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1 Introduction

At RAN1 NB-IoT Ad-Hoc meeting in Budapest it was agreed that:

· CSS is defined for RAR (as well as paging)

And that:
· NB-PDSCH for paging is always scheduled by a control channel

This document proposes some further considerations on paging transmission.
2 Available subframes for paging
In [2], RAN2 asked RAN1 to provide answers for the following questions:

· Q1: 
RAN2 respectfully ask RAN1 to indicate if NB-IoT may be assumed to use a 10-ms radio frame structure.
· Q2:
RAN2 respectfully ask RAN1 which subframes of the radio frame are available/not available for scheduling paging transmissions.

Regarding Q1, although there has not been any formal RAN1 agreement on downlink frame structure so far, the 10-ms radio frame structure for the downlink has been widely assumed in the RAN1 agreements (e.g. in RAN1#84 it was agreed that “The same TB for NB-SIB1 is transmitted over 8 subframes” [1]). Therefore, it is suggested that RAN1 replies to RAN2 that “the NB-IoT downlink symbol duration, slot duration, and subframe duration are re-used from LTE”.

Regarding Q2, since “only cross subframe scheduling is supported” in the NB-IoT downlink (see [3]), and the TTI is not a fixed value, the available subframes for paging depends on the design of common search space for paging which is likely to be agreed in the RAN1 NB-IoT Ad-hoc#2 meeting (see [4] for our proposal).
3 NB-IoT carrier for paging
It was already agreed at RAN2#93 that (see [3])
· A UE in RRC_IDLE receives paging on an anchor PRB.

Hence RAN1 should not assume paging transmission on other than the the NB-IoT carrier on which NB-PSS/SSS, NB-PBCH and NB-SIBx are transmitted.

4 Support for SI change notification

It was agreed at RAN2#91bis that:

· Besides UE acquiring Value Tag before RRC connection, paging is used for SI change notification for information that is needed to keep the UE reachable in Idle mode (as for eDRX for LTE). It is FFS if such paging is done only by PDCCH or also includes a paging record.

And at RAN2#93, it was captured in the chairman’s notes that

· We leave it to RAN1 if the DCI with SI change indication can also be used to schedule a paging message. 

In eMTC, in order to support a number of notification types in MPDCCH, an “S_flag” is introduced to indicate whether the DCI for paging contains “direct indication” (of SI change, ETWS, etc) or scheduling of a normal paging message, as described in the following agreement [3]:

· In each Paging Occasion (PO), an RRC idle UE monitors one DCI type

· The DCI include an indication (e.g. S_flag)

· An indication (e.g. S_flag) used in the DCI with P-RNTI for paging

· If S_flag=TRUE, the rest of DCI bits carries scheduling information of PDSCH for paging message

· If S_flag=FALSE, the rest of DCI bits carries system information update, ETWS, CMAS, and EAB without scheduling information of PDSCH

In NB-IoT, the mechanism in eMTC can be reused for scheduling paging. As shown in our companion paper [9], DCI format N2 is defined for scheduling of paging transmission. A one-bit flag is used for paging/direct indication differentiation. When there is no paging message scheduled, the flag is set to 0 and a 1-bit direct indication information is transmitted in the DCI format N2. Otherwise, the flag bit is set to 1 and the rest of DCI bits carries scheduling information of PDSCH for paging message. We propose to reserve 4 bits for future releases in this field, considering that RAN2 has decided not to support ETWS, CMAS, EAB, etc. in this release, but may expand the scope of paging in future. See [9] for full details.
Proposal 1: In DCI format N2, a direct indication is transmitted when no paging message is scheduled and the scheduling information of a paging message is transmitted otherwise. Some reserved bits should be included for additional direct indications in future.
5 Multiplexing of paging records
In [5] a resource chaining enhancement was proposed for paging for NB-IoT where a flag is appended in each paging message to indicate the existence of an additional paging message. This may be helpful if it is a common understanding that the paging load is very high and so many UEs need to be paged at the same time at high probability, although this does not seem to be the case in the traffic model defined in 3GPP TR 45.820 where only 20% of the UEs in a cell need to be paged, with a minimum inter-arrival rate of 30 minutes.
6 Conclusions
In this contribution, the transmission mechanism for paging is discussed, which can be summarized through the following proposals:
Proposal 1: In DCI format N2, a direct indication is transmitted when no paging message is scheduled and the scheduling information of a paging message is transmitted otherwise. Some reserved bits should be included for additional direct indications in future.
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