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LTE Rel-13 introduced improved support for machine-type communications (MTC) in the form of bandwidth-reduced low-complexity and coverage enhanced (BL/CE) UEs. One objective of the Rel-14 WI on Further Enhanced MTC (FeMTC) is to specify the following for OTDOA positioning support for BL/CE UEs [1]:
· OTDOA: core requirements 
· OTDOA: consider improvements of accuracy, UE complexity and power consumption for OTDOA
 In RAN1#86bis and RAN1#87, many agreements have been achieved. In this contribution, we discuss the remaining issues of OTDOA enhancements for FeMTC.
Discussion
Optional finer PRS muting
In RAN1#87, it was agreed to reuse LTE PRS muting mechanism for OTDOA enhancements for FeMTC with a bit string of {2, 4, 8, 16} bits, with each bit applied to one legacy PRS period. It is for further study that whether an optional finer muting pattern should be applied to PRS occasions in a legacy PRS period. The introduction of finer muting pattern might further facilitate the coordination of PRS transmissions across cells. However, according to the RAN1#86bis agreement, “For Rel-14 feMTC OTDOA positioning reference signal, enhancements to the legacy LTE PRS patterns and sequences can be considered but need to be justified by significant performance improvement compared to legacy.” Thus far, there are no results showing the gains of introducing a finer muting pattern, while LTE OTDOA has functioned well with the existing PRS muting mechanism. Therefore, we do not see the necessity of introducing the optional finer muting pattern. Considering further that RAN1#88 is the last scheduled meeting in Rel-14 and there are other more important issues, we propose that RAN1 stops considering introducing an optional finer muting pattern in OTDOA enhancements for FeMTC in Release 14.
Proposal 1: RAN1 does not introduce an optional finer muting pattern in OTDOA enhancements for FeMTC in Release 14.
PRS frequency hopping interval
In RAN1#87, the following options of PRS frequency hopping interval were discussed, and it is for further study which option to use.
· Option 1: {1, 2, 4, 8} SFs for FDD and {1, 5, 10, 20} SFs for TDD
· Option 2: one PRS occasion

