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Introduction
RAN1 has made the following agreements for NR Paging design in previous meetings:
Agreements-1:(RAN1 90bis [1])
· 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 
Agreements-2: (RAN1 90bis [1])
· At least some parameters for Paging Occasions are explicitly signalled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
· Up to RAN2 to decide whether the above such information is in RMSI or OSI
· FFS: whether to support FDM of Paging Occasions and it’s configuration 

Agreements-3: (RAN1 90bis [1])
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.
Agreements-4: (RAN1 90bis [1])
· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported
· FFS: Support of non-slot for PDCCH for Paging delivery

Agreements:(RAN1 NR AH#3 [2])
· 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. 
In this contribution, we further discuss the NR paging channel framework to support different deployment scenario. 

NR Paging Schemes

 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 be bundled 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 RAN1 #90bis, it was agreed that 
· 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 

Option 2 could reduce the overhead caused by paging message effectively. 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 option 2, where paging group indicator triggering UE feedback and Paging DCI followed by Paging Message.  

· 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.   

· 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.  


Paging Occasion association with SS block 

In RAN1 90bis meeting, it is agreed that UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages. To support beam sweeping during the paging procedure, a UE in IDLE mode needs to identify appropriate TRP beam for receiving paging DCI and Messages based on detected SS/PBCH block(s). During configured paging occasions, the UE will wake up and attempt to receive the paging DCI at particular time/frequency resources associated with the identified TRP beam.  Hence, association between the actually transmitted SS/PBCH blocks and their corresponding paging DCI resource should be defined. 

Paging DCI can be considered either frequency or time division multiplexing with SS blocks. The pros and cons of TDM and FDM between paging DCI and SS block are listed as followings:

Advantages of FDM between paging DCI and SS block
· FDM can minimize the OFDM symbols occupied by the paging channel in analog beamforming system. If paging DCI is TDMed with SS block, SS block and the Paging DCI occupy different OFDM symbols. The occupied symbols cannot be used by the channels in other beam directions and the UL channels. 

Disadvantages of FDM between paging DCI and SS block
· The transmission of synchronization and paging signals with FDM requires enough carrier bandwidth. Thus, the approach may not be suitable for a carrier with small carrier bandwidth.
· FDM of synchronization and paging signals may prohibit gNBs from performing power boosting to meet link budget of synchronization signals because of the increase of PAPR

If FDM is permitted by UE bandwidth capability and carrier bandwidth, it is beneficial with FDM between paging and SS block. Otherwise, TDM needs to be used.

Proposal 3：NR supports both TDM and FDM between paging DCI and SS block.


In NR, the periodicity of SS block can be {5, 10, 20, 40, 80, 160} ms, and the periodicity of paging message hasn’t been decided. In LTE, the periodicity of paging message can be {320, 640, 1280, 2560}ms, which is the integer multiples of SS periodicity. In the time domain, every N consecutive SS block burst sets are followed by one paging occasion group as shown in Fig.2. The paging DCIs of one paging occasion group can be QCLed with the nearest earlier SS block burst set as shown in the right part in Fig.2. The offset between paging occasions and the corresponding SS block is preconfigured or signaled to UE.  

Figure 2:  Association between paging DCI and SS blocks

The paging occasions can be configured to be associated with the candidate SSBs or actual transmitted SSBs. Regardless whether the candidate or actual transmitted SS block is used for PO configuration, UE will detect the paging DCI at the POs associated with the detected SS block time index.
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 option 2, where paging group indicator triggering UE feedback and Paging DCI followed by Paging Message.  
· 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.   
· 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.  
· Proposal 3：NR supports both TDM and FDM between paging DCI and SS block. . 
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