scheduled by DCI scrambled with P-RNTI as the paging indication.  UE identity, such as IMSI, is included in paging message for a specific UE.  In NR, the paging indication and paging message might not bundle in the same time.  It was agreed in RAN1#88 that the paging message is carried by PDSCH as follows,
 
· At least for RRC idle mode
· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH
· FFS: 
· Paging indication triggers UE beam reporting (if supported) 
· Opt-1: paging indication is in DCI
· Opt-2: paging indication is in non-scheduled physical channel
· How to indicate SI update if it is supported in paging 


Paging information carried by NR-PDSCH provided the flexibility of resource allocation with target for the need of each UE, such as individual DRX cycle.  However in NR, a cell could contain more than one TRP if a cell contains only one TRP with single beam configuration, A TRP within a cell could be configured with multiple beams as shown in Figure 1.   








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

The dynamic NR-PDSCH resource allocation is possible when single TRP/beam is configured in a cell or centralized scheduler and control functions are used for multi-TRP/beam configuration.  If no centralized scheduler and control function is used for multi-TRP/beam configuration, transmitting paging information on NR-PDSCH requires coordination of resource allocation and scheduling among TRPs/beams in a cell.  NR-PDCCH resource needs to be coordinated in order for UE to decode PDCCH correctly.   For multiple TRPs low frequency band deployment without beam sweeping, NR-PDCCH and NR-PDSCH for paging need to be transmitted in a SFN manner.  The radio resources of NR-PDCCH and NR-PDSCH for carrying paging message have to be jointly allocated among TRPs.     .   

Proposal 1:  Paging message carried by NR-PDSCH with dynamic resource allocation would require SFN transmission of NR-PDCCH and NR-PDSCH for multi-TRP low frequency band deployment.   

In high frequency band deployment with beam sweeping, IDLE mode UE would not maintain the DL/UL beam correspondence.   The capacity of beam sweeping is limited.  The paging message size is relatively large.  Thus, NR-PDSCH carrying paging message could not be beam-swept.   In order to reach IDLE mode UE, paging information needs to broadcast similar to that for remaining minimum system information.   In RAN1#88, the remaining minimum system information was agreed to be carried by NR-PDSCH with the configuration information provided by the network through NR-PBCH.   

NR-PBCH provides the control channel search space.   NR-PDCCH resource would be indicated by NR-PBCH.  The transmission scheme of NR-PDCCH could be either analog beam swept along with SS-block at different sub-band or digital beam formed.  

· NR-PDCCH is analog beam-sweep in the same symbols as the SS-block for IDLE mode UE.  Since NR-PDCCH will be beam swept through not only the serving cell but also multiple cells within a paging area, the DCI  for paging resource allocation of all UEs within paging area would demand large capacity.   The OFDM symbols used for beam sweeping might not have sufficient capacity for NR-PDCCH to carry DCI for scheduling Paging message on NR-PDSCH.

Proposal 2:  In high frequency band deployment with beam sweeping, DCI carried by NR-PDCCH to schedule paging message transmission on NR-PDSCH should not be beam-swept.  

· NR-PDCCH is digital beam formed.  The resource of digital beam-formed NR-PDCCH needs to be UE-specific allocated at a specific beam.  For IDLE mode UE, UE would not maintain DL/UL beam correspondence.   UE needs to recover the DL/UL beam correspondence through beam recovery procedure.   The trigger of beam recovery procedure starts with gNB sending the paging indication through beam sweeping.  After detecting the paging indication and the associated beam index, UE sends back the acknowledgement with UL beamforming in associate with the detected DL beam to establish the DL/UL beam correspondence.  gNB can transmit NR-PDCCH on the indicated DL beam for UE to receive the DCI and correspondent PDSCH transmission through digital beamforming.  
Proposal 3:  In high frequency band deployment with beam sweeping, DCI carried by NR-PDCCH to schedule paging message and NR-PDSCH transmission are digitally beam formed.  IDLE UE needs to re-establish the DL/UL beam correspondence in order for digital beamforming of NR-PDCCH and NR-PDSCH.  

Two options for sending paging indication for triggering UE beam reporting are Opt-1 on DCI and Opt 2 on unscheduled physical channel.   If paging indication is on DCI, it will bump into the capacity limitation of the beam sweeping.  Although DCI for paging indication could use group scheduling similar to DCI 3/3A in LTE, the reserved capacity for NR-PDCCH carrying group DCI could not be flexibly reused.   Similar to remaining minimum system information, paging indication could be carried by unscheduled physical channel, such as NR-PBCH or Secondary PBCH if introduced.   The unscheduled physical channel could carry paging indication as well as on-demand system information.  It will be much more flexible for paging indication carried by unscheduled physical channel through beam sweeping.     

Proposal 4:  The paging indication should be carried by non-scheduled physical channel, such as NR-PBCH or secondary PBCH if introduced for triggering UE DL beam reporting and establishing DL/UL beam correspondence.   



Conclusion
This paper discusses the NR physical channel carrying paging information.  We propose the following,  
· Proposal 1:  Paging message carried by NR-PDSCH with dynamic resource allocation would require SFN transmission of NR-PDCCH and NR-PDSCH for multi-TRP low frequency band deployment.   
· Proposal 2:  In high frequency band deployment with beam sweeping, DCI carried by NR-PDCCH to schedule paging message transmission on NR-PDSCH should not be beam-swept.  
· Proposal 3:  In high frequency band deployment with beam sweeping, DCI carried by NR-PDCCH to schedule paging message and NR-PDSCH transmission are digitally beam formed.  IDLE UE needs to re-establish the DL/UL beam correspondence in order for digital beamforming of NR-PDCCH and NR-PDSCH.  
· Proposal 4:  The paging indication should be carried by non-scheduled physical channel, such as NR-PBCH or secondary PBCH if introduced for triggering UE DL beam reporting and establishing DL/UL beam correspondence.   
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