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[bookmark: _Ref409106980]Introduction
One of the objectives of the REL-14 NB-IoT enhancements work item is to improve the positioning support based on OTDOA [1]. In RAN1#87, many agreements on narrowband positioning reference signals (NPRS) configurations have been achieved. It is however still not clear how to determine the neighbour cell NPRS position, which we discuss in this contribution. For ease of reference, the agreements pertinent to the discussions in this contribution are quoted below.
· 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.
· 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 = , 
Discussion
Neighbor Cell PRS Position Determination in LTE 
In the existing LPP for LTE OTDOA, if the reference cell is the serving cell, the PRS position of the reference cell can be determined with the known SFN of the serving cell. If the reference cell is not the serving cell
the PRS position information of the reference cell is explicitly signaled. In contrast, the SFNs of neighbour cells are not signaled, and thus the content of the prsInfo field of a neighbour cell alone is not sufficient to determine the PRS position of the neighbour cell. Instead, the following rule is specified in TS36.355 [2] together with the prsInfo field to enable the determination of the PRS position of the neighbour cells.

“This field specifies the PRS configuration of the neighbour cell.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target device may assume that each PRS positioning occasion in the neighbour cell at least partially overlaps with a PRS positioning occasion in the assistance data reference cell where the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe.
When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target may assume that this cell has the same PRS periodicity (Tprs) as the assistance data reference cell.”
With the above rule, UE can determine the PRS position of the neighbour cells on the same carrier frequency layer as the reference cell. This is illustrated in Figure 1.
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[bookmark: _Ref471288413]Figure 1: Neighbour cell PRS position determination in intra-frequency scenario:  1 and  2 denote the PRS subframe offset of the reference cell and of the neighbour cell, respectively.
If the reference cell and a neighbor cell are on different frequency layers, an additional field prs-SubframeOffset, INTEGER (0..1279), that specifies the offset between the first PRS subframe in reference cell and the first PRS subframe in the closest subsequent PRS positioning occasion of the neighbour cell, may be provided. This is illustrated in Figure 2. If the field is not present but PRS are available on the neighbour cell, the UE shall consider the PRS subframe offset for this neighbour cell to be 0.
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[bookmark: _Ref471288695]Figure 2: Neighbour cell PRS position determination in intra-frequency scenario:  1 and  2 denote the PRS subframe offset of the reference cell and of the neighbour cell, respectively.
From the above description, it is clear that the PRS positions of the neighbour cells can be derived without the knowledge of neighbour cells’ SFNs. In particular, arbitray SFN and/or slot offsets are possible across different cells. This is important for cell planning and network optimization; for example, neighbouring cells may have SFN and/or slot offsets to avoid persistent interference of PSS, SSS, PBCH, etc.
Observation 1: In the existing LPP for LTE OTDOA, the PRS positions of the neighbour cells can be derived without the knowledge of neighbour cells’ SFNs.
Observation 2: The existing LPP for LTE OTDOA does not limit the potential of SFN and/or slot planning for LTE cells.
NPRS indicated with Part A
For NPRS position indicated with Part A, a bitmap of the same length as valid subframe configuration, i.e. 10 bits or 40 bits, is used to indicate the subframes used for NPRS in one NPRS occasion. However, it is yet to decide on how to determine the NPRS occasion positions of the neighbour cells. 
If the reference cell and a neighbor cell are on the same carrier frequency layer, a similar rule as the existing LTE LPP might be used, i.e., each NPRS positioning occasion in the neighbour cell at least partially overlaps with a NPRS positioning occasion in the reference cell where the maximum offset may be assumed to not exceed half a subframe. The disavantage of this approach is that the frame structrues of the cells need to be synchronized, as illustrated in Figure 3. This imposes a significant limit on the SFN and/or slot planning for NB-IoT cells.
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[bookmark: _Ref471295055]Figure 3: NPRS indicated with Part A: Assuming overlapping NPRS positioning occassions across cells by default limits the SFN and/or slot planning for NB-IoT cells
To avoid limiting the potential of SFN and/or slot planning for NB-IoT cells, one obvious method is to explicitly signal the offset between the first NPRS occasion in reference cell and the closest subsequent NPRS positioning occasion of the neighbour cell, as illustrated in Figure 4.
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[bookmark: _Ref471299983]Figure 4: Neighbour cell NPRS position determination with nprs-OccasionOffset
If the reference cell and a neighbor cell are on different carrier frequency layers, to determine the NPRS occasion positions of the neighbour cells, it is also necessary to signal the offset between the NPRS occasion in reference cell and the closest subsequent NPRS positioning occasion of the neighbour cell.
Proposal 1: When NPRS is indicated only with Part A, to determine the NPRS occasion positions of the neighbour cells, nprs-OccasionOffset, which specifies the offset between the NPRS occasion in reference cell and the closest subsequent NPRS positioning occasion of the neighbour cell, may be optionally included as part of neighbour cell information.
· nprs-OccasionOffset: INTEGER (0..39) subframes

Proposal 2: When NPRS is indicated only with Part A, if the nprs-OccasionOffset field is not present but NPRS is available on this neighbour cell, UE shall consider the NPRS occasion offset for this neighbour cell to be 0.
NPRS indicated with Part B
For NPRS position indicated with Part B, the indication scheme is similar to that of LTE PRS. However, it is yet to decide on how to determine the NPRS occasion positions of the neighbour cells. 

