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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]From RAN1 perspective, the potential positioning techniques for NR shall focus on the RAT dependent solutions. In our previous contribution, we have analysed the three techniques: OTDOA, E-CID and UTDOA. These techniques have been implemented in LTE. However in NR, the further enhancement on these techniques can be expected.

Among the three techniques, OTDOA in our view should be the main target for further enhancement, especially when the wider bandwidth and larger antenna array are taken into account. The support for both FR1 and FR2 is also needed.

2 Potential enhancement on OTDOA
The OTDOA utilizes the concept of measuring the distance. More specifically, it measures the received signal time difference between the transmission points. Unlike GNSS, the time of flight (TOF, or TOA) may not be derived through using the mobile radio since the absolute time for transmission from a transmission point is not encoded in the transmission signal. The transmission signal for LTE OTDOA technique is reference signal based.

Honestly speaking, we don’t see any particular advantage for mobile radio to imitate GNSS so that the transmission point in NR may also transmit small amount of data which encodes the timing information. Instead, we believe that the synchronization error between transmission points is the key factor to the performance degradation. It is not relevant to be based on TOA or TDOA measurement.

So, it is expected that the NR OTDOA be still based on the reference signal. In previous meeting, there could be two options as the baseline design, which are,
· LTE PRS
· NR TRS

Before arguing which option should be chosen, we have the fundamental analysis in the following.

In 36.355 LPP, there are two crucial parameters in the OTDOA-NeighborCellInfoList, which are expectedRSTD and expectedRSTD-Uncertainty. The parameter expectedRSTD indicates that, the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of PRS positioning occasions between the two cells.

The parameter expectedRSTD-Uncertainty indicates that the uncertainty is related to the location server's a‑priori estimation of the target device location. The expectedRSTD and expectedRSTD-Uncertainty together define the search window for the target device.

The parameter expectedRSTD has a range between 0 and 16383. As such (expectedRSTD-8192) 3Ts has a range between -800us and +800us. The parameter expectedRSTD-Uncertainty has a range between 0 and 1023. Then the search window of size [-expectedRSTD-Uncertainty3Ts, expectedRSTD-Uncertainty3Ts ] has the largest size between -100us and 100us.

The spacing of reference signal in frequency domain in post-FFT denotes the observable range. The corresponding observable range for different comb structure is listed below,
· Comb-12 for SCS=15KHz: the observable range is -1/15K/2/12 : 1/15K/2/12 = [-2.778us, 2.778us]
· Comb-8 for SCS=15KHz: the observable range is -1/15K/2/8 : 1/15K/2/8 = [-4.17us, 4.17us]
· Comb-6 for SCS=15KHz: the observable range is -1/15K/2/6 : 1/15K/2/6 = [-5.556us, 5.556us]
· Comb-4 for SCS=15KHz: the observable range is -1/15K/2/4 : 1/15K/2/4 = [-8.33us, 8.33us]
· Comb-3 for SCS=15KHz: the observable range is -1/15K/2/3 : 1/15K/2/3 = [-11.11us, 11.11us]
· Comb-2 for SCS=15KHz: the observable range is -1/15K/2/2 : 1/15K/2/2 = [-16.67us, 16.67us]
· Comb-1 (RS on all REs in a RB) for SCS=15KHz: the observable range is -1/15K/2/1 : 1/15K/2/1 = [-33.33us, 33.33us]

If the time delay search is performed at pre-FFT domain, for example in Fig. 1a the RS in two consecutive OFDM symbols at same subcarriers is transmitted. At the receiver side the UE generates the local pre-FFT sequence with the length of two OFDM symbols plus one CP interval by performing IFFT on each OFDM symbol where the REs without reference signal are placed 0. The pre-FFT sequence has length of  2*2048+144= 4240. The match filtering is applied to the received signal by using the local pre-FFT sequence. Assume SNR=10dB and there is no other data transmission except the reference signal, the match filtering output is shown in Fig. 1b. A number of peaks can be observed. The maximum output of the peaks indicates the time delay of received signal. Other peaks can be treated as false peaks.

