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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]The objectives related to the reference signal in the agreed WI for positioning are captured below,
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA

In this contribution, we provide our views and proposals for downlink and uplink reference signal design for Rel-16 NR positioning. Moreover, one non-technical suggestion is listed in Appendix.

2 Downlink RS
2a Overview
For downlink schemes, the PRS is defined in LTE but the Rel-15 NR doesn’t define any reference signal for positioning. The conventional DL-OTDOA technique requires accurate synchronization between TPs. The techniques without such restriction need to be taken into account, for example DL-AOD and multi-RTT. As such the reference signal design is not just limited to the TOA and RSTD measurement. The angle measurement, depending on how to realize it, may also be considered inside a whole RS framework. 

The high resolution angle measurement can be realized by RSRP measurement from multiple transmit beams from each TP. 

During the study item, the direct use, or further modification on the existing Rel-15 reference signal are also proposed by several companies. SSB and TRS are the candidates among the Rel-15 reference signal for potentially supporting the positioning purpose. The brand new reference signal design is also considered by a certain number of companies.

The below is the list of our concern and the favour for the direct usage of Rel-15 RS for positioning purpose.

	
	favour
	concern

	SSB
	· Support multiple beams in TDM

	· Limited bandwidth
· May not have orthogonal transmission among cells to reduce interference
· No muting mechanism
· Limited ID (1008)
· PSS may suffer more severe interference

	TRS
	· Support multiple beams in TDM
· Support wide bandwidth
	· No muting mechanism
· Limited scrambling ID (1024)
· Whether comb-4 without staggering pattern is sufficient for observation range



In FR2, the beamforming at certain direction is needed. For positioning purpose, it is also desirable to explore the benefit and the use case under the beamforming framework.

It is expected that the Rel-16 downlink positioning signal design should at least consider the following aspects:
· Under same network synchronization accuracy and same RS overhead, DL-OTDOA performance regarding TOA and RSTD measurement is at least comparable to the LTE in the regulatory use case
· The unified RS design for RSTD, TOA and RSRP measurement
· The RS transmission from multiple beams and multiple TPs

Observation 2a-1: The Rel-15 TRS and SSB lack the muting mechanism which has been supported in LTE PRS. The SINR condition could be worse 

Observation 2a-2: The Rel-15 TRS and SSB have less number of scrambling IDs than LTE PRS

Observation 2a-3: The observation range of +/- 1/8 of symbol time by TRS may not be sufficient

Observation 2a-4: The Rel-15 SSB has limited bandwidth, which could be the bottleneck for accuracy 

Proposal 2a-1: It is expected that the Rel-16 downlink positioning signal design should at least consider the following aspects:
· At least comparable DL-OTDOA performance to the LTE under same network synchronization accuracy and same RS overhead
· Unified RS design for RSTD, TOA and RSRP measurement
· RS transmission from multiple beams and multiple TPs


2b LTE PRS analysis
The LTE PRS design and the corresponding framework can be summarized as follows, 
· Consecutive symbol allocation from symbol 3 to symbol 13 in a subframe by skipping the symbols with CRS. So LTE PRS can be treated as one RS block in a subframe
· Consecutive subframe allocation for one occasion
· Comb-6 structure per symbol, and staggered pattern among symbols
· Consecutive RB allocation
· Single antenna port (port 6)
· PRS ID range from 0 to 4095
· Configured PRS subframe offset and periodicity
· Configured muting pattern
· PRS power boosting

From UE perspective, to process the received subframe with PRS from a neighbour cell, the time domain interpolation across the PRS symbols is performed at post-FFT, with FFT window aligned with the reference cell. The LTE PRS is shown in Fig. 2b-1. It is seen that, for each subcarrier, the RS is present in one or two symbols. After demodulation, the raw channel is derived in each RE with RS transmission. The 2-tap time domain interpolator can be applied to the subcarriers where there are two symbols for RS transmission. After that, for each subcarrier, it is either raw channel or the filtered channel value.

The LTE PRS has equivalent comb-1 structure after RX processing. Using the terminology of “equivalent” means it may not be exactly equal to, but almost close to a certain structure. 