Option 2 is cleaner and does not require an additional signaling parameter for the PRS frequency hopping. Further, Option 2 aligns with the rationale of introducing the support of multiple PRS occasions in a legacy PRS period, which was agreed in RAN1#87. With Option 1, the PRS frequency hopping interval needs to be indicated in a new LPP parameter. Considering that RAN1#88 and RAN2#97 are the last scheduled meetings in Rel-14, introducing a new parameter may impact RAN2 work and cause unnecessary delay. Therefore, we propose that Option 2 is selected for PRS frequency hopping.
Proposal 2: PRS frequency hopping interval is one PRS occasion. 
Supported PRS bandwidth for frequency hopping 
It was agreed in RAN1#87 that the number of bands for PRS frequency hopping is either 2 or 4, with the first band in the center and the starting position of each of the remaining bands indicated separately by a narrowband index.
Under a configuration of 5 MHz (i.e., 25 PRBs) PRS with 160 ms periodicity and 2 consecutive subframes in each period, LTE UE can meet the legacy RSTD measurement requirements [2]. If the RSTD requirements are not tightened for FeMTC UE, it seems that 5 MHz PRS without hopping is sufficient for FeMTC UE that is capable of receiving 5 MHz or wider bandwidth signal to meet the legacy RSTD requirements. Further, 5 MHz PRS does not fit well with the definitions of narrowband. Introducing frequency hopping for 5 MHz PRS needs additional discussions and decisions in RAN1, which is not desirable considering that RAN1#88 is the last scheduled meeting in Rel-14 and there are other more important issues.
For FeMTC UE that is only capable of receiving 1.4 MHz bandwidth signal, frequency hopping of 1.4 MHz (i.e., 6 PRBs) PRS can be beneficial for improving RSTD measurement accuracy. Also, 6-PRB PRS fits well with the definitions of narrowband.
Proposal 3: PRS frequency hopping is only supported for PRS with bandwidth of 6 PRBs. 
Starting subframe of PRS frequency hopping
In RAN1#87, the starting time of PRS frequency hopping interval was discussed, and it is for further study if “the hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0.” This is motivated by the potential alignment of the PRS frequency hopping with SIB1-BR frequency hopping. In particular, for BL/CE UEs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8 radio frames, where a period starts with a radio frame with SFN mod 8 = 0. 
Nevertheless, we do not see significant performance improvement by aligning the PRS hopping with SIB1-BR hopping. In addition, the SFNs of neighbour cells are not signalled in the existing LPP. As a result, if the hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0, each neighbour cell’s SFN needs to be indicated in a new LPP parameter, resulting in additional overhead. 
To avoid introducing a new LPP parameter carrying SFN information of each neighbour cell, we propose that the starting subframe of PRS frequency hopping does not depend on SFN. Instead, we propose that the starting subframe of PRS frequency hopping is the first PRS subframe in each legacy PRS period. As agreed in RAN1#87, the first PRS narrowband is in the center, and the transmission cycles through the other configured PRS narrowbands during the transmission of PRS signals in this period. In the next legacy PRS period, the hopping is then re-initialized.
Figure 1 illustrates PRS frequency hopping. There are 4 PRS occasions in each legacy PRS period. 4 PRS frequency hopping bands with the first band in the center are configured. The frequency hopping interval is assumed to be one PRS occasion. The frequency hopping starts at the first PRS subframe in each legacy PRS period, and then the PRS transmission cycles through the configured PRS bands until the last PRS subframe in the legacy PRS period. The hopping pattern repeats across legacy PRS periods.
Proposal 4: The starting subframe of PRS frequency hopping is the first PRS subframe in each legacy PRS period.
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[bookmark: _Ref471739573]Figure 1: PRS frequency hopping illustration: 4 PRS occasions in each PRS period; 4 PRS frequency hopping bands with the first band in the center; frequency hopping starts at the first PRS subframe in each legacy PRS period, and then PRS transmission cycles through the configured PRS bands until the last PRS subframe in a legacy PRS period. 
PRS precoder
In RAN1#87, it was agreed for further study that “When frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval.” In LTE, PRS signals are transmitted on antenna port 6. In particular, there are no precoders defined for PRS signals. The mapping of PRS signals to physical antennas is up to eNB implementation. For example, Figure 2 gives an illustration of the mapping of PRS signals to physical antennas, assuming 4 antennas at the eNB. The eNB may change the mapping precoder to create antenna diversity in PRS transmission.
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[bookmark: _Ref471742001]Figure 2: PRS precoder illustration
If the precoder changes, UE cannot coherently combine PRS signals sent with different precoders without knowing the used precoders. In legacy LTE, the maximum number of consecutive PRS subframes is 6, and the minimum PRS period is 160 ms. A reasonable eNB implementation would likely not change precoder within a PRS occasion that consists of at most 6 subframes. The eNB may change precoder across PRS periods. Since the minimum PRS period is at least 160 ms, a reasonable UE implementation would likely not attempt to coherently combine PRS signals across the PRS periods if the UE does not have the knowledge of the precoder.
With the agreed OTDOA enhancements for FeMTC, the number of consecutive PRS subframes per PRS occasion may be {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes. Also, to support more frequent PRS transmission in time, multiple PRS occasions in a legacy PRS period are introduced. The frequency of changing PRS precoder is a tradeoff between coherent combining gain and antenna diversity gain. It can be up to network implementation to decide on how to trade off the two factors. That said, it may facilitate UE RSTD measurements if UE can assume the precoder is not changed within a certain interval. Thus, we propose to agree on the FFS.
Proposal 5: RAN1 agrees that when frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval.
Maximum number of PRS bandwidths
In RAN1#87, it was agreed that 
· One cell can transmit multiple PRS time-frequency configurations with possibly up to [3] different PRS bandwidths
· 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

Configuring multiple PRS bandwidths is beneficial for supporting multiple device types with limited PRS resource overhead. Since there may be 1.4 MHz Cat-M1 devices, 5 MHz Cat-M2 devices, and normal LTE devices in a cell, it is appropriate for the cell to transmit multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths. Note that this does not preclude the cell from transmitting a NPRS time-frequency configuration for NB-IoT devices. 