The estimated time delay could be perturbed by the false peaks when SNR is not high enough. This also means the sparser comb structure limits the search range at both the pre-FFT and post-FFT domain. Fig. 2a is another comb-6 placement of RS on two consecutive OFDM symbols. The match filtering output is shown in Fig. 2b. It is seen that the number of peaks is reduced as compared to Fig. 1b. The reason is, the RS placement in Fig. 1a and Fig. 2a have equivalent comb-6 and comb-3 structure, respectively. The dense RS density can reduce the false peaks effectively. 
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        Fig. 1a               Fig. 1b
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       Fig. 2a               Fig. 2b


The LTE PRS block in a subframe is designed such that when time domain interpolation is performed, the PRS is equivalent to be present in 10 REs in a resource block of 12 REs. As a result, the corresponding observable range after time domain interpolation is equivalent to that by the RS with comb-1 structure. 

If the RSTD uncertainty range is large and the observable range of the reference signal is relatively small, the UE may consume more power to search for the time delay of received signal. On the other hand, if the RSTD uncertainty range can be ensured smaller than one OFDM symbol time, the RS with equivalent comb-1 structure may not be needed.

If the transmit time difference of reference signal between two cells can be well controlled as smaller as possible. For example if both cells transmit the reference signal at the same slot index n and symbol index x, at exactly the same absolute time instant, the transmit time difference between two cells can be assumed 0. As such it is all about the propagation time difference between two cells to determine RSTD. Let r1 denote the distance between the UE and cell 1, and let r2 denote the distance between the UE and cell 2. As |r1 – r2| = 1km, the RSTD is 3.33us. As |r1 – r2| = 2km, the RSTD is 6.67us. And when |r1 – r2| = 10km, the RSTD is 33.33us, which is the limit of observable range of the RS with comb-1 structure operated at SCS = 15KHz. It also means if the distance difference is smaller, the sparser comb structure, for example, comb-2, comb-3 and comb-4 structures are sufficient.

The RS in each symbol in LTE PRS block is comb-6 structure. So it requires a block of 6 OFDM symbols with different RS frequency shift in each symbol to reach an equivalent comb-1 structure. Note that the time domain interpolation may not be applied to the block of 6 symbols. The extra symbols are needed if time domain interpolation is considered to further improve received SNR. 

In reality, the transmit time difference between cells may not exactly be 0, and the UE may not really need to measure the cells which are allocated far away. If the network deployment can ensure that the sum of transmit time difference and propagation time difference can be controlled at a certain level, the RS block design for positioning could end up with an equivalent comb-2, comb-3 or comb-4 structures, instead of an equivalent comb-1 structure. 

Another advantage of equivalent comb-2, comb-3 or comb-4 structures for RS block design is that the block duration can be reduced. As such, it allows the network to transmit multiple RS blocks in a slot by a beam sweeping manner. The Rel-15 SSB has duration of 4 symbols. At this moment, there is no need to also stick the duration of RS block for positioning to also equal to 4 symbols. Fig. 3 shows an example of 5-symbol duration of RS block with an equivalent comb-2 structure, and intrinsically it is comb-6 structure in each symbol.

The intrinsic comb structure in each symbol also denotes the non-colliding capability when the transmission points transmit the signal simultaneously. So it is expected that the intrinsic comb-6 structure has better received SINR than the intrinsic comb-4 structure, due to less colliding opportunity. The colliding opportunity on intrinsic comb-4 structure can be reduced through the muting. However this also means the increase of RS overhead.

Another capability for the intrinsic comb structure in each symbol is the power boosting. This is the concept of borrowing the power from the REs without transmission in the same symbol. So theoretically the RS can boost 7.8dB and 6dB respectively for the intrinsic comb-6 and comb-4 structure, respectively.
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                        Fig. 3, equivalent comb-2 structure for a RS block of 5 symbols
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Based on the above, we have,

Observation 1: The search window range based on the parameter expectedRSTD-Uncertainty can be between -100us and 100us

Observation 2: The spacing of reference signal in frequency domain in post-FFT denotes the observable range. The corresponding observable range for different comb structures under SCS=15KHz are,
· Comb-12 : [-2.778us, 2.778us]
· Comb-8 : [-4.17us, 4.17us]
· Comb-6 : [-5.556us, 5.556us]
· Comb-4 : [-8.33us, 8.33us]
· Comb-3 : [-11.11us, 11.11us]
· Comb-2 : [-16.67us, 16.67us]
· Comb-1 : [-33.33us, 33.33us]

