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1. Introduction

During RAN1#90bis meeting, the following were agreed on NR paging [1]:
Agreements:

· 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 

· LS to RAN2 to inform the above agreements – Teck (Huawei)

Agreements:

· At least some parameters for Paging Occasions are explicitly signaled. 
· 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:

· 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:

· 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

In this contribution, we discuss paging occasion definition in NR. FDM of paging occasions, QCL of paging and POs patterns are discussed. 
2. Discussion  
LTE like TDM of paging occasions is supported in NR paging. It is FFS whether to support FDM of paging occasions. The broadcast signals including paging need be swept over multiple beams in multi-beam deployment, especially for high frequency. The issues of sweeping overhead for paging transmission have been addressed during last several meetings. Wideband carrier is supported in NR. The wideband may be configured to multiple bandwidth parts. If only TDM of paging occasions is supported in NR, the paging overhead will be centralized on one specific paging bandwidth, which may belongs to a bandwidth part. This bandwidth part will suffer high load of broadcast signals, and unicast traffic will congest in this bandwidth part. FDM of paging occasions can distribute the paging load to several paging bandwidths. The congestion of one bandwidth part can be avoided. The bandwidth of FDM’ed PO should be confined within the UE minimum bandwidth.The configuration of FDM POs can be signalled in RMSI or OSI. 
Proposal 1: FDM of Paging Occasions is supported in NR paging. 

In NR, multiple FDM’ed SS blocks can exist in a wideband carrier.  It was agreed that UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages. If FDM of paging occasions is supported, the QCL association between FDM’ed SS blocks and FDM’ed paging should be configured. For example, UE will assume QCL between SS blocks and paging DCI/message, which belong to the same bandwidth part.
Proposal 2: UE can be configured QCL association between SS block and paging located in multiple bandwidth. 

It was agreed that NR supports both slot and non slot based PDSCH transmissions for paging delivery. In order for efficient beam sweeping of paging, paging and SS block can be FDM’ed in a paging occasion. However, the transmission of SS blocks is confined in a 5ms time window. In the slots not containing SS blocks, it is not clear how to define paging occasion, including time/frequency resource of PO. The resource of PO can be predefined or configured in system information. The latter way requires more signaling overhead. And flexible resource configuration of paging seems not necessary. For the predefined paging resource, the nominal resource for SS block can be used for paging resource. The nominal SS block resource includes the candidate resource location in a slot defined for SS block transmission. As agreed in [2], the following figure illustrates the mapping of nominal SS block resources in a slot in case of 15kHz SCS. 
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Figure 1 Nominal SS block resource mapping
UE is signaled actual transmitted SS blocks and periodicity of SS burst set, and determines candidate paging resource in the following cases:
· In the nominal SS block resource where SS block is actually transmitted, the predefined resource FDM’ed with the nominal SS block resource is determined as candidate resource for paging
· In the nominal SS block resource where SS block is not actually transmitted, at least the nominal SS block resource determined as candidate paging resource. The predefined resource FDM’ed with the nominal SS block resource can be further used as candidate paging resource
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Figure 2 Candidate paging resource definition
For the non slot based PDSCH transmissions for paging delivery, the following definition of PO can be considered for efficient beam sweeping:

· 4 OFDM-symbol duration PO can be defined with the paging resource FDM’ed with nominal SS block resource
· 2 or 4 OFDM-symbol duration PO can be defined with the paging resource including nominal SS block resource
The design of nominal SS block resource has taken several aspects into account, such as the location of other channel/signals, UL/DL transmission, URLLC and so on. The paging delivery using nominal SS block resource will have least impacts on the other channel/signals transmission. The signaling of paging resource can be reduced, since the nominal SS block resource is predefined in a slot. Therefore, it is proposed nominal SS block resource can be defined as paging delivery resource.
Proposal 3: Nominal SS block resource where SS block is not transmitted can be defined as paging resource of PO.
In RAN2 agreement, the 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. The proposed paging resource can be one subset of times slots in a PO, which enables transmission of paging using a DL TX beam. 
3. Conclusions
In this contribution, the paging occasion definition in NR is discussed. FDM of paging occasions, QCL of paging and POs patterns are discussed, and the followings are proposed.
Proposal 1: FDM of Paging Occasions is supported in NR paging.
Proposal 2: UE can be configured QCL association between SS block and paging located in multiple bandwidth. 

Proposal 3: Nominal SS block resource where SS block is not transmitted can be defined as paging resource of PO.
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