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1. Introduction

At RAN1#NR3 and RAN1#90bis meetings, the following were agreed with respect to paging [1] [2]. This contribution discusses further the remaining details on paging design. 
	Agreements:
· 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:

· 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:
· Paging DCI and Message 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


2. Discussions
Paging Mechanisms 

In our view, Option 1 is a fundamental paging mechanism, which is similar as in LTE, with additional support of beam sweeping. Based on the PO configuration, the UEs can determine the corresponding slot(s) to search for the paging DCI. It is noted that this effectively divides UEs into multiple groups, e.g., depending on the PO configuration parameters and/or UE IDs. 
For both Option 2 and 3, a paging group indicator is used, which can be carried in a DCI or a non-schedule physical channel. A group bitmap (e.g., ~10 groups) can be indicated if there are UEs belonging to a group are to be paged. The indication enables UEs belonging to the non-indicated UE group(s) enter sleep mode directly without the need of receiving subsequent paging PDCCH/PDSCH. However, this additional group indicator results in extra signalling overhead and UE power consumptions. In addition, the paging traffic is quite not expectable, and it is not clear how beneficial can the group indicator be.   
· In Option 2, the paging indication triggers UE feedback if the corresponding UE group is indicated. The UE feedback may include a RACH procedure or specific beam reporting scheme in multi-beam operation. The UE then keeps receiving the subsequent PDCCH/PDSCH to confirm if it is paged or not. The above procedure is quite complicated and the UE feedback results in additional overhead and UE power consumptions. Therefore, the necessity and benefit need further investigations. 

· In Option 3, the UEs belonging to the indicated UE group need to keep receiving the subsequent PDCCH/PDSCH to confirm if it is paged or not. The benefit of additional group indication on top of Option 1 is questionable. 

· Considering the above pros and cons of options, the configurability between different options as in Option 4 should also be for further study. 

Proposal 1: For NR paging mechanism, additional operations on top of Option 1 is not supported in Rel-15, and can be further investigated in future releases.

Paging CORESET 

Since the paging transmission is for both RRC_Idle UEs and RRC_Connected UEs, the paging CORESET can be provided in RMSI or OSI, and it can be shared by RRC_Idle UEs and RRC_Connected UEs. The frequency resource for paging CORESET can be the same as the frequency resource of the RMSI CORESET, while the time instances (e.g., periodicity and transmission time offset) can be different, which is up to RAN2 decision. More details on PO determination can be found in our companion contribution [3].
Proposal 2: The frequency resources of paging CORESET are the same as the RMSI CORESET, while the time instances can be different. 
Spatial QCL Assumption
In order to receive the beamformed paging, UE needs to monitor increased number of paging slots for TX beam sweeping. With QCL between SS blocks and paging DCI/messages, the UE is able to determine the best DL TX beam based on the detected SS block and then monitor the paging slot corresponding to the best DL TX beam. A pre-defined QCL association between the SS blocks and paging DCI/messages can be considered. For example, a default association rule can be determined between the number (X) of TX beams used by the SS blocks and number (Y) of TX beams used by the paging DCI/messages, e.g., a 1-to-1 mapping, 1-to-N mapping or N-to-1 mapping can be derived depending on the number of used TX beams. 
· If X=Y, 1-to-1 mapping
· If X<Y, 1-to-N mapping where N=Y/X
· If X>Y, N-to-1 mapping where N=X/Y
Proposal 3: The QCL association between SS blocks and paging DCI/messages is implicitly determined by the number of TX beams used by SS blocks and paging DCI/messages. 

3. Conclusions
In this contribution, the remaining details of NR paging channel are discussed. In summary, the proposals are as follows:

Proposal 1: For NR paging mechanism, additional operations on top of Option 1 is not supported in Rel-15, and can be further investigated in future releases.

Proposal 2: The frequency resources of paging CORESET are the same as the RMSI CORESET, while the time instances can be different. 

Proposal 3: The QCL association between SS blocks and paging DCI/messages is implicitly determined by the number of TX beams used by SS blocks and paging DCI/messages. 
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