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One of the objectives of the REL-14 NB-IoT enhancements work item is to improve the positioning support based on OTDOA [1].
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

In RAN1#86bis, the following have been agreed for narrowband OTDOA positioning configurations.

Agreement:
· 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
Agreement:
· Configuration of time resources for NPRS
· Indication of exact subframes is by
· Alt. 4:	
· 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
Agreement:
· Indication of NPRS muting patterns is
· Alt. 2: Indicated with a periodic NPRS muting sequence
· Details are FFS
In this contribution, we discuss the remaining details of narrowband positioning reference signal (NPRS) configurations. 
Discussion
Time domain configuration of NPRS with Part A and Part B
Time domain configuration of LTE PRS determines the starting subframe offset, periodicity, and number of consecutive subframes for PRS transmissions. For eNB-IoT, it has been agreed that the subframes used for NPRS transmission are configured such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs including NPDCCH/NPDSCH and NPBCH/NPSS/NSSS. This implies that the most appropriate subframes to be used for NPRS transmission are NB-IoT invalid downlink subframes. However, it would be challenging to find enough consecutive invalid downlink subframes for NPRS transmissions to achieve satisfactory positioning accuracy. Therefore, if a LTE PRS-like configuration is used for NPRS transmission, it is beneficial to allow the NPRS subframes in a period of NPRS transmission to be non-consecutive. But they can still be logically “consecutive” in the sense that only invalid subframes are counted for NPRS transmission. 
Figure 1 gives an illustration on how NPRS transmission can be configured in invalid subframes with a similar configuration mechanism as that of existing LTE PRS. In Figure 1, subframe 1 and subframe 2 are indicated invalid in the 10-bit valid subframe bitmap. Similar to LTE PRS, starting subframe offset and periodicity are used to configure NPRS. But the 10 NPRS subframes are not consecutive with absolute subframe counting (but they are consecutive logically by counting only invalid downlink subframes). 
[image: ] 
[bookmark: _Ref465413755]Figure 1: An illustration of configuring NPRS transmission in invalid downlink subframes
The issue with the above approach is that, due to the limited configuration flexibility of valid subframe bitmap, much more radio resources may be reserved than necessary for NPRS transmission. For example, Figure 1 shows that 20% of radio resources are reserved but only 10 invalid subframes out of the total 32 invalid subframes are used for NPRS transmission. Therefore, it will be beneficial if the invalid subframes (that are not used for NPRS transmission) can be reclaimed valid through a new signaling so that the reclaimed subframes can be used for NPDCCH/NPDSCH transmission to non-Rel-13 UE.
To reclaim invalid subframes as valid for non-Rel-13 UE, another bitmap can be introduced. For example, in Figure 1, a 16-bit bitmap may be introduced, with each bit being applied to one radio frame. Network can signal this 16-bit string (1111110000011111) to indicate that the invalid subframes in the corresponding radio frames with bit 1 in the new bitmap can be used for NPDCCH/NPDSCH transmission to non-Rel-13 UE. Note that 16 radio frames indicated in the new 16-bit bitmap are the minimum periodicity of existing LTE PRS.
The above analysis applies to both anchor and non-anchor carriers. The main difference between anchor and non-anchor carriers in this context is that there are no NPSS/NSSS/NPBCH/SIB1-NB subframes on non-anchor carriers that are mainly used to carry NPDCCH/NPDSCH transmission. Since Rel-13 UE does not understand NPRS subframes configured on non-anchor carriers, NPRS subframes should also be configured in the invalid subframes on non-anchor carriers to facilitate backforward compatibility and scheduling.

Proposal 1: RAN1 confirms that NPRS subframes are a subset of invalid NB-IoT downlink subframes on both anchor and non-anchor carriers. 

Proposal 2: On an anchor or non-anchor carrier, configuration of exact subframes for NPRS transmission are indicated by Part A and Part B:
· Part A: A 16-bit bitmap, where each bit is used to indicate whether the invalid subframes in a corresponding radio frame are reclaimed valid for NPDCCH/NPDSCH transmission to non-Rel-13 UE.
· Part B: Indicated with one start subframe, one periodicity, and one number of NPRS subframes per period 

Proposal 3: The subset of invalid NB-IoT downlink subframes configured for NPRS transmission in a PRS period are consecutive logically by counting only invalid subframes.

Before Rel. 14, the PRS period can be chosen from {160, 320, 640, 1280} subframes, and the number of consecutive PRS subframes in a period can be 1, 2, 4, or 6 subframes. However, note that additional PRS configuration parameters have been agreed for PRS-based TBS [3]. In particular, new values for PRS periods are {5, 10, 20, 40, 80} subframes, and the number of consecutive PRS subframes in a period can be an integer between 1 and 160 subframes.
For NPRS transmission, due to the much reduced bandwidth and possibly positioning support for UE in extended coverage, much denser NPRS configuration in time is needed to achieve satisfactory positioning accuracy. Therefore, the existing set of LTE PRS configuration parameters should be enlarged for NPRS. To maximize synergy with PRS-based TBS, new values of configuration parameters for NPRS can be chosen as a subset of the configuration parameters allowed for PRS-based TBS. For example, we can keep NPRS period values the same as LTE PRS but the values for the number of NPRS subframes per period can be chosen from a larger set, e.g. {1, 2, 4, 6, 10, 16, 32, 64, 128} subframes or {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes. 
Alternatively, we could extend the set of NPRS period values to be {10, 20, 40, 80, 160, 320, 640, 1280} subframes and the number of NPRS subframes per period can be 1, 2, 4, 6, and 10 subframes. Note that NPRS period of 10 or 40 subframes match the applicable time interval of valid subframe bitmap of 10 or 40 bits, which may facilitate coordination of valid subframe bitmap indication and NPRS configuration. Still, when network chooses a sparse NPRS configuration (in scenarios where positioning support for extended coverage is not needed), it is beneficial to use Part A (a 16-bit bitmap) to reclaim over-dimensioned invalid subframes and use them for NPDCCH/NPDSCH transmission to non-Rel-13 UE.