Proposal 6: RAN1 confirms that 
· One cell can transmit multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths.
· 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.
Parallel reception
FeMTC devices are of lower complexity compared to normal LTE devices. If the network configures PRS subframes in non-BL/CE (“invalid”) subframes during which ongoing MPDCCH/PDSCH reception (if exists) is suspended, FeMTC UE may measure RSTD and does not need to receive MPDCCH/PDSCH in the meantime. It is proposed that RAN1 discusses if this is a feasible case. If it is feasible, RAN1 may further consider discussing whether there is a need to introduce a corresponding UE capability or not.

Proposal 7: RAN1 clarifies if it is feasible for FeMTC devices to receive PRS in non-BL/CE (“invalid”) subframes during which ongoing MPDCCH/PDSCH reception (if exists) is suspended.
· If it is considered feasible, RAN1 further clarifies whether there is a need to introduce a corresponding UE capability or not.

Decreasing PRS frequency reuse factor
The PRS design has a fixed frequency reuse of 6 which is adequate when a FeMTC UE is measuring RSTDs in a dense deployment. However, while considering sparsely deployed scenarios or deeply indoor situations where the UE is only capable of hearing few number of cells, the frequency reuse of 6 is an inefficient resource usage of PRS. Also, the frequency reuse factor might need to be lowered in order for the UE to detect a weak TP. The support of lowering the PRS frequency reuse factor is possible with the Rel.14 introduction of prsID and the TP-ID element in LPP.
Since the OTDOA-NeighbourCellInfoElement/OTDOA-ReferenceCellInfo in LPP is a sequence of elements containing PRS-info, it is possible to use two or more elements with same TP-ID but with different prs-IDs in the PRS-Info element. For example, assume that a neighboring TP with ID 0 should be assigned with prs-IDs = {0,1} (frequency reuse factor 3). One element in the OTDOA-NeighbourCellInfoElement comprises tpID-r14=0, prs-iD-r14=0, and another element in OTDOA-NeighbourCellInfoElement contains tpID-r14=0, prs-iD-r14=1. Similar to supporting multiple PRS bandwidths per TP, the UE should be aware that it is possible with multiple prs-IDs per TP in order to coherently combine the two signals when forming RSTDs.
Proposal 8: A UE should be aware that multiple PRS-configurations with different prs-IDs can occur for one TP ID.
Using existing signaling, enabling lower frequency reuse factor creates an unnecessary large overhead in the signaling since most elements for one TP-ID is similar, and the typical difference when decreasing the frequency reuse factor is the prs-ID. In order to reduce the overhead in terms of signaling, it is beneficial to only include the set of prs-IDs for a TP OTDOA-NeighbourCellInfoElement. One straightforward approach can be to introduce an element extraPRSIDList to have an efficient method of introducing multiple PRS IDs. 
Proposal 9: Add an extraPrsIDList element in order to reduce the signaling when decreasing the frequency reuse factor.
Conclusions
In this contribution, we have discussed the remaining issues of OTDOA enhancements for FeMTC. and made the following proposals.
Proposal 1: RAN1 does not introduce an optional finer muting pattern in OTDOA enhancements for FeMTC in Release 14.
Proposal 2: PRS frequency hopping interval is one PRS occasion. 
Proposal 3: PRS frequency hopping is only supported for PRS with bandwidth of 6 PRBs. 
Proposal 4: The starting subframe of PRS frequency hopping is the first PRS subframe in each legacy PRS period.
Proposal 5: RAN1 agrees that when frequency hopping is enabled, the UE can assume that the same precoder is used within one frequency hopping interval.

Proposal 6: RAN1 confirms that 
· One cell can transmit multiple PRS time-frequency configurations with possibly up to 3 different PRS bandwidths.
· 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.
Proposal 7: RAN1 clarifies if it is feasible for FeMTC devices to receive PRS in non-BL/CE (“invalid”) subframes during which ongoing MPDCCH/PDSCH reception (if exists) is suspended.
· If it is considered feasible, RAN1 further clarifies whether there is a need to introduce a corresponding UE capability or not.

Proposal 8: A UE should be aware that multiple PRS-configurations with different prs-IDs can occur for one TP ID.
Proposal 9: Add an extraPrsIDList element in order to reduce the signaling when decreasing the frequency reuse factor.
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