3GPP TSG RAN WG1 Meeting #87                         R1- 1611789
Reno, USA, 14th – 18th November 2016
Agenda Item:
7.1.2.2
Source: 
LG Electronics

Title: 
NR Paging Design
Document for:
Discussion and decision
1. Introduction

In RAN #71 meeting, study item on new radio access technology (NR) was approved [1]. 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 can be transmitted in multiple POs with beam sweeping.

· Option 2

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

·   DL control can indicate 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 but it may need scheduling DCI and DL timing indication for paging message. 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 transmission in PO(s)
· Option 2: Beam swept DL control for paging message transmission in PO(s)
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Figure 2. Example of paging with multi-beam based operation
Moreover, like on-demand SI delivery, on-demand paging/notification delivery can also be considered. For example, gNB can send a paging including notification indication and then UE receiving the notification indication can perform random access to request delivery of the corresponding notification message. The details are described in [2]. In NR system with multi-beam based operation, notification indication can be transmitted with beam sweeping. For the request of notification message at UE side, how to select beam(s) and perform random access should be further studied.
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)
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