Proposal 4: Support denser NPRS configurations in time domain than LTE PRS. 
· Option A: NPRS period is chosen from the set {160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10, 16, 32, 64, 128} subframes, or {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes.
· Option B: NPRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10} subframes.
· Option C: A combination of Option A and Option B, e.g., NPRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10, 16, 32, 64, 128} subframes, or {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes.
Configuration of NPRS transmission on multiple NB-IoT carriers
Anchor carriers carry heavy essential signals for NB-IoT, leaving limited radio resources for NPRS transmission. In contrast, more radio resources may be available on non-anchor carriers for NPRS transmission. Further, by combining NPRS across multiple carriers, UE can improve its RSTD measurement accuracy, leading to better positioning performance. Therefore, it is beneficial to configure NPRS transmission on multiple NB-IoT carriers. To this end, there are two options.
· Option A: NPRS is configured per NB-IoT carrier basis (including the option of not to configure any NPRS per NB-IoT carrier basis). 
· Option B: One NPRS configuration is provided, but NPRS hops over a configured set of carriers following a frequency hopping pattern.
Note that frequency hopping has not been designed in any existing NB-IoT physical channel. If frequency hopping was designed for NPRS alone, radio resources would be fragmented by NPRS frequency hopping, making eNB scheduling more difficult. If significant gains of NPRS frequency hopping exist, it would be better to consider NPRS frequency hopping in a later release where frequency hopping would be designed such that all NB-IoT physical channels and signals are hopped in a compatible way. Further, it is highly desirable that networks can dynamically activate/deactivate inband NB-IoT carriers and reuse them for LTE when there is no NB-IoT data. NPRS frequency hopping would make this dynamic radio resource sharing between NB-IoT and LTE more difficult. Therefore, the option of configuring NPRS per carrier basis is much preferred over NPRS frequency hopping.
Proposal 5: NPRS is configured per NB-IoT carrier basis (including the option of not to configure any PRS per NB-IoT carrier basis).
· NPRS frequency hopping is not supported for eNB-IoT.
NPRS muting
LTE PRS transmission supports time muting, Specifically, to enable better detectability of PRS from a weaker cell that shares the same frequency shift with the PRS from a stronger cell, PRS in the stronger cell may be muted. LTE PRS muting pattern is specified by a bit string of 2, 4, 8, or 16 bits. All the PRS in one PRS occasion are either all ON or all OFF as indicated by the corresponding bit in the bit string. Effectively, this time muting leads to a larger radio reuse (beyond reuse 6 from PRS resource element mapping pattern) in the network, and thus helps mitigate interference at the cost of possibly increased positioning latency. The optimal tradeoff between PRS hearability and positioning latency depends on deployment scenarios, and it is up to the network to decide on how to trade off the two metrics.
For OTDOA in NB-IoT, NPRS muting can also be quite helpful. Our companion contribution [5] shows that a NPRS muting configuration of 2-bit length string pattern provides decent positioning improvement, resulting in a positioning accuracy close to that of an interference-free network. This demonstrates that the legacy LTE PRS muting configuration is sufficient for NB-IoT. Since inband NB-IoT is deployed inside a LTE carrier, reusing LTE PRS muting mechanism may facilitate network planning of OTDOA for NB-IoT and for LTE. 
Proposal 6: Reuse LTE PRS muting mechanism with a bit string of 2, 4, 8, or 16 bits for NB-IoT NPRS muting. 
Conclusions
In this contribution, we have analysed the baseline signals for OTDOA support in NB-IoT. Based on the analysis and observations, we make the following proposals. 
Proposal 1: RAN1 confirms that NPRS subframes are a subset of invalid NB-IoT downlink subframes on both anchor and non-anchor carriers. 

Proposal 2: On an anchor or non-anchor carrier, configuration of exact subframes for NPRS transmission are indicated by Part A and Part B:
· Part A: A 16-bit bitmap, where each bit is used to indicate whether the invalid subframes in a corresponding radio frame are reclaimed valid for NPDCCH/NPDSCH transmission to non-Rel-13 UE.
· Part B: Indicated with one start subframe, one periodicity, and one number of NPRS subframes per period 

Proposal 3: The subset of invalid NB-IoT downlink subframes configured for NPRS transmission in a PRS period are consecutive logically by counting only invalid subframes.

Proposal 4: Support denser NPRS configurations in time domain than LTE PRS. 
· Option A: NPRS period is chosen from the set {160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10, 16, 32, 64, 128} subframes, or {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes.
· Option B: NPRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10} subframes.
· Option C: A combination of Option A and Option B, e.g., NPRS period is chosen from the set {10, 20, 40, 80, 160, 320, 640, 1280} subframes, and the number of NPRS subframes per period is chosen from the set {1, 2, 4, 6, 10, 16, 32, 64, 128} subframes, or {1, 2, 4, 6, 10, 20, 40, 80, 160} subframes.
Proposal 5: NPRS is configured per NB-IoT carrier basis (including the option of not to configure any PRS per NB-IoT carrier basis).
· NPRS frequency hopping is not supported for eNB-IoT.
[bookmark: _GoBack]Proposal 6: Reuse LTE PRS muting mechanism with a bit string of 2, 4, 8, or 16 bits for NB-IoT NPRS muting. 
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