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1. Introduction

During the previous RAN1 meeting, following agreements on paging are made. 
	Agreements:

· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 
Agreements:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB

· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages


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

RAN1 agreed that paging message is scheduled by DCI carried by NR-PDCCH and UE will blindly detect the NR-PDCCH carrying DCI for paging message within pre-configured search space. RAN1 already considers network provides control channel search space for RMSI reception and it is preferable that UE is configured common CORESET for broadcast system information like RMSI, paging, OSI and etc.  
Proposal 1: UE is configured common CORESET for broadcasted system information like RMSI, paging, OSI and etc.
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 considered. Therefore, paging message and the corresponding DCI also needs to be beamformed transmission when the hybrid beamforming based operation (e.g., multi-beam based operation) is applied. 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. Similar approach on PF/PO can be applied for UEs in idle mode and inactive mode UEs in NR. 
Different from that of LTE, there can be multiple of paging DCI/message opportunities within one PO due to the beam swept transmission of paging. For the below 6GHz, one paging DCI/message opportunity per PO is enough however, for the above 6GHz, multiple of paging DCI/message opportunities per PO are needed. Referring to [1], it is said, 
Paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). The number of time slots in a paging occasion is configurable via system information.
-
A network may transmit a paging using a different set of DL Tx beam(s) or repetitions in each time slot.

NOTE 1:
FFS for the content of paging (e.g. paging message or paging indicator) when paging is transmitted using beam sweeping.

Multiple opportunities of paging per PO can be configured and it is FFS for the content, whether paging message or paging indicator are to be beam swept in PO. Regardless of beam sweeping of paging messages in PO, opportunities of paging per PO should be known to UE in order to properly detect the paging DCIs and each opportunity should be in terms of mini-slot in time domain. In other words, UE can perform blind detection of paging DCI every mini-slot within each PO. If the UE performs SS block based measurement and identifies the best received SS block index, then the UE can simply detect the associated paging DCI in the PO. 
We consider the following two options for beam-formed paging transmission.

· Option 1

·   Paging message (with paging DCI) can be transmitted in PO(s) with beam sweeping manner.

· Option 2

·   Paging DCI can be transmitted in PO(s) with beam sweeping.

·   Paging DCI indicates DL timing for paging message (e.g., paging message can be transmitted in subframes which are not POs)
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· Figure 2. Example of paging with multi-beam based operation

Observation 1: Multiple slots are configured per PO. UE performs detection of paging DCI based on the configured slots within PO. 

Proposal 2: In multi-beam based operation, the following two options are considered for paging message transmission.

· Option 1: Beam swept paging message (with DCI) transmission in PO(s)

· Option 2: Beam swept paging DCI transmission in PO(s) and the paging message can be transmitted in other than PO(s)

· FFS: Details on DL control (e.g., scheduling DCI or paging message indicator)

In addition, the beam sweeping pattern within the PO should be known to UE. It looks natural that UE detects SS blocks first before receiving paging so that the UE can identify the best DL transmission beam for paging reception. 
On the other hand, we have to decide whether paging indication triggers UE beam reporting in order to reduce DL signalling overhead. We have to identify whether paging indication is included in DCI or non-scheduled physical channel, i.e. dedicated sequence. Paging indication based on the dedicated sequence may have some false alarm probability; hence paging indication within DCI seems better since it hardly has false alarm possibility. Triggering of UE beam reporting using paging indication may have some benefits in terms of DL resource efficiency since this mechanism can prevent unnecessary beam sweeping of paging messages. The way that UE may trigger the beam report is as follows: 
· Upon receiving paging indication, UE can transmit UE feedback 
· By the detection of the UL received signals, gNB can identify the direction of UEs who need paging messages 
· gNB transmits paging messages to the targeted direction(s) only
   For this operation, paging indicator should be well designed in order not to avoid waste UL resource for the feedback transmission. If the paging indicator is UE-specifically designed, then this mechanism is expected to provide system efficiency. 

Proposal 3: In order to trigger UE feedback in response to the paging indicator, study further on the details on the paging indicator design in order not to ruin UL resource efficiency. 
In LTE, the Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. If UE receives a Paging message including the systemInfoModification, UE knows that the system information will change at the next modification period boundary. For eMTC, PDCCH is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change, instead of the Paging message. 

We assume that paging can be also re-used to inform UEs about system information change. This mechanism should be applicable for any RRC state, i.e. RRC_IDLE, RRC_INACTIVE, RRC_CONNECTED. We should further discuss whether UE monitors SI update in the Paging message or the NR PDCCH during its own paging occasion.
Proposal 4: Paging is used to inform UEs in RRC_IDLE, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED about system information change in the next modification period. It should be discussed whether UE monitors SI update in the Paging message or the NR PDCCH during its own paging occasion. 
3. Conclusion
In this contribution, we discussed paging design in NR and we propose as follows :
Proposal 1: UE is configured common CORESET for broadcasted system information like RMSI, paging, OSI and etc.
Proposal 2: In multi-beam based operation, the following two options are considered for paging message transmission.

· Option 1: Beam swept paging message (with DCI) transmission in PO(s)

· Option 2: Beam swept paging DCI transmission in PO(s) and the paging message can be transmitted in other than PO(s)

· FFS: Details on DL control (e.g., scheduling DCI or paging message indicator)

Proposal 3: In order to trigger UE feedback in response to the paging indicator, study further on the details on the paging indicator design in order not to ruin UL resource efficiency. 

Proposal 4: Paging is used to inform UEs in RRC_IDLE, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED about system information change in the next modification period. It should be discussed whether UE monitors SI update in the Paging message or the NR PDCCH during its own paging occasion. 
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