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1. Introduction

At the RAN1 #90bis meeting, paging design for NR was discussed based on [1, 2], and RAN1 made following agreements [3].
	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) (R1-1718926), which is endorsed in R1-1719164 with the following updates:

· Update the note to “Note that in RAN1#86bis, the following agreements were made:

· NR supports at least same-slot and cross-slot scheduling for DL.”

Agreements:

· Paging DCI andMessage numerology is the same as RMSI. 

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 on the remaining details for paging design for NR. 
2. Discussion 
In this section, the remaining issues for paging design in NR are discussed, including paging mechanism options, FDM of paging occasions, QCL between SS block and paging DCI/message, non-slot based PDCCH for paging delivery and paging occasion definition.
Paging mechanism options
At the last RAN1 meeting, RAN1 agreed that at least option 1 (Paging scheduling DCI followed by Paging Message) is supported from following four options for paging mechanism. 
· 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. 
Here, we discuss on whether any other options of paging mechanism should be supported or not. Option 2, 3, and 4 define new paging group indicator in addition to paging DCI and paging message. Even though Option 2 based on paging indication for UE beam reporting may be beneficial to reduce paging transmission overhead especially in multi-beam based operation, the paging indication itself needs to be broadcasted and it may cause a large number of beam reporting from many UEs. Hence, further study on efficient paging indication mechanism and beam reporting mechanism for IDLE mode UE is necessary. Considering the limited time in Rel-15 timeline and additional specification effort for new paging group indicator, it would be difficult to support Option 2, 3 or 4 in this release. Hence, it is reasonable to only focus on Option 1 paging mechanism in this release. Other possible enhancements can be further discussed in future releases.
Proposal 1: Rel-15 NR supports only Option 1 (Paging scheduling DCI followed by Paging Message) for paging.
FDM of paging occasions
At the last RAN1 meeting, it was agreed that at least some parameters for Paging Occasions (e.g. periodicity for the UE to monitor the paging scheduling DCI) are explicitly signaled in RMSI or OSI but they were remained as FFS whether to support FDM of Paging Occasions and its configuration.  
We think that FDM of paging occasions should be supported. If FDM of paging occasions is not supported, in case of large number of UEs, paging capacity needs to be increased by either extending bandwidth for paging DCI/message or increasing paging occasions in time domain. In such case, UE effort and power consumption are increased due to wider paging monitoring bandwidth or longer paging monitoring time duration. FDM of paging occasions can be configured by informing the frequency positions in RMSI or OSI (up to RAN2).
Proposal 2: FDM of paging occasions is supported and network configures the frequency positions by using RMSI or OSI.
Associations between SSB and possible subsets of paging DCI/messages
At the last meeting, RAN 1 agreed that UE may assume QCL between SS Blocks, paging DCIs and paging messages and the details on the associations between SSB and possible subsets of paging DCI/messages are remained as FFS.
There are following two options for QCL relationship between SS/PBCH block and paging DCI/message.
Option 1: Configurable by system information
Option 2: Predefined/assumed in the specification
We propose that the QCL assumption between SS/PBCH block and paging CORESET can be configured by system information instead of predefined in the specification to achieve flexibility. In addition, when system information doesn’t include the configuration information of paging CORESET or association with SS/PBCH block, UE assumes that paging CORESET is same as CORESET configured in NR-PBCH for RMSI or CORESET configured in RMSI for RA.  
Proposal 3: NR supports to configure the QCL relationship between SS/PBCH block and paging CORESET via system information.
In addition, regarding association between SS/PBCH block and paging CORESET in frequency domain in case of multiple SS/PBCH block transmissions, there are three considerable association options i.e., 1-1 association, N-1 association and 1-N association.  We think that all options would have some usage scenarios. 1-1 association is a basic scenario, 1-N association is FDM of paging occasions, and N-1 mapping is to concentrate paging transmission to a certain frequency location. It can be realized by supporting CORESET configuration signaling and association signaling in system information. 

Proposal 4: NR supports 1-1, 1-N and N-1 associations between SS/PBCH block and paging CORESET.
Non-slot based PDCCH for paging delivery
At the last meeting, RAN1 agreed that NR supports both slot and non-slot based PDSCH transmissions for paging delivery. It seems straightforward that NR also supports slot and non-slot based PDCCH transmissions for paging delivery as well as PDSCH transmission. 
Proposal 5: NR supports both of slot and non-slot based PDCCH transmissions for paging delivery. 
Paging occasion definition
Paging occasion definition can be based on LTE in which paging occasion is derived by UE_ID, NW configuration such as Paging/DRX cycle and parameter nB. Since beam sweeping for paging is a new aspect from LTE, how to define paging occasion in such scenario needs to be considered. One simple way to support beam sweeping is that paging occasion is defined so that it covers beam sweeping duration for paging DCI transmission. In such case, even if UE doesn’t know the best TRP Tx beam for it at the time, UE can detect paging DCI by monitoring all possible paging CORESETs during paging occasion. However, it increases UE power consumption in IDLE mode due to multiple paging DCI monitoring in each paging occasion. Since association between SS/PBCH block and paging CORESET can be informed to UE and UE anyway monitors SS/PBCH block for cell reselection in IDLE mode, paging occasion in beam sweeping scenario can be defined so that it covers paging CORESET(s) associated with SS/PBCH block(s) that have good quality at the UE.
Proposal 6: Paging occasion is derived by UE_ID, NW configuration such as Paging/DRX cycle and nB. UE monitors paging CORESET(s) associated with SS/PBCH block(s) that have good quality at the UE.
3. Conclusion 

In this contribution, we discussed the remaining issues for paging design for NR multi-beam based operation. Based on the discussion above, we made following proposals. 
Proposal 1: Rel-15 NR supports only Option 1 (Paging scheduling DCI followed by Paging Message) for paging.
Proposal 2: FDM of paging occasions is supported and network configures the frequency positions by using RMSI or OSI.
Proposal 3: NR supports to configure the QCL relationship between SS/PBCH block and paging CORESET via system information.

Proposal 4: NR supports 1-1, 1-N and N-1 associations between SS/PBCH block and paging CORESET.
Proposal 5: NR supports both of slot and non-slot based PDCCH transmissions for paging delivery. 
Proposal 6: Paging occasion is derived by UE_ID, NW configuration such as Paging/DRX cycle and nB. UE monitors paging CORESET(s) associated with SS/PBCH block(s) that have good quality at the UE.
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