It is understood that, after demodulation, the exact comb-n signal at post-FFT may produce the waveform with n number of replica at pre-FFT. See Fig. 2b-2, 2b-3 and 2b-4. This also denotes the decrease of observation range without ambiguity. The equivalent comb-1 signals, as seen in Fig. 2b-5 and 2b-6, have several smaller false peaks but eventually the observation range is still up to the period of an OFDM symbol. The LTE PRS has similar structure as that in Fig. 2b-5 after RX processing.

The interference avoidance is crucial since the UE needs to receive the signal from the neighbor cell. For LTE PRS transmission, the orthogonality (interference avoidance) is maintained by interleaved FDM (IFDM) among the transmissions in the same subframe.

In [1], it is also observed that in the LTE assistance data, the ISD=240 km is considered for defining the bit size of the estimated timing difference. During the NR positioning study item, the regulatory case even only considers ISD=500m. So for the potentially denser deployment in NR, the design related to the positioning should consider smaller ISD than that in LTE.

The positioning subframe alignment in LTE considers the cases of full alignment and partial alignment for synchronous and asynchronous network respectively [2]. It is desirable for RAN1 to discuss the prioritization on the support of synchronous and asynchronous network for NR.


Observation 2b-1: For LTE PRS transmission, the orthogonality is maintained by interleaved FDM (IFDM) among the transmissions in the same subframe. No TDM in a subframe since the starting symbol is the same

Observation 2b-2: The LTE PRS allows the UE to perform time domain interpolation across symbols

Observation 2b-3: The LTE PRS has equivalent comb-1 structure after RX processing. The “equivalent” means it may not be exactly equal to, but almost close to a certain structure. 

Observation 2b-4: In the LTE assistance data, the ISD=240 km is considered for defining the bit size of the estimated timing difference. During the NR positioning study item, the regulatory case even only considers ISD=500m

Proposal 2b-1: For the potentially denser deployment in NR, the design related to positioning may consider smaller ISD than that in LTE

Proposal 2b-2: RAN1 may discuss the prioritization on the support of synchronous and asynchronous network for NR positioning
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       Fig. 2b-1
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      Fig. 2b-2                                             Fig. 2b-3
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      Fig. 2b-4                                             Fig. 2b-5
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      Fig. 2b-6




2c Interference analysis
Let’s consider 19 sites, each with 3 sectors (cells). Then totally there are 57 cells for transmission. Assume that the 57 cells are transmitted together in the same slot. So under the same RS overhead including both symbols for RS transmission and muted symbols, we get the following statistics,
· Consider 1 RS block in a slot, 12 symbols for this block and comb-6 RS structure. This is approximately the same as the LTE PRS structure. For each comb index, there would be, on the average, 57/6 = 9.5 cells for simultaneous transmission
· Consider 2 RS blocks in a slot, 6 symbols for each RS block, and comb-6 RS structure. For each RS block, 28.5 (57/2) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 28.5/6 = 4.75 cells for simultaneous transmission
· Consider 3 RS blocks in a slot, 4 symbols for each RS block, and comb-4 RS structure. For each RS block, 19 (57/3) cells are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 19/4 = 4.75 cells for simultaneous transmission
· Consider 4 RS blocks in a slot, 3 symbols for each RS block, and comb-3 RS structure. For each RS block, 14.25 (57/4) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 14.25/3 = 4.75 cells for simultaneous transmission
· Consider 6 RS blocks in a slot, 2 symbols for each RS block, and comb-2 RS structure. For each RS block, 9.5 (57/6) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 9.5/2 = 4.75 cells for simultaneous transmission
· Consider 12 RS blocks in a slot, 1 symbol for each block, and comb-1 RS structure. For each RS block, 4.75 (57/12) cells on the average are transmitted and other cells are muted. For the only one comb index in a RS block, there would be, on the average, 4.75/1 = 4.75 cells for simultaneous transmission

The more analysis is tabulated below,

	Number of RS block
in a slot
	Number of symbols 
in a block
	Comb structure per symbol
	Average loading (collided cells) per comb under 57 cells transmission
	