If the reference cell and a neighbor cell are on the same carrier frequency layer, it is tempting to reuse the rule in the existing LTE LPP: Each NPRS positioning occasion in the neighbour cell at least partially overlaps with a NPRS positioning occasion in the reference cell where the maximum offset may be assumed to not exceed half a subframe. However, it should be noted that for a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = , . In contrast, the starting subframe offset of LTE PRS takes values at the granularity of one subframe, i.e., it can be 0, 1, …, or TPRS-1 subframes. Due to the restriction of the starting subframe offset of NPRS, the frame structrues of the cells also need to be synchronized. Specifically, the positioning reference signal instances, for the first subframe of the downlink subframes, shall satisfy , where  is radio frame index and  is slot index.  Since the smallest value of  is 160 subframes, the PRS subframe offset  is a multiple of 20 subframes. This requires the radio frame boundaries of reference cell and neighbor cell to be aligned, i.e., arbitrary subframe and/or slot offset is not possible. This imposes a significant limit on the SFN and/or slot planning for NB-IoT cells. An illustration of this limitation is given in Figure 5. 
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[bookmark: _Ref473799590][bookmark: _GoBack]Figure 5: An illustration of NPRS Part B indication requiring aligned frame boundary: NPRS period  subframes; PRS subframe offset of the reference cell  subframes; PRS subframe offset of the neighbour cell  subframes.Proposal 3: When NPRS is indicated only with Part B, to determine the NPRS occasion positions of the neighbour cells, nprs-SubframeOffset, which specifies the offset between the first PRS subframe in reference cell and the first PRS subframe in the closest subsequent PRS positioning occasion of the neighbour cell, may be optionally included as part of neighbour cell information.
· nprs-SubframeOffset: INTEGER (0…1279) subframes
· nprs-SubframeOffset is used both when the reference cell and a neighbor cell are on the different frequency layers and when the reference cell and a neighbor cell are on the same frequency layer.

Proposal 4: When NPRS is indicated only with Part B, if the nprs-SubframeOffset field is not present but NPRS is available on this neighbour cell, UE shall consider the NPRS subframe offset for this neighbour cell to be 0.
NPRS indicated with Part A and Part B
When both Part A and Part B are used to configure NPRS, a subframe contains NPRS if both parts of the configuration indicate that the subframe contains NPRS. Accordingly, nprs-OccasionOffset may be associated with Part A and nprs-SubframeOffset may be associated with Part B. These two parameters together determine the real offset between NPRS transmission of reference cell and NPRS transmission of neighbor cell. This is illustrated in Figure 6.
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[bookmark: _Ref473552128]Figure 6: Neighbour cell NPRS position determination with nprs-OccasionOffset and nprs-SubframeOffset
Conclusions
In this contribution, we have discussed about how to determine the neighbour cell NPRS position and made the following observations.
Observation 1: In the existing LPP for LTE OTDOA, the PRS positions of the neighbour cells can be derived without the knowledge of neighbour cells’ SFNs.
Observation 2: The existing LPP for LTE OTDOA does not limit the potential of SFN and/or slot planning for LTE cells.
Based on the analysis and observations, we make the following proposals. 
Proposal 1: When NPRS is indicated only with Part A, to determine the NPRS occasion positions of the neighbour cells, nprs-OccasionOffset, which specifies the offset between the NPRS occasion in reference cell and the closest subsequent NPRS positioning occasion of the neighbour cell, may be optionally included as part of neighbour cell information.
· nprs-OccasionOffset: INTEGER (0..39) subframes
Proposal 2: When NPRS is indicated only with Part A, if the nprs-OccasionOffset field is not present but NPRS is available on this neighbour cell, UE shall consider the NPRS occasion offset for this neighbour cell to be 0.
Proposal 3: When NPRS is indicated only with Part B, to determine the NPRS occasion positions of the neighbour cells, nprs-SubframeOffset, which specifies the offset between the first PRS subframe in reference cell and the first PRS subframe in the closest subsequent PRS positioning occasion of the neighbour cell, may be optionally included as part of neighbour cell information.
· nprs-SubframeOffset: INTEGER (0…1279) subframes
· nprs-SubframeOffset is used both when the reference cell and a neighbor cell are on the different frequency layers and when the reference cell and a neighbor cell are on the same frequency layer.
Proposal 4: When NPRS is indicated only with Part B, if the nprs-SubframeOffset field is not present but NPRS is available on this neighbour cell, UE shall consider the NPRS subframe offset for this neighbour cell to be 0.
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