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1. Introduction
The following agreements were made on paging in the RAN1 #AH_NR3 meeting [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. 
· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options. 
Based on these agreements, we discuss design considerations for paging in NR. 

2. Discussion
It is well understood that a paging design like in LTE will place significant demands on DL resources with multi-beam deployment especially with mmWave. 
However, below 6GHz, an LTE-like technique can still be deployed without serious problems with signaling overhead. So NR may support Option 1 as a baseline where the network sends paging DCI and paging message across paging area to page a UE.
Proposal 1: NR supports Option 1 as a starting point.
For mmWave operation, the network would benefit from reduced sweeping of the paging message. UE-assisted paging and index (e.g. compressed UE ID) based paging have been proposed [2],[3] as possible ways to reduce the overhead caused by beam sweeping paging DCIs and paging messages on the DL. NR should investigate these options to reduce excessive sweeping and signaling of the paging message. 
Proposal 2: NR supports Option 2 for at least above 6GHz.
The network may configure Option 1 or Option 2 depending on the traffic and use case. The RMSI may indicate the form of paging and its configuration, e.g. RNTI used for scrambling the paging DCI.
Proposal 3: Network indicates the paging option to be used, i.e. Option 1or Option 2.
In the following sections, we discuss assisted paging further.
2.1 UE-assisted paging 
For UE assisted paging, a paging indicator RNTI may be transmitted on multiple beams and BWPs. The paging indicator may be sent in the CORESET configured for RMSI. The UEs that receive the paging indicator RNTI at their Paging Occasions (POs) respond with a RACH transmission such that the gNB recognizes the beam and BWP associated to that UE. The gNB then transmits a paging message DCI and paging message on the corresponding beams and BWPs, thereby not having to send the message (which is a sizeable payload) across all beams and configured BWPs. An example of UE assisted paging is shown in Figure 1. 




[bookmark: _Ref494707373]Figure 1 UE-assisted paging: signalling between gNB and UE 

In Figure 2 we show ways in which the PRACH resources may be configured for UE’s paging response. The PRACH resources may be associated with the SSBs in a TDM manner as seen in Figure 2(A) so that the UE send the PRACH preamble in the PRACH resource associated to the SSB it monitors. Or the PRACH resources may occur on a wider beam common across multiple SSBs as shown in Figure 2(B); in this case, the PRACH preambles are based on the association of the SSB detected by a UE.



 


[bookmark: _Ref494708040]Figure 2 PRACH resources for paging. (A) Paging PRACH resources in TDM, associated with SSB (B) Paging PRACH resources common across the SSBs

Proposal 3: NR supports multiple paging indicator RNTIs distributed among the UEs. 


2.2 UE mapping to BWP
UEs may monitor a default BWP for paging signals. Here, the UE learns about the default BWP from the RMSI following the SSB block it uses to camp on the cell. 
But it may be desirable to distribute the UEs across the BWPs to make the paging signaling load more uniform across the BWPs. The RMSI may indicate the paging BWP set comprising of the BWPs in which paging signaling is available. 
Proposal 4: UE-to-BWP mapping may be supported for paging signaling.

3. Conclusion
In this contribution, we discussed the paging design considerations, especially on reducing the paging signaling overhead with multi-beam scenario, and we propose the follows.
Proposal 1: NR supports Option 1 as a starting point.
Proposal 2: NR supports Option 2 for at least above 6GHz.
Proposal 3: NR supports multiple paging indicator RNTIs distributed among the UEs. 
Proposal 4: UE-to-BWP mapping may be supported for paging signaling.
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