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1. Introduction

For NPRS configuration, RAN1 has achieved much progress on narrow band PRS (NPRS) design in terms of various aspects (e.g. NPRS pattern, NPRS subframe configuration, NPRS sequence, NPRS muting, etc.) in last RAN1 meetings [1]. In this contribution, we discuss about additional NPRS configuration for better RSTD performance in in-band mode, and provide our view and proposals on the NPRS configuration. Following agreement is achieved for the NPRS configurations from RAN1#87.
Agreements:

· 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.

· RAN4 are requested to set requirements for NB-IoT positioning assuming UE uses only NPRS within one carrier.

· Additionally, or alternatively, an NB-IoT UE can receive assistance information regarding 1-PRB NPRS

· For Part-B NB-IoT specific assistance information:

· Number of subframes of NPRS in one occasion is NPRS {10, 20, 40, 80, 160, 320, 640, 1280} 

· Periodicity of NPRS occasion TPRS: 160ms, 320ms, 640ms, 1280ms.

· Valid configurations are those satisfying NPRS <= TPRS
· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = [image: image2.png]aTpPRS
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2. Discussion
2.1. Antenna port association between NPRS and LTE PRS 
In last RAN1 meeting, it was agreed that a NB-IoT UE can receive assistance information regarding LTE PRS in order to utilize LTE PRS for the positioning measurement in in-band scenario. It would provide NB-IoT UEs with additional opportunity to perform the positioning measurement on top of that from NPRS. In addition to that, we would propose that the antenna ports between NB-PRS and LTE PRS and/or NB-PRS and CRS can be associated with a same antenna port for better positioning measurement in NB-IoT when a NB-IoT UE receive the assistance information via higher layer signaling regarding the antenna port association.
In Rel-13 NB-IoT, there has been a linkage between NRS antenna ports and CRS antenna ports by a network signaling to provide better channel estimation by using both NRS and CRS in in-band mode, if same PCID is indicated by NPBCH. Similarly, as proposed it can be configured via higher layer signaling that the antenna ports between NPRS and LTE PRS are associated with same antenna port(s) for better positioning measurement in NB-IoT. If not configured, then independent antenna ports between NPRS and LTE PRS shall be assumed in the UEs. 
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Figure 1: NPRS and LTE PRS occasions in in-band mode

Depending on the network configurations, NB-PRS and LTE PRS occasions can be interleaved (TDM) or overlapped (partly/fully) in in-band scenario. If the network wants to configure for example the NB-PRS and LTE PRS overlapped in both time and frequency resources in order to provide less NPRS overhead from network perspective, flexible LTE/NB-IoT PRS subframe configuration and etc., the Rel-14 NB-IoT UEs with the assistance signaling on LTE PRS can receive the LTE PRS in the LTE PRS occasion while the NPRS in the NPRS occasion which is not overlapped with the LTE PRS occasion. With the assistance signaling on the antenna port association, it would be beneficial to improve the RSTD measurement with the coherent combining across LTE PRS occasion and NPRS occasion as seen in Figure 1, if same antenna port between LTE PRS and NPRS is configured to the UE. Moreover, the necessity of this configuration would be further increased especially when configuring the part B or part A and B, which may contain larger number of consecutive NPRS subframes in a NPRS occasion.
Therefore, it would improve the positioning measurement and allow the efficient resource utilizations. Moreover, it should be noted that the overall PRS overhead is not increase in this case. It is just to allow for more efficient PRS resource utilization via the Rel-14 NB-IoT UEs. 
Proposal 1: It should be introduced that antenna port association between NPRS and LTE PRS is allowed via higher layer signalling (e.g. LPP), in order to provide better positioning measurement, less PRS overhead and flexible NPRS/LTE PRS subframe configuration from network perspective.
3. Summary and conclusions

In this contribution, we provided our view on NPRS configuration, i.e. antenna port association between LTE PRS and NPRS for NB-IoT UEs. Based on the discussion, the following proposals are drawn:
Proposal 1: It should be introduced that antenna port association between NPRS and LTE PRS is allowed via higher layer signalling (e.g. LPP), in order to provide better positioning measurement, less PRS overhead and flexible NPRS/LTE PRS subframe configuration from network perspective.
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