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1 Introduction
RAN2 discussed the Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#91, #91bis, and #92 meetings. In this contribution, we will continue the discussion on remain open issues on Paging from RAN2 perspective.
2 Discussion
2.1 Determination of UE’s Paging narrowband
As agreed in RAN2#91, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level. Thus, the UE’s Paging narrowband (i.e. the narrowband on which the UE performs the Paging message reception) is determined irrespective of the UE’s coverage extension level. 
For UEs in enhancement coverage, if multiple Paging narrowbands are configured in the system, one straightforward way is that the UE’s paging narrowband is determined by the UE ID. The advantage is that in case multiple UEs with different coverage enhancement level are paged by the network simultaneously and they are monitoring the same PO, the Paging messages for them may potentially be separated in different Paging narrowband, which will avoid the inefficient Paging transmission, as shown in Figure 1. 
However, only using UE_ID to spread the paging on frequency domain is not enough. Using similar formula and same UE_ID for paging narrowband selection (UE_ID mod Nnb) as for PO calculation (UE_ID mod N) will for particular PO not result in any spreading on narrowbands. It means that UEs uses the same PO have very high probability to use the same narrowband. Besides, as agreed in RAN1, “Configuration of frequency hopping for paging M-PDCCH and MTC-SIBx is in a cell-specific manner”, frequency hopping for paging M-PDCCH is supported, and the hopping interval is also defined. 
Thus, frequency hopping should be considered during the determination for paging narrowband. Here, we consider involving a prime impact from time domain. We define that the P_NB can be computed as following the principle of uniform distribution across the narrowbands:
· P_NB = (UE_ID*SFN) mod Nnb, where Nnb is the total number of narrowbands for paging.
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Figure 1: Paging narrowband selection by UE ID and frequency hopping
Proposal 1: For CN initiated Paging, the UE’s paging narrowband is determined by the UE ID and frequency hopping. A possible formula can be
· P_NB = (UE_ID*SFN) mod Nnb, where Nnb is the total number of narrowbands for paging.
2.2 Paging frames and Paging occasions
In the legacy networks, paging frames and paging occasions are determined using the formulae given in TS 36.304. For Rel-13 low complexity MTC, the paging location can be calculated by the current principle. For UEs in coverage enhancement, repetitions of paging message should be delivered. The starting radio frame for the repetitions of M-PDCCH can be indicated by PF, and the starting sub-frame for the repetitions of M-PDCCH can be indicated by PO. In time sequence, the repetitions of paging messages are transmitted after the repetitions of M-PDCCH with P-RNTI.
The transmission of paging repetitions needs more subframe. We can re-use the legacy paging frame and paging occasion for paging transmission of LC/EC MTC. This method has no impact to current mechanism. Paging message can be derived by accumulating multiple paging cycles, which will lead a very long latency. Based on RAN1’s simulation evaluation, hundreds of repetitions are needed for paging transmission. Considering DRX cycle, the latency may be up to minutes for paging receiving. 
Thus, another alternative is to introduce extra subframes for paging repetitions for Rel-13 LC/EC MTC. Similarly, the calculation for the starting frame and subframe is based on the legacy formulae in TS 36.304. The paging messages are repeated between two paging occasions. 
The interval time between two paging occasions may not be sufficient for repetition of M-PDCCH and paging messages, which will lead collision between the repetitions of different paging messages. For example, even when the parameter ‘nB’ in paging occasion calculation formula is set to the lowest value of T/32, the maximum separation between two paging occasion is 32 frames. Thus, a longer separation between paging occasions may need to be defined. Based on the formulae given in TS 36.304, the minimum value range of ‘nB’ should be extended for LC/EC MTC, like T/64, T/128, or lower values. 
Proposal 2: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, for example T/64 and T/128.
3 Conclusion

In this contribution, we discussed remain open issues on MTC Paging transmission, and we have the following proposals: 
Proposal 1: For CN initiated Paging, the UE’s paging narrowband is determined by the UE ID and frequency hopping. A possible formula can be

· P_NB = (UE_ID*SFN) mod Nnb, where Nnb is the total number of narrowbands for paging.
Proposal 2: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, for example T/64 and T/128.
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