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1 Introduction

A new work item on further eMTC enhancement (FeMTC) was agreed in RAN#72 and later revised in RAN#73 meeting. In RAN1#87 meeting, agreements were made regarding new PRS configurations for FeMTC [1]. There are some issues for further study. 
· FFS: An optional finer muting pattern can be applied to PRS occasions in a legacy PRS period

· The muting of the first PRS occasion in a legacy PRS period follows the existing PRS muting
· Frequency hopping interval: FFS between the two following options:

· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD

· Option 2: one PRS occasion
· FFS: The hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0

· FFS: When frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval
In this paper, we further discuss the remaining issues of OTDOA enhancements.
2 Discussion on remaining issues of OTDOA enhancements
In RAN1#87 meeting, it is agreed that
· Configuration information multiple PRS time-frequency configurations with possibly up to [3] different PRS bandwidths per cell can be signaled to the UE, each information associated with a set of configuration parameters including PRS configuration index, number of PRS subframes per occasion, muting pattern, and new optional parameters

· Supported legacy PRS periodicities are {160, 320, 640, 1280} subframes that are jointly signaled with starting subframe offsets in PRS configuration indices

· No change w.r.t. legacy LTE PRS indices
· To support more frequent PRS transmission in time, add the following parameters to support multiple PRS occasions in a legacy PRS period

· PRS occasion interval in a PRS period: {10, 20, 40, 80} subframes

· If this is not configured, there is only one PRS occasion in a legacy PRS period.
PRS periodicity is the period of PRS occasions. PRS occasion intervals smaller than 160ms can be viewed as new PRS configurations with PRS periodicity {10, 20, 40, 80} subframes. We can use the existing Rel-14 muting patterns to apply in just the same way to the new smaller periods as they do to legacy periods. In Rel-14 further indoor positioning WI, the muting patterns are already extended to {2, 4, 8, 16, 32, 64, 128, 256, 1024} bit lengths. Thus there is no need to have additional bit lengths for feMTC.
Proposal 1: Support PRS periodicities with {10, 20, 40, 80} subframes that are jointly signaled with starting subframe offsets in PRS configuration indices. Reuse the Rel-14 muting pattern signaling for the new PRS periodicities.
Frequency hopping enables FeMTC to achieve frequency diversity gain thus improving PRS SNR. If coherent detection is applied, frequency hopping can effectively enlarge PRS measurement bandwidth, and thus further improve positioning accuracy.

There are two options of hopping interval for further study in RAN1#87.

· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD

· Option 2: one PRS occasion
For Option 1, coherent detection over different narrow bands may be feasible by coherently detecting multiple SFs. For Option 2, since narrow band remains the same during one PRS occasion, it is unlikely to allow coherent detection over different narrow bands/PRS occasions.
Proposal 2: Select option 1 for hopping interval of PRS.
· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD

In order to enable coherent detection, UE shall assume that the same precoder is used within one frequency hopping interval. PRS is sent at antenna port 6. It is noted that a similar proposal was agreed in RAN1#81 meeting for MPDCCH frequency hopping. Thus it is reasonable to assume that the same precoder is used within one frequency hopping interval for PRS transmission.

	RAN1#81 meeting

Agreements:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.


Proposal 3: When frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval.

PRS for FeMTC will co-exists with Rel-9 LTE PRS for backward compatibility. In order to make normal UE measure LTE PRS, it is important to send LTE PRS in legacy PRS occasion with TPRS= {160, 320, 640, 1280}ms.  Legacy LTE PRS will be sent in the center of the system bandwidth, with PRS bandwidth configurable. If PRS hopping pattern collides with LTE PRS in certain subframe, for backwards compatibility, LTE PRS should also be sent. 

Proposal 4: If FeMTC PRS hopping pattern collides with LTE PRS, LTE PRS is also sent for backward compatibility.

The PRS subframe offset can be 0-1279 ms with PRS occasion period from 10ms to 1280ms. Thus PRS can start at any subframe in any SFN. It is necessary to define PRS hopping pattern start points. In RAN1#87, it was discussed whether the hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0. The start of a PRS occasion may not fulfil SFN mod 8=0. One option is that hopping pattern always begins in the first radio frame in a PRS occasion. But it will make the system overly complicated since one cell can have multiple PRS occasion configurations as agreed in RAN1#87 [1]. Therefore it is proposed to assume that the hopping pattern starts in every radio frame fulfilling SFN mod 8=0 for FDD mode. For TDD mode, since we propose to use {1, 5, 10, 20} SFs for hopping interval, the PRS hopping pattern shall starts in every radio frame fulfilling SFN mod 20 = 0.
Proposal 5: The PRS hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0 for FDD. The PRS hopping pattern starts in every radio frame fulfilling SFN mod 20 = 0 for TDD.
3 Conclusion

In this paper, we further study the remaining issues for FeMTC OTDOA.

Proposal 1: Support PRS periodicities with {10, 20, 40, 80} subframes that are jointly signaled with starting subframe offsets in PRS configuration indices. Reuse the Rel-14 muting pattern signaling for the new PRS periodicities.
Proposal 2: Select option 1 for hopping interval of PRS.

· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD
Proposal 3: When frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval.

Proposal 4: If FeMTC PRS hopping pattern collides with LTE PRS, LTE PRS is also sent for backward compatibility.

Proposal 5: The PRS hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0 for FDD. The PRS hopping pattern starts in every radio frame fulfilling SFN mod 20 = 0 for TDD.
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