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Discussion/Decision
1
Introduction
In RAN1 #82 and #82bis, the followings which are related to the timing and frequency relationship for SIB1bis and paging have been agreed:
Agreements in RAN1 #82:
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

· One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)

Agreement in RAN1 #82bis:
· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 

· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth

· narrowbands = 2 for system BW of 12-50 RBs

· narrowbands = 4 for system BW of 51-110 RBs

· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 

· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH

· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)

In this contribution, we discuss on the remaining issues on time and frequency relationships for SIB-1bis and paging.
2
MTC-SIB1
The SIB-1bis is transmitted without an associated M-PDCCH, and the frequency location of the SIB-1bis is determined based on physical cell-ID, system bandwidth, and SFN. Also, it has been agreed that the number of narrowbands used for SIB-1bis is determined based on the system bandwidth which is either 2 or 4.
As a simplest way, a first narrowband index of 2 or 4 narrowbands can be determined based on the physical cell ID among the available narrowbands, and offset(s) can be used for the rest of narrowband(s) based on the first narrowband determined. For example, a modulo operation can be used to select the first narrowband index such as NBindex,0 = PCID mod NBtotal, where NBindex,1 and NBtotal denote the first narrowband index and the total number of narrowbands for a system bandwidth, respectively. The offsets for the rest of narrowbands can be determined based on the system bandwidth or a number of narrowbands used for SIB-1bis.
Proposal-1: a first narrowband index is determined based on a modulo operation of PCID and total number of narrowbands and predefined offset(s) are used for the rest of narrowbands.
Among the determined 2 or 4 narrowbands, a narrowband index in a subframe or SFN can be determined based on the PCID and subframe number and/or SFN. As an example, a random function can be used to determine one of the narrowbands in a subframe such as NBindex = NBindex,n, where the n-th narrowband within the NBSIB-1bis narrowbands is determined based on a hashing function based on PCID and SFN.
Proposal-2: a hashing function based on PCID and SFN is used to determine a narrowband within the narrowbands selected for SIB-1bis. 
3
Paging
The paging occasion (PO) for eMTC needs to be defined in two dimensional such as time and frequency since more than on narrowbands can be located in a PO subframe. The subframe of paging occasion for a UE has been determined based on the UE-ID, which is IMSI mod 1024 (hereafter IMSI-10). For the sake of the simplicity, the same UE-ID (i.e. IMSI-10) can be used to determine the narrowband index within the narrowbands configured for paging in a PO subframe.
Proposal-3: the same UE-ID for PO is used for the narrowband index determination for paging.
Since a modulo operation is used to determine the PO subframe, there seems to be a high possibility that all UEs within the same PO subframe may use the same narrowband if a modulo operation is also used for the narrowband index determination. To address this issue, a hashing function can be used to distribute UEs across narrowbands configured for paging in order to increase the paging capacity.
As an example, the following hashing function can be used to determine narrowbands which is based on IMSI-10 (NUEID) and the number of narrowbands (Nb) configured for paging. 
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where A and D are prime numbers which could be the same as the prime number used for (E)PDCCH UE-specific search space determination.
Proposal-4: a hashing function based on UE-ID and the number of narrowbands configured for paging is used to determine the narrowband index.
4
Conclusion
In this contribution, we discussed on the time and frequency relationship for MTC-SIB1 and paging. From discussions, we propose followings:
Proposal-1: a first narrowband index is determined based on a modulo operation of PCID and total number of narrowbands and predefined offset(s) are used for the rest of narrowbands.
Proposal-2: a hashing function based on PCID and SFN is used to determine a narrowband within the narrowbands selected for SIB-1bis.
Proposal-3: the same UE-ID for PO is used for the narrowband index determination for paging.
Proposal-4: a hashing function based on UE-ID and the number of narrowbands configured for paging is used to determine the narrowband index.
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