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1 Introduction
From RAN1 #87, the document [1] outlines the agreements on paging in multi-beam operation. At RAN1 #88 and RAN1 #88bis, there were agreements as shown in [2] and [3].
Agreements in RAN1 #87:
· 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

Agreements in RAN1 #88:
· 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 in RAN1 #88bis:
· 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
The following sections will briefly explain the concepts of the paging design.
2 The discussion on paging design
Base on the description in 3GPP TS 36.304[4], in LTE system that “One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one P-RNTI per DRX cycle.” PF and PO can be determined by the following formulae. An example of PF and PO is shown in Figure 1.

PF: SFN mod T=(T/N)*(UE_ID mod N)


PO: i_s=(UE_ID/N) mod Ns


T=DRX cycle length in radio frames


nB: Total number of POs in a DRX cycle

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

Ns: Number of POs in a PF (Ns= max {1, nB/T})

UE_ID: IMSI mode 1024


[image: image1.emf]DRX cycle (Time)

PF

P0 #0 P0 #1 P0 #2

Slot 

#0

Slot 

#1

Slot 

#2

Burst set for paging

(Slots)

Time

Paging block contains paging DCI 

with Paging message

…… ……

…… ……

…… ……

(Paging Occasion)

PF

(Paging Frame)

Paging block 

contains paging DCI 

(PUCCH)

Paging message 

(PUSCH)


Figure 1. The discussion on paging design
For the RRC idle mode in LTE, UEs need only to monitor one PO per DRX cycle, and we recommend that similar manner could be used for RRC idle mode for NR.
Observation 1. For NR, there is not a specific definition of PO/PF.
Proposal 1. The similar definition of PO/PF used in LTE could be used in paging design.
In LTE system, one paging DCI and paging message for per PO is enough. But in NR, due to the multiple of paging DCIs and paging messages for per PO, the resources of the burst set might not enough to use.
Because of the resources of the burst set might not enough to use. How to use limited resources more effective become very important. We study the R1-1707047[5] that they consider various structures and schemes for the transmission of paging DCI and paging message. One of the structure and scheme is shown in Figure 1 that one or more symbols are added to the SS blocks (paging slots) to fit also the paging message. And this manner is corresponded to the “Opt-2: paging indication is in non-scheduled physical channel” of agreements in RAN1 #88. 
Although this manner has some disadvantage mentioned in R1-1707047 “the extra symbols added in each block of all SS burst sets are almost wasted if no paging is transmitted.” But the structure and scheme ccould effectively reduce the latency compared to the paging DCIs transmit first. So, we suppose this structure and scheme as a better option to speed up linking to the internet of paging UEs.
Observation 2. There are multiple slots used per PO. UEs check their own identified of paging DCI and paging message based on the configured slots within PO.
Proposal 2. Paging slot contains paging DCI with related paging message for each slot. 

For NR, paging is discussion with the manner of TDM. And then discuss how to determine the procedure of paging DCI/message. 
We proposed the FDM manner of paging could be used in NR if it is supported. We can transmitter the paging DCI and paging message at the same time, and then we would get more resources to deal with other requirements, in other word, we also could use FDM manner to make the paging UEs more efficiency.
Meanwhile, gNB should have the capability to support different bandwidths when using the FDM manner to paging UEs. Because of the different bandwidths of each UE.
Observation 3. For NR, paging is discussion with the manner of TDM. 
Proposal 3. We suggest that FDM manner of paging could be used in NR if it is supported.
3 Conclusion

Based on the above observations, we proposed the ideas for the discussion on paging design as following:

Proposal 1. The similar definition of PO/PF used in LTE could be used in paging design.
Proposal 2. Paging slot contains paging DCI with related paging message for each slot. 
Proposal 3. We suggest that FDM manner of paging could be used in NR if it is supported.
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