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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, the following has been agreed.
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
· Strive for the possibility for the legacy PRS REs to overlap with the Rel-14 PRS REs
· Rel-14 PRS configuration includes
· All legacy parameters, i.e., bandwidth, periodicity, subframe offset, number of consecutive subframes, etc.
· FFS transmission in invalid subframes
· Sets of values of the parameters are FFS
· Determination of frequency location remains FFS
· Details of Rel-14 PRS configuration parameter settings are FFS
· Details of Rel-14 PRS muting pattern are FFS
· FFS how many Rel-14 PRS configurations are needed per cell
· FFS how many Rel-14 PRS configurations are needed per UE
· RSTD measurement of PRS in different sets of PRBs in the frequency domain is supported
· FFS details
Agreement:
· Frequency hopping of PRS in OTDOA is supported.
· Configurations and details are FFS

In this contribution, we discuss PRS frequency location determination for FeMTC.
Discussion
General principles
In existing LTE PRS design, PRS sequence is mapped to the center of LTE carrier with configurable bandwidth up to 20 MHz, and there is no frequency hopping. PRS frequency hopping can provide frequency diversity, which may be beneficial for Reference Signal Time Difference (RSTD) measurement in OTDOA for BL FeMTC UE. However, if not designed carefully, PRS frequency hopping may fragment radio resource, making eNB scheduling more difficult. 
For Rel-13 BL/CE UE, frequency hopping is supported for all channels except PSS/SSS/PBCH (which are always in the central 6 PRBs). However, in Rel-13, it is in general up to the network (eNB) whether to actually enable frequency hopping for the channels that support frequency hopping. The only exceptions are SIB1-BR and PUCCH – for these two channels frequency hopping is always enabled. Following the convention of frequency hopping design for Rel-13 BL/CE UE, we prefer to leave it up to the network (eNB) whether to actually enable PRS frequency hopping and thus make the following proposal.
Proposal 1: Frequency hopping of PRS in FeMTC OTDOA is configurable by eNB.

As proposed above, frequency hopping of PRS in FeMTC OTDOA is configurable by eNB. Then we need to decide the frequency position of PRS for FeMTC UE if frequency hopping is deactivated. Since LTE PRS sequence is always mapped to the center of LTE carrier with configurable bandwidth up to 20 MHz, to maximize the synergies of PRS for regular LTE UE, PRS for 5 MHz BL FeMTC UE, and PRS for 1.4 MHz BL FeMTC UE, it is natural to also fix the positions of 5 MHz (25 PRBs) PRS and 1.4 MHz (6 PRBs) PRS to the center of LTE carrier. This synergy can lead to improved radio resource utilization efficiency. 
Proposal 2: If frequency hopping of PRS in FeMTC OTDOA is deactivated by eNB, the PRS transmissions for FeMTC are fixed to the center of LTE carrier, regardless of the PRS bandwidth.

In LTE, under a configuration of 5 MHz PRS with 160 ms periodicity and 2 consecutive subframes in each period, UE can meet the legacy RSTD measurement requirements [3]. It should be noted that cost reduction techniques (e.g., single receive RF chain) have been applied to MTC UEs. Therefore, with 5 MHz PRS, compared to regular LTE UE, FeMTC UE may need to measure RSTD over more than 2 consecutive PRS subframes to meet the legacy RSTD measurement requirements [3]. It is also expected that other types of BL MTC UEs (Rel-13 BL UE and 1.4 MHz FeMTC UE) would need more PRS subframes than regular LTE UE to meet the same RSTD measurement requirements under the same configured PRS bandwidth.
Observation 1: The 5-MHz BL UE will be able to have sufficient positioning performance using one of the existing PRS configurations, and new PRS configurations are only expected to be needed for 1.4-MHz BL UE.
Proposal 3: If the same RSTD measurement requirements defined for regular LTE UE are expected to be met by FeMTC UE, FeMTC UE should be allowed to use more PRS subframes for RSTD measurements.

PRS frequency hopping
As mentioned above, under a configuration of 5 MHz PRS with 160 ms periodicity and 2 consecutive subframes in each period, LTE UE can meet the legacy RSTD measurement requirements [3]. 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. For FeMTC UE that is only capable of receiving 1.4 MHz bandwidth signal, frequency hopping of 1.4 MHz PRS can be beneficial for improving RSTD measurement accuracy. 
To facilitate the design of frequency hopping of 1.4 MHz PRS, it is desirable to follow Rel-13 by defining the positions of 1.4 MHz narrowbands that may vary depending on the LTE carrier bandwidth. One option is to reuse the narrowband definitions in Rel-13 for the design of frequency hopping of 1.4 MHz PRS. Figure 1 illustrates the narrowband definitions in Rel-13 under 5 MHz carrier that are reused for frequency hopping of 1.4 MHz PRS. In the center 25 PRBs, there exist up to 4 narrowbands for the frequency hopping of 1.4 MHz PRS. 
Proposal 4: Reuse narrowbands defined in Rel-13 for the design of frequency hopping of 1.4 MHz PRS for FeMTC.
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[bookmark: _Ref465329927]Figure 1: Reuse Rel-13 arrangement of narrowbands for frequency hopping of 1.4 MHz PRS 