Observation 3: The intrinsic comb structure for LTE PRS block is comb-6, and ends up with an equivalent comb-1 structure when time domain interpolation is performed at the receiver

Observation 4: The sparser comb structure limits the search range at both the pre-FFT and post-FFT domain

Observation 5: Another advantage of equivalent comb-2, comb-3 or comb-4 structures for RS block design is that the block duration can be reduced. As such, it allows the network to transmit multiple RS blocks in a beam sweeping manner

Observation 6: The intrinsic comb structure in each symbol also denotes the non-colliding capability when the transmission points transmit the signal simultaneously. So it is expected that the intrinsic comb-6 structure has better received SINR than the intrinsic comb-4 structure, due to the less colliding opportunity

Observation 7: The colliding opportunity on intrinsic comb-4 structure can be reduced through the muting. However this also means the increase of RS overhead

Observation 8: Another capability for the intrinsic comb structure in each symbol is the power boosting. Theoretically the RS can boost 7.8dB and 6dB respectively for the intrinsic comb-6 and comb-4 structure, respectively


Proposal 1: If the network deployment can ensure that the sum of transmit time difference and propagation time difference can be controlled at a certain level, the RS block design for positioning could end up with an equivalent comb-2, comb-3 or comb-4 structures, instead of an equivalent comb-1 structure

Proposal 2: The Rel-15 SSB has duration of 4 symbols. There is no need to also stick the duration of RS block for positioning to also equal to 4 symbols

Proposal 3: The equivalent comb-2, comb-3 or comb-4 RS block structure can be considered for beam sweeping operation
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   Fig. 4a, LTE PRS transmission pattern      Fig. 4b, Equivalent LTE PRS transmission by ignoring 3 symbols for CRS




3 Conclusion
Based on the above, we have,

Observation 1: In LTE, the search window range based on the parameter expectedRSTD-Uncertainty can be between -100us and 100us

Observation 2: The spacing of reference signal in frequency domain in post-FFT denotes the observable range. The corresponding observable range for different comb structures under SCS=15KHz are,
· Comb-12 : [-2.778us, 2.778us]
· Comb-8 : [-4.17us, 4.17us]
· Comb-6 : [-5.556us, 5.556us]
· Comb-4 : [-8.33us, 8.33us]
· Comb-3 : [-11.11us, 11.11us]
· Comb-2 : [-16.67us, 16.67us]
· Comb-1 : [-33.33us, 33.33us]

Observation 3: The intrinsic comb structure for LTE PRS block is comb-6, and ends up with an equivalent comb-1 structure when time domain interpolation is performed at the receiver

Observation 4: The sparser comb structure limits the search range at both the pre-FFT and post-FFT domain

Observation 5: Another advantage of equivalent comb-2, comb-3 or comb-4 structures for RS block design is that the block duration can be reduced. As such, it allows the network to transmit multiple RS blocks in a beam sweeping manner

Observation 6: The intrinsic comb structure in each symbol also denotes the non-colliding capability when the transmission points transmit the signal simultaneously. So it is expected that the intrinsic comb-6 structure has better received SINR than the intrinsic comb-4 structure, due to the less colliding opportunity

Observation 7: The colliding opportunity on intrinsic comb-4 structure can be reduced through the muting. However this also means the increase of RS overhead

Observation 8: Another capability for the intrinsic comb structure in each symbol is the power boosting. Theoretically the RS can boost 7.8dB and 6dB respectively for the intrinsic comb-6 and comb-4 structure, respectively

Proposal 1: If the network deployment can ensure that the sum of transmit time difference and propagation time difference can be controlled at a certain level, the RS block design for positioning could end up with an equivalent comb-2, comb-3 or comb-4 structures, instead of an equivalent comb-1 structure

Proposal 2: The Rel-15 SSB has duration of 4 symbols. There is no need to also stick the duration of RS block for positioning to also equal to 4 symbols

Proposal 3: The equivalent comb-2, comb-3 or comb-4 RS block structure can be considered for beam sweeping operation
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