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1. Introduction 
In the previous RAN1 #87 meeting, the following items were agreed [1]:

Agreement:

· NPRS is configured per NB-IoT carrier transmitting NPRS

· Each NB-IoT carrier can have different configuration parameter

· Part A:A bitmap for NPRS subframe indication in one NPRS occasion

· bitmap length is the same as valid subframe configuration, i.e. 10 bits or 40 bits

· Subframes not containing NPRS are indicated with ‘0’

· Subframes containing NPRS are indicated with ‘1’

· Signalling is provided for the UE to indicate its capability of  maximal bandwidth for RSTD measurement for OTDOA positioning to the E-SMLC in LPP

· An NB-IoT UE can receive assistance information regarding LTE PRS.

· This includes additional PRS configurations introduced in Rel-14 Indoor Positioning and FeMTC work items (if any).

· UE is not required to receive any reference signal not within the bandwidth of one NB-IoT carrier containing NPRS at a time.

This contribution provides our view on OTDOA for NB-IoT by considering the availability of multiple PRBs transmission to support NPRS with frequency hopping operation.

2. Discussion
Multiple PRBs operation in NB-IoT has been approved in LTE rel.13. Accordingly, the NB-IoT UE implementation complexity has taken into account this operation. Here, we consider to further extend of multiple PRBs operation to support NB-IoT OTDOA positioning with reasonable UE complexity. The main motivation of transmitting PRS with frequency hopping is to provide frequency diversity and thus, the positioning performance can be improved. Another motivation is to distribute NPRS to multiple PRBs so that the NPRS is not dominantly in one carrier (e.g. anchor carrier).

In the previous meeting, it has been agreed that NPRS is configured per NB-IoT carrier transmitting NPRS. If the network can support multiple PRBs operation then, the configuration of NPRS per NB-IoT carrier should be configured so that the UE can receive the transmitted NPRS in different/various PRBs depending on the NPRS configuration. Transmitting NPRS in different/various PRBs will allow the UE to perform frequency hopping operation.
Proposal 1: Support frequency hopping operation of NPRS transmission in multiple PRBs.
An illustration of NPRS transmission in multiple PRBs is shown in Figure 1. The NPRS is transmitted in multiple PRBs but there is only one PRS transmission (within one PRB) at a time. Thus, the UE is not required to receive any reference signal not within the bandwidth of one NB-IoT carrier containing NPRS at a time. In order to simplify the NPRS configuration in each PRB, the frequency hopping granularity can be with the length of M NPRS bitmap (40 bits), where M is equal or greater than 1. The illustration in Figure 1 where the frequency hopping granularity M=1 is aligned with the proposal described in [2].
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Figure 1: Illustration of NPRS with Multiple PRBs configuration
The NPRS can occupy any combinations of NB-IoT anchor and non-anchor carriers. The NPRS configuration in each NB-IoT carrier in multiple eNB is pre-configured and informed to the UE as part of NPRS configuration info. This is still following legacy procedure where the location server (LS) sends OTDOA assistance data (including NPRS configuration info) to the UE.
Proposal 2: The frequency hopping pattern is pre-configured and informed to the UE. 

3. Conclusion

In this contribution we discuss the frequency hopping operation of NPRS transmission in multiple PRBs and we have obtained the following proposals:
Proposal 1: Support frequency hopping operation of NPRS transmission in multiple PRBs.

Proposal 2: The frequency hopping pattern is pre-configured and informed to the UE. 
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