Regarding the specific hopping pattern for frequency hopping of 1.4 MHz PRS, we prefer to have a simple hopping pattern that is compatible with existing frequency hopping designs in eMTC. The hopping pattern may consist of the following components.
· Each cell may configure a subset of PRS narrowbands from the set of available PRS narrowbands.
· The hopping pattern starts in every radio frame fulfilling (SFN – PRS subframe offset) mod X = 0, where X may equal 16 that matches the current minimum PRS period of 160 ms. Alternatively, the hopping pattern starts in every radio frame fulfilling SFN mod 8 = 0 to align with the hopping pattern of Rel-13 BL/CE UE.  
· The PRS frequency hopping interval is configurable and may take the value in e.g. {1, 2, 4, 8} in FDD and {1, 5, 10, 20} in TDD. These values are supported for other channels by Rel-13 BL/CE UE.
· The first narrowband index in the pattern can be configured by eNB.
· The transmission cycles through the other configured PRS narrowbands.
Note that we prefer to leave it to eNB to configure the first narrowband index, instead of making it dependent on e.g., the physical layer cell identity. This is because to fully take advantage of existing LTE PRS design features such as the reuse 6 resource element mapping pattern and PRS time muting, it may be beneficial to have the same frequency hopping of PRS across several cells, e.g., cells in the same reuse 6 cluster. Making the frequency hopping of PRS dependent on physical layer cell identity makes such coordination difficult. Therefore, to facilitate PRS planning, it is beneficial for eNB to have flexible configuration capability on the frequency hopping of PRS.
Proposal 5: The design of frequency hopping of 1.4 MHz PRS is as follows.
· A set of 1.4 MHz narrowbands is configured for PRS frequency hopping.
· The hopping pattern starts in every radio frame fulfilling 
· Option A: (SFN – PRS subframe offset) mod X = 0, where X = 16
· Option B: SFN mod 8 = 0
· The PRS frequency hopping interval is configurable from the set 
· {1, 2, 4, 8} in FDD 
· {1, 5, 10, 20} in TDD
· The first narrowband index in the frequency hopping pattern can be configured.
· The transmission cycles through the other configured 1.4 MHz bands.

If frequency hopping is also needed for 5-MHz PRS, there is a question whether there is a need to revisit the Rel-13 narrowband definition and perhaps consider introducing a ‘wideband’ definition. To our understanding the current narrowband definition still makes sense, as explained in [4]. In particular, in order to facilitate multiplexing with Rel-13 BL/CE UEs, the Rel-13 frequency hopping scheme should be used as a basis. To this end, we could also reuse the current narrowband definition for the design of frequency hopping for 5-MHz PRS. As an example, each cell may configure two narrowbands: the position of each narrowband is treated as the starting position of a ‘wideband’ PRS of 5 MHz, and the offset of these two narrowbands is the frequency hopping offset of the PRS of 5 MHz. 
The PRS of 5 MHz channel bandwidth will now sometimes not fall within a single 6-PRB narrowband, something needs to be specified in order to avoid that the channel bandwidth falls outside the LTE system bandwidth. One possibility is to simply disable the hopping for those combinations of frequency hopping configurations that would result in a PRS channel hopping outside the system bandwidth.
Proposal 6: Frequency hopping for 5 MHz PRS follows the same configuration parameters as frequency hopping for 1.4 MHz PRS. 
Proposal 7: If a frequency hopping configuration would result in (part of) the PRS channel bandwidth falling outside the LTE system bandwidth, frequency hopping is automatically disabled for this configuration.

Figure 2 shows an example PRS configuration. In each PRS period, 1 SF of 50 PRBs is configured for LTE PRS, 2 SFs of 25 PRBs without frequency hopping are configured for 5 MHz BL FeMTC UE, and 4 SFs of 6 PRBs with frequency hopping are configured for 1.4 MHz BL FeMTC UE. The frequency hopping of 1.4 MHz PRS is based on the narrowbands defined in Rel.-13 shown in Figure 1.
 [image: ]
[bookmark: _Ref465340141]Figure 2: An example PRS configuration: 10 MHz LTE PRS, 5 MHz PRS without frequency hopping, and 1.4 MHz PRS with frequency hopping in two narrowbands.

Conclusions
In this contribution, we have discussed PRS frequency location determination for FeMTC and made the following observation.
Observation 1: The 5-MHz BL UE will be able to have sufficient positioning performance using one of the existing PRS configurations, and new PRS configurations are only expected to be needed for 1.4-MHz BL UE.

We have the following proposals.
Proposal 1: Frequency hopping of PRS in FeMTC OTDOA is configurable by eNB.
Proposal 2: If frequency hopping of PRS in FeMTC OTDOA is deactivated by eNB, the PRS transmissions for FeMTC are fixed to the center of LTE carrier, regardless of the PRS bandwidth.
Proposal 3: If the same RSTD measurement requirements defined for regular LTE UE are expected to be met by FeMTC UE, FeMTC UE should be allowed to use more PRS subframes for RSTD measurements.
Proposal 4: Reuse narrowbands defined in Rel-13 for the design of frequency hopping of 1.4 MHz PRS for FeMTC.
Proposal 5: The design of frequency hopping of 1.4 MHz PRS is as follows.
· A set of 1.4 MHz narrowbands is configured for PRS frequency hopping.
· The hopping pattern starts in every radio frame fulfilling 
· Option A: (SFN – PRS subframe offset) mod X = 0, where X = 16
· Option B: SFN mod 8 = 0
· The PRS frequency hopping interval is configurable from the set 
· {1, 2, 4, 8} in FDD 
· {1, 5, 10, 20} in TDD
· The first narrowband index in the frequency hopping pattern can be configured.
· The transmission cycles through the other configured 1.4 MHz bands.
Proposal 6: Frequency hopping for 5 MHz PRS follows the same configuration parameters as frequency hopping for 1.4 MHz PRS. 
Proposal 7: If a frequency hopping configuration would result in (part of) the PRS channel bandwidth falling outside the LTE system bandwidth, frequency hopping is automatically disabled for this configuration.
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