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Introduction

RAN1 has made the following agreements for NR Paging design in previous meetings:
Agreements:(RAN1 NR AH#3 [1])
· 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. 


Agreements (RAN1#88bis  [2])
· The search space of NR-PDCCH addressing the paging message can be configured by gNB
· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages

Agreements: (RAN1#88 [3])
 
· 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 


This contribution is a revision of R1-1715788 [4].  We further 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.  
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 message 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 paging information would send to all cells in the tracking area similar to broadcast information. The paging message size is relatively large. In RAN1 NR ad hoc #3, it was agreed to down-select paging channel design  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. 

· In Option 1, paging indication and paging message are sent together as in LTE. Paging indication would be sent by DCI, which carried the resource allocation information of paging message.  UE will decode the paging indication from blind decoding of NR-PDCCH and retrieve paging information from NR-PDSCH.   Since IDLE mode UE does not maintain DL/UL beam correspondence, paging indication by DCI carried by NR-PDCCH common search space and paging message carried by NR-PDSCH would need to be beam swept by all cells in the tracking area.   Since paging message is quite large, the demanded capacity to send both paging indication and paging message in beam sweeping is tremendous when there are many DL Tx beams for a cell.  Thus, Option 1 may be useful for a cell with single or a small number of DL Tx beams, but not suitable for a cell with large number of DL Tx beams.

· Option 2 involves  two steps. In the first step, paging group indication is sent by DCI of NR-PDCCH through beam sweeping. During beam sweeping, the UE(s) belonging to a paging group  would respond to the paging group indication with beam reporting/recovery procedure to re-establish DL/UL beam correspondence after detecting the paging group indication. The feedback informs gNB that the paging group indication is decoded or detected correctly, and also provides the corresponding DL Tx beam of the received paging group indication. The feedback can be implemented with PARCH Msg.1. When gNB receives the Msg.1, the gNB will send beam-specific paging DCI and paging messages through the DL Tx beam indicated by the Msg.1. The two step procedure avoids beam-sweeping of paging DCI and paging message, which may significantly reduce the overload of paging DCI/message, especially when there is a large number of DL Tx beams for a cell with frequency above 6GHz. 

Proposal 2:  NR should support the paging channel designs of both a) Paging DCI followed by Paging Message; and b) Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message It will be up to gNB on which paging channel design is used for a given cell. 

Proposal 3:  In high frequency band deployment with beam sweeping, paging indication is carried by DCI at common search space of NR-PDCCH.  UE performs beam recovery procedure to re-establish DL/UL beam correspondence once UE detects paging indication.   

Proposal 4:  Paging message is sent on beam-specific PDSCH with resource allocated by DCI on beam-specific PDCCH after the re-establishment of 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:  NR should support the paging channel designs of both a) Paging DCI followed by Paging Message; and b) Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message. It will be up to gNB on which paging channel design is used for a given cell.
· Proposal 3:  In high frequency band deployment with beam sweeping, paging indication is carried by DCI at common search space of NR-PDCCH.  UE performs beam recovery procedure to re-establish DL/UL beam correspondence once UE detects paging indication.   
· Proposal 4:  Paging message is sent on beam-specific PDSCH with resource allocated by DCI on beam-specific PDCCH after the re-establishment of DL/UL beam correspondence.  
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