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1 Introduction
In RAN1#84 meeting, the following agreement on paging was made [1]:

· NB-PDSCH for paging is always scheduled by a control channel
In RAN1#84 meeting, RAN2 asked RAN1 the available subframes for paging [2]:
· Q1: RAN2 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.

In this contribution, we discuss the remaining issues on paging transmission for NB-IoT.
2 Subframes for paging opportunities
For in-band operation, considering that subframe#0/#4/#5/#9 would not be used for LTE MBSFN transmission, and downlink paging capacity may not be an issue for NB-IoT, subframe#0/#4/#5/#9 may be used as possible paging opportunities (PO) for NB-IoT. However, subframe#0 in every frame has been used for NB-PBCH transmission, and subframe#5 in every frame has been used for NB-PSS transmission. In RAN1#84 meeting, subframe#9 was agreed to be used for NB-SSS transmission, but corresponding NB-SSS period (e.g., 10 ms or 20 ms) was not agreed. As described in [3], NB-SSS period of 10 ms is preferable, i.e., subframe#9 in every frame is used for NB-SSS transmission. In this case, only subframe#4 can be used as POs.
In email discussion [84-09] after RAN1#84 meeting, subframe#4 was agreed to be used for NB-SIB1 transmission within each frame transmitting NB-SIB1. Specifically subframe#4 in every even or odd frame of transmission windows (including 16 continuous frames) in which NB-SIB1 transmitted would be used for NB-SIB1. In this case, the following method can be used to determine possible POs: when subframe#4 in every even frame of transmission windows in which NB-SIB1 transmitted is used for NB-SIB1 transmission, subframe#4 in every odd  frame is used as POs; otherwise, subframe#4 in every even frame is used as POs. When frame mapping (whether even or odd frames used) for NB-SIB1 is determined by PCID, corresponding POs are also determined by PCID.
Proposal 1: Depending on frame mapping for NB-SIB1, subframe#4 in every even/odd frame is used as POs.
3 Paging mechanism
Based on TS36.304 [5], the formulae and tables for acquiring POs in LTE are as following:

· PF is given by following equation: SFN mod T= (T div N)*(UE_ID mod N).
· Index i_s pointing to PO based on Table 1 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns.
· The following Parameters are used for calculation of PF and i_s:

· T: DRX cycle of the UE.
· nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

· N: min(T,nB)

· Ns: max(1,nB/T)

Table 1 The mapping between i_s and PO for different Ns
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Depending on the configuration, the above formulae/tables can result in POs being placed in subframes #0, #4, #5, and/or #9 of a 10 ms radio frame. When only subframe#4 in every even/odd frame is used as possible POs, the existing paging mechanism can also be reused, but with a few modifications. 

Specifically, the following two options can be considered:
· Option 1: NB-IoT is assumed to use a 20 ms paging frame (PF) structure instead of 10 ms PF structure. In this case, a “PF” is corresponding to a 20 ms duration, a “SFN” is replaced by the number of a 20 ms PF, and “T (i.e., DRX/paging cycle)” is integral multiples of 20 ms PF. Besides, considering that there is only single PO within a 20 ms PF, calculation of “i_s” and the mapping between i_s and PO would not be needed any more.

· Option 2: NB-IoT is assumed to use a 80 ms PF structure instead of 10 ms PF structure. In this case, a “PF” is corresponding to a 80 ms duration, a “SFN” is replaced by the number of a 80 ms PF, and “T (i.e., DRX/paging cycle)” is integral multiples of 80 ms PF. Besides, the mapping between i_s and PO for different Ns shown in Table 2.1 should be modified, e.g., if subframe#4 in every even frame used as POs is assumed, the new mapping between i_s and PO for different Ns can be as shown in Table 2.
Table 2 The new mapping between i_s and PO for different Ns
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	SF#4, SFN mod 8 = 6
	N/A
	N/A
	N/A

	2
	SF#4, SFN mod 8 = 2
	SF#4, SFN mod 8 = 6
	N/A
	N/A

	4
	SF#4, SFN mod 8 = 0
	SF#4, SFN mod 8 = 2
	SF#4, SFN mod 8 = 4
	SF#4, SFN mod 8 = 6


In Rel-13 eMTC, subframe#5 in every frame is used as possible POs, and from the perspective of simplifying the design, the paging solution similar to Option 1 is used. Here the only difference from Option 1 is that a 10 ms PF structure is preserved for Rel-13 eMTC. The same solution as eMTC can be used for NB-IoT.
Proposal 2: From the perspective of simplifying design, a 20 ms PF structure is used for NB-IoT.
Similar to Rel-13 eMTC, for repetition transmission of paging data (including NB-PDCCH carrying paging DCI and NB-PDSCH carrying paging message) starting from a paging opportunity, all the available subframes for repetition are determined by configuration of valid subframes in NB-SIBx.

4 Notifications carried in paging DCI
In Rel-13 eMTC, in order to reduce resource waste and reduce active time of eMTC UEs, if no eMTC UEs are paged and only notifications, including “systemInfoModification”, “etws-Indication”, “cmas-Indication”, “eab-ParamModification”, and “systemInfoModification-eDRX”, are transmitted in current PO, such notification information can be carried by DCI as agreed in RAN1 #82bis meeting [6]:

· In each Paging Occasion (PO), an RRC idle UE monitors one DCI type.
· An indication (e.g. S_flag) is 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.
The similar solution can be reused for NB-IoT. Considering that notifications of “etws-Indication”, “cmas-Indication”, and “eab-ParamModification” would not be supported, notifications of “systemInfoModification” and “systemInfoModification-eDRX” can be carried paging DCI for NB-IoT.
Proposal 3: Notifications of “systemInfoModification” and “systemInfoModification-eDRX” may be carried in paging DCI for NB-IoT system.

5 Conclusions
In this contribution, we have discussed the remaining issues on paging transmission for NB-IoT. We make the following proposals:
Proposal 1: Depending on frame mapping for NB-SIB1, subframe#4 in every even/odd frame is used as POs.
Proposal 2: From the perspective of simplifying design, a 20 ms PF structure is used for NB-IoT.
Proposal 3: Notifications of “systemInfoModification” and “systemInfoModification-eDRX” may be carried in paging DCI for NB-IoT system.
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