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1 Introduction
In RAN1#86bis, there are some agreements on narrowband OTDOA positioning as following [1]:
Agreements:

· Introduce a new positioning reference signal for OTDOA in NB-IoT

· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.

· The subframes which contain NPRS are configured by higher-layers

· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of:

· NPDCCH

· NPDSCH

· NPBCH

· NPSS/NSSS
· Configuration of time resources for NPRS

· Indication of exact subframes is by

· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes)

· Alt. 4.A1: Bitmap is a fixed length of 10 bits

· Alt. 4.A2: Bitmap is a the same length as valid subframe configuration, i.e. 10 bits or 40 bits

· Alt. 4.A3: Bitmap is a fixed length of x bits (e.g., x = 20)

· FFS which until RAN1#87

· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions 

· On an anchor carrier, Part A and/or Part B

· On a non-anchor carrier, Part A and/or Part B

· Indication of NPRS muting patterns is

· Alt. 2: Indicated with a periodic NPRS muting sequence

· Details are FFS
In this paper, NPRS configuration and RSTD measurement gap is discussed. A complete NPRS configuration should include a bitmap for indication of NPRS subframe within a NPRS occasion, NPRS periodicity, NPRS starting frame, and repetition number of NPRS occasion within a NPRS period. In addition, a measurement gap similar to legacy inter-frequency RSTD measurement gap should be introduced for serving cell and intra-frequency neighboring cell RSTD measurement considering a NB-IOT UE may not be able to support simultaneous RSTD measurement and data reception.
2 Discussion
2.1 NPRS configuration
As agreed in last meeting, NPRS subframe should avoid NPSS/NSSS, NPBCH, NPDCCH, NPDSCH subframe. And, NPRS subframe should avoid valid NB-IOT DL subframe considering backward-compatibility of Rel-13 NB-IOT UE. These constraints cause a small number of potential subframes to be configurable as NPRS subframe. Thus, consecutive NPRS subframe configuration within a NPRS occasion is very difficult. Therefore, it is reasonable to use a bitmap for indication of NPRS subframe within a NPRS occasion, and the bitmap should have the same length as valid subframe configuration, e.g.10 bits or 40 bits. Same as legacy PRS configuration, periodicity and starting time resource are also required. One difference may be that legacy starting subframe should be changed to starting frame to match a bitmap indication for NPRS subframe within a NPRS occasion. In addition, repetition number of NPRS occasion within a NPRS period should be configured, and the value depends on the maximum coverage level supported by eNB. Within a NPRS period, the multiple NPRS occasions can be either consecutive or uniformly distributed.
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Figure 1. Illustration of NPRS configuration 

Based on above discussion, a complete NPRS configuration should include NPRS periodicity, NPRS starting frame, repetition number of NPRS occasion within a NPRS period, and a bitmap for indication of NPRS subframe within a NPRS occasion, as illustrated in Figure 1. And, the NPRS configuration should be used for both anchor carrier and non-anchor carrier.
Proposal #1: A complete NPRS configuration includes NPRS periodicity, NPRS starting frame, repetition number of NPRS occasion within a NPRS period, and a bitmap for indication of NPRS subframe within a NPRS occasion.
2.2 RSTD measurement gap
Serving cell RSTD measurement
As discussed in above section, it is difficult to allocate consecutive NPRS subframes for a NPRS occasion, and there may be valid NB-IOT DL subframe within a NPRS occasion. Thus, one problem is whether UE needs to monitor/receive possible NPDCCH/NPDSCH transmission in the valid NB-IOT DL subframe within a NPRS occasion when RSTD measurement is being performed. Considering buffer sharing and/or limitation of computation ability to achieve low cost/complexity, an OTDOA-capable NB-IOT UE may not be able to support simultaneous RSTD measurement and data reception. In order to keep the characteristic of low cost/complexity for NB-IOT UE, we propose a Rel-14 NB-IOT is not required to support simultaneous RSTD measurement and data reception.

Proposal #2: A Rel-14 NB-IOT UE is not required to support simultaneous RSTD measurement and data reception considering low UE cost/complexity.

Considering OTDOA positioning protocol exchanged between UE and location server (e.g. E-SMLC) is transparent to eNB, some mechanisms needs to ensure eNB won’t transmit any DL when UE performing RSTD measurement. A simple method is to introduce a measurement gap similar to existing inter-frequency RSTD measurement gap wherein no other signal transmission/reception is expected. The mechanism/procedure of legacy inter-frequency RSTD measurement gap can be directly reused.  For example, UE can request a measurement gap when serving cell RSTD measurement needs to be performed. in addition, the requested measurement gap length may be related to the UE coverage level.
If NPRS frequency hopping on multiple PRBs is supported to improve RSTD measurement accuracy, carrier switching subframe may collide with valid NB-IOT DL subframe of serving carrier. In addition, it may be possible that NPRS subframe of non-serving carrier collides with valid NB-IOT DL subframe of serving PRB. In this case, simultaneous RSTD measurement and data reception cannot be supported because some subframe needs to be dropped when collision occurs, e.g. dropping either NPRS subframe or valid NB-IOT DL subframe. From the perspective of supporting NPRS frequency hopping, measurement gap is also required for serving cell RSTD measurement.
Proposal #3: Introduce a measurement gap for serving cell RSTD measurement.

Neighboring cell RSTD measurement
In the technology of OTDOA positioning, neighboring cell RSTD measurement is necessary since arrival time measurement needs to be performed on at least three different cells to derive UE location. For intra-frequency neighboring cell RSTD measurement, carrier switching may be required considering the PRB index used for neighboring cell RSTD measurement is different from the PRB index used for data transmission on serving cell in in-band scenario. Thus, data reception on serving cell cannot be continued when performing neighboring cell RSTD measurement. The case is similar to existing inter-frequency RSTD measurement. Therefore, a measurement gap needs be introduced for the case of intra-frequency neighboring cell RSTD measurement.

Proposal #4: Introduce a measurement gap for intra-frequency neighboring cell RSTD measurement with a PRB index different from serving PRB. 

If the PRB index used for neighboring cell RSTD measurement is same as serving PRB, carrier switching is not required. However, there still is an issue on simultaneous RSTD measurement and data reception, which is discussed above for serving cell RSTD measurement. Similarly, a measurement gap needs be introduced for the case of intra-frequency neighboring cell RSTD measurement.
Proposal #5: Introduce a measurement gap for intra-frequency neighboring cell RSTD measurement with a PRB index same as serving PRB. 

3 Conclusion

In this paper, we discussed NPRS configuration and RSTD measurement gap. Based on the discussion, we have following proposals: 
Proposal #1: A complete NPRS configuration includes NPRS periodicity, starting frame, repetition number of NPRS occasion within a NPRS period, and a bitmap for indication of exact NPRS subframe within a NPRS occasion.

Proposal #2: A Rel-14 NB-IOT UE is not required to support simultaneous RSTD measurement and data reception considering low UE cost/complexity.

Proposal #3: Introduce a measurement gap for serving cell RSTD measurement.

Proposal #4: Introduce a measurement gap for intra-frequency neighboring cell RSTD measurement with a PRB index different from serving PRB. 

Proposal #5: Introduce a measurement gap for intra-frequency neighboring cell RSTD measurement with a PRB index same as serving PRB. 
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