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1. Introduction

In RAN #71 meeting, there was discussion on paging design in NR and the following agreements were made [1].
	Agreements:

· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 
· Other alternatives are not precluded

· Companies report their assumption for paging


In this contribution, we discuss on paging design considering multi-beam based operation in NR system.
2. Discussion

In LTE system, subframe and radio frame for UE monitoring of paging message are defined as paging occasion (PO) and paging frame (PF), respectively. During IDLE mode, UE needs only to monitor one PO per DRX cycle. Specifically, PF and PO for a UE can be determined by the following equation. In Figure 1, an example of PF and PO is depicted.
PF: SFN mod T = (T / N) * (UE_ID mode N)

PO: i_s = floor (UE_ID) mode Ns

T: DRX cycle of UE

nB: Total number of POs in a DRX cycle

N: Number of PFs in a DRX cycle (e.g., N= min{T, nB})

Ns: Number of POs in a PF (e.g., Ns= min {T, nB/T})

UE_ID: IMSI mode 1024
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Figure 1. Example of PF and PO
For paging in NR system below 6 GHz, paging message transmission can be designed similar to paging in LTE system. However, in NR system for high frequency band above 6 GHz, hybrid beamforming which consists of digital beamforming with limited dimension and analog beamforming using analog phase shifter is mainly considered for coverage extension. Therefore, paging message also needed to be beamformed transmission when the hybrid beamforming based operation (e.g., multi-beam based operation) is applied. For the beamformed paging message in NR, the following two options can be considered.
· Option 1
·   Paging message (with or without DL control) can be transmitted in PO(s) with beam sweeping manner.

· Option 2

·   DL control for paging message can be transmitted in PO(s) with beam sweeping.

·   DL control indicates DL timing for paging message (e.g., paging message can be transmitted in subframes which are not POs)
For Option 1, UE may need to monitor multiple POs (e.g., M) corresponding to multiple beams in a DRX cycle. For Option 2, DL control for paging (e.g., scheduling DCI) can be transmitted with beam sweeping per PO and UE may need to monitor one or multiple POs (e.g., N ≤ M). Regarding this, Option 2 may be more power efficient than Option 1 since DL control for paging may need smaller number of PO(s) than paging message itself and UE can monitor DL control for paging with small bandwidth (e.g., bandwidth adaptation) due to smaller size of DL control than the paging message. 
However, Option 2 may need scheduling DCI and DL timing indication for paging message. Another way is to transmit paging message indicator with beam sweeping possibly per UE. If a UE detects a paging message indicator, then the UE can expect reception of paging message in certain time resources (e.g., PO(s)) which can be implicitly or explicitly indicated by the network (e.g., minimum SI). Figure 2 depicts the two options for paging in NR system with multi-beam based operation.
Proposal #1: In NR system with multi-beam based operation, the following two options can be considered for paging message transmission.
· Option 1: Beam swept paging message (with or without DL control) transmission in PO(s)
· Option 2: Beam swept DL control for paging message transmission in PO(s)

· FFS: Details on DL control (e.g., scheduling DCI or paging message indicator)
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Figure 2. Example of paging with multi-beam based operation
It is FFS whether paging is multiplexed with SS blocks or another round of beam sweeping for paging is dedicated. It is up to the size of paging (e.g. paging indicator and/or paging message) whether it can be multiplexed within the SS block, FDMed or TDMed. If we adopt paging message indicator as in option 2, it can be included in SS block, which seems a more resource efficient way. Alternatively, the paging message itself can be delivered by on-demand manner based on UE request, who detects the paging indicator. 
Proposal #2: In NR system with multi-beam based operation, multiplexing paging with SS block can be considered.
Paging delivery mechanism needs to be designed not only for UEs in RRC_IDLE mode but also for UEs in RRC_INACTIVE mode and it is FFS whether the same mechanism will be applied for both modes. Most of procedures may be up to RAN2 design whether the paging message is unicasted or broadcasted but more essential aspect of paging delivery/design in RAN1 perspective is paging indicator design. Hence, we propose to study on the paging indicator design including sequence design itself, whether it is UE dedicated, and etc.
Proposal #3: FFS on the paging indicator design including sequence itself, whether it is UE dedicated, and etc.

3. Conclusion
In this contribution, we discussed paging design in NR and the following proposals were made:
Proposal #1: In NR system with multi-beam based operation, the following two options can be considered for paging message transmission.
· Option 1: Beam swept paging message transmission in PO(s)
· Option 2: Beam swept DL control for paging message transmission in PO(s)

· FFS: Details on DL control (e.g., scheduling DCI or paging message indicator)
Proposal #2: In NR system with multi-beam based operation, multiplexing paging with SS block can be considered.

Proposal #3: FFS on the paging indicator design including sequence itself, whether it is UE dedicated, and etc.
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