	1
	12
	Comb-6
	9.5 cells
	As benchmark

	2
	6 or 5
	Comb-6
	4.75 cells
	

	2
	6 or 5
	Comb-4
	7.125 cells
	

	3
	4
	Comb-4
	4.75 cells
	

	3
	4
	Comb-3
	6.33 cells
	

	4
	3
	Comb-3
	4.75 cells
	

	4
	3
	Comb-2
	7.125 cells
	

	5
	2
	Comb-2 
	5.7 cells
	

	6
	2
	Comb-2
	4.75 cells
	

	12
	1
	Comb-1 
	4.75 cells
	

	12
	1
	Comb-2
	2.375 cells
	



We further derive the following observations,
· The theoretical average loading (number of colliding cells) for each comb is the same under a given number of transmitted cells among these cases: 1-symbol comb-1, 2-symbol comb-2, 3-symbol comb-3, 4-symbol comb-4 and 6-symbol comb-6 transmission
· The TDM transmission in a slot may reduce the interference level


Observation 2c-1: From the simulation study during the SI, the system is interference dominating, not (thermal) noise dominating

Observation 2c-2: Besides the interleaved FDM, the TDM transmission in a slot for multiple TPs may further reduce the interference at least for synchronous network

Observation 2c-3: The theoretical average loading (number of colliding cells) for each comb is the same under a given number of transmitted cells among these cases: 1-symbol comb-1, 2-symbol comb-2, 3-symbol comb-3, 4-symbol comb-4 and 6-symbol comb-6 transmission

Proposal 2c-1: TDM transmission in a slot among different TPs can be considered by shortening the RS block duration



2d RS structure analysis
The relationship between the RS structure and SINR gain from receiver point of view is analysed in the following. The enhanced SINR may suppress the false peaks induced by the noise and hence the accuracy of time delay estimation can be improved as well.

The IFFT based approach of deriving the channel impulse response for time delay estimation is defined as the baseline receiver. To facilitate the analysis, the following assumptions are made,
· Same transmission and measurement bandwidth for all RS patterns
· Single signal path. Timing aligned with FFT grid. So no spreading on the signal power after performing IFFT
· Simple linear interpolation coefficients applied, e.g., { ½ , ½ }, { 1/3, 1/3, 1/3}, for interpolation across symbols

We would like to identify the benefits of the following properties,
· number of symbols for RS transmission
· power boosting level
· effective IFFT size
· noise suppression by interpolation at the receiver

Let’s take structure A in TABLE 2d-1 as the baseline pattern. It is the one-symbol comb-1 RS transmission. Assume P as the average transmission power on all the RS, h as the channel, and N as the average noise power on all the subcarriers. The average SNR on the subcarriers can be treated as h2xP/N. The IFFT operation concentrates the signal energy to a single point (assume single path), whereas the noise is still spread out. So the SNR at the signal (path) point after IFFT is further raised to h2xPxNfft/N. 

When P=1 and h=1, the noiseless CIR can be seen in Fig. 2b-2.

Structure E in TABLE 2d-1 is a 4-symbol staggered comb-4 pattern. For each symbol, the RS can be boosted by 6 dB. Therefore the average transmission power on all the RS is 4xP. For each subcarrier, there is only one symbol with RS. So the interpolation across symbols for noise suppression may not be performed. Finally the SNR at the signal (path) point after IFFT is 4xh2xPxNfft/N which is 4 times larger than structure A. 

Structure F in TABLE 2d-1 is also a 4-symbol staggered comb-4 pattern but leads to become an exact comb-2 structure after RX processing. Similar to structure E, the 6 dB power boosting is assumed for each symbol. In a RB, there are 6 subcarriers having RS in 2 symbols. As the 2-tap interpolation with coefficients { ½ , ½ } is applied, the noise power becomes N/2 on these subcarriers. For the subcarriers without RS in any symbol, zero value is inserted and therefore the average noise power on all the subcarriers becomes N/4.

So after the interpolation, we derive a one-symbol pattern where there are two combs and one of which is all zeros. There are two peaks observed after IFFT operation. The power of each peak is ¼ of the average transmission power in (post-FFT) frequency domain, as shown in Fig. 2b-3. Assume the first peak as the desired signal point. The SNR at this point is 4xh2xPxNfft/N which is the same as structure E.

In reality, there are some differences between structure E and F,
· Structure F has ½ of the observation range as compared to structure E
· The SINR gain of structure E is due to the power boosting at the TX side. There could be no gain from time domain interpolation across symbols. It is quite challenging to derive the gain by frequency domain interpolation across the REs with RS transmission, since the time delay is unknown so that there is difficulty to design the interpolation filter 
· The SINR gain of structure F is due to the RX processing time domain interpolation across symbols. Besides noise suppression, the interpolation can also mitigate the unknown carrier frequency offset and Doppler shift from the transmitted signal of neighbor cell

So there are pros and cons by using either of structure E and F. For the reduced observation range by structure F, our analysis is as follows. 

In 36.355 LPP, there are two critical 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, as shown in Fig. 2d-2. 

If the observation range from the RS can cover the uncertainty range, structure F is considered as a good candidate since it provides the receiver gain. For small area deployment, it is expected to have smaller uncertainty range. 

For SCS=15 KHz, structure E can provide the observation range between -33.3 us and 33.3 us. Note that the “33.3us” refers to 10km, the additional propagation distance. Even for the UMa scenario, it is also questionable on measuring the signal from such far TPs, since the LOS probability would approximately be 0. 

For structure E, when lumping the received 4 symbols into one symbol for further CIR estimation, the false peaks may appear when without proper compensating the unknown carrier frequency offset and Doppler shift. See Fig. 2d-3. It would be very challenging to perform compensation through the time domain interpolation across symbols. Fig. 2d-4 shows the CIR estimation by structure F under the same unknown CFO and Doppler shift, there is no significant false peak as compared to Fig. 2d-3. This is the advantage of performing time domain interpolation across symbols.

From UE point of view, it is expected to see the positioning reference signal at the same subcarriers in several symbols to facilitate the interpolation across symbols. This concept is similar to DMRS design.

Structure G could be an alternative for structure E and F. Structure G basically provides the same observation range as structure E under the known false peak position, as shown in Fig. 2b-6. Structure G also allows the UE to perform interpolation between the two outmost symbols to reduce the impact of unknown CFO and Doppler shift.

From observing the numerous structures in TABLE 2d-1, we may conclude that
· For one-symbol transmission, there is no interpolation gain at the UE. The RX processing gain may only come from the size of FFT/IFFT
· When power boosting is applied, the SINR enhancement capability is determined by the number of symbols for transmission.
· The SINR enhancement is less relative to the transmitted comb structure in frequency domain. For example the 12-symbol comb-4 and 12-symbol comb-6 transmission have theoretically identical SINR enhancement capability

Let’s combine the two factors for comprehensive analysis,
· In this section, it is seen that the number of symbols for transmission is the key parameter for SINR enhancement capability
· In section 2c, it is seen that the theoretical average loading (number of colliding cells) for each comb is the same under a given number of transmitted cells among these cases: 1-symbol comb-1, 2-symbol comb-2, 3-symbol comb-3, 4-symbol comb-4 and 6-symbol comb-6 transmission

Hence the one-symbol comb-1 transmission could be more vulnerable when the encountered SINR is lower. Furthermore under the asynchronous network, the advantage of TDM may be compromised. Fig.2d-5 shows the simulation result that, under the same colliding cell number per comb, the one-symbol comb-1 transmission in green line has worse accuracy than 4-symbol comb-4 and 6-symbol comb-6 transmission for around 25% UEs.
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             Fig. 2d-3                                     Fig. 2d-4
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Fig 2d-5

Observation 2d-1: The SINR enhancement comes from both the TX and RX processing gains. The TX processing gain is due to the power boosting

Observation 2d-2: For SINR enhancement, the RX processing gain may include 
· for multiple symbol transmission: time domain interpolation across symbols
· for multiple symbol transmission: the capability to construct the correlation matrix for advanced algorithm (MUSIC)
· for larger IFFT size: IFFT operation to spread out the interference and noise

Observation 2d-3: For one-symbol transmission, there is no interpolation gain at the UE. The RX processing gain may only come from the size of FFT/IFFT

Observation 2d-4: When power boosting is applied, the received SINR enhancement is determined by the number of symbols for transmission

Observation 2d-5: The SINR enhancement is less relative to the transmitted comb structure in frequency domain. For example the 12-symbol comb-4 and 12-symbol comb-6 transmission have theoretically identical SINR enhancement

Proposal 2d-1: The RS design needs to consider the structure to facilitate RX processing for SINR enhancement

[bookmark: _GoBack]Proposal 2d-2: Don’t consider the one-symbol and/or comb-1 structure since there is limited SINR enhancement capability

Proposal 2d-3: Consider multiple-symbol non-comb-1 with staggering structure as positioning reference signal in NR







TABLE 2d-1
	
	Average TX RS power in post-fft
(on subcarriers with RS)   (1)
	Main (single) path power in pre-fft after RX processing
(2)
	Average noise power in post-fft after RX processing
( on all subcarriers)
(3)
	Average noise power in pre-fft after RX processing
(all subcarriers)
(4)
	SNR at signal point (pre-fft) after RX processing

(2)/(4)

	A. 1-symbol comb-1
[image: ]
	P
	h2xP
	N
	N/Nfft
	h2xPxNfft/N

	B. 2-symbol comb-1
[image: ]
	P
	h2xP
	N/2
	N/2/Nfft
	2xh2xPxNfft/N

	C. 2-symbol comb-2
[image: ]
	2xP
	2xh2xPx(1/2)2 = 0.5xh2xP
	(½x6 + 0x6)/12xN = N/4
	N/4/Nfft
	2xh2xPxNfft/N

	D. 4-symbol comb-2
[image: ] or  [image: ]
	2xP
	2xh2xP
	N/2
	N/2/Nfft
	4xh2xPxNfft/N

	E. 4-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	N
	N/Nfft
	4xh2xPxNfft/N

	F. 4-symbol comb-4
(exact comb-2 after rx processing)
[image: ] 
	4xP
	4xh2xPx(1/2)2 = h2xP
	(½x6 + 0x6)/12xN = N/4 
	N/4/Nfft

	4xh2xPxNfft/N

	G. 4-symbol comb-4
(equivalent comb-1 after rx proc)
[image: ]
	4xP
	4xh2xPx(3/4)2 = 2.25xh2xP
	(½x3 + 1x6 + 0x3)/12xN = 5/8xN
	5/8xN/Nfft
	3.6xh2xPxNfft/N

	H. 5-symbol comb-4
(equivalent comb-1 after rx proc)
[image: ] or [image: ]
	4xP
	4xh2xPx(3/4)2 = 2.25xh2xP
	(½x6 +1x3 +0x3)/12xN = N/2
	N/2/Nfft

	4.5xh2xPxNfft/N

	I. 5-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	(½x3 +1x9)/12xN = 7/8xN
	7/8xN/Nfft
	4.57xh2xPxNfft/N

	J. 6-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	(½x6 +1x6 )/12xN = 3/4xN
	3/4xN/Nfft
	5.3xh2xPxNfft/N

	K. 6-symbol comb-4
(equivalent comb-1 after rx proc)
[image: ]
	4xP
	h2x4xPx(3/4)2 = h2x2.25xP
	(½x9 +0x3)/12xN = 3/8xN
	3/8xN/Nfft
	6xh2xPxNfft/N

	L. 7-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	(½x9 +1x3 )/12xN = 5/8xN
	5/8xN/Nfft
	6.4xh2xPxNfft/N

	M. 8-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	(½x12)/12xN = 1/2xN
	1/2xN/Nfft
	8xh2xPxNfft/N

	N. 12-symbol comb-4
(exact comb-1 after rx processing)
[image: ]
	4xP
	4xh2xP
	(1/3x12)/12xN = 1/3xN
	1/3xN/Nfft
	12xh2xPxNfft/N

	O. 6-symbol comb-6
(exact comb-1 after rx processing)
[image: ]
	6xP
	6xh2xP
	N
	N/Nfft
	6xh2xPxNfft/N

	P. 6-symbol comb-6
(exact comb-2 after rx processing)
[image: ]
	6xP
	h2x6xPx(1/2)2 = 1.5xh2xP
	(½x6 + 0x6)/12xN = N/4
	N/4/Nfft
	6xh2xPxNfft/N

	Q. 8-symbol comb-6
(equivalent comb-1 after rx proc)
[image: ]
	6xP
	h2x6xPx(5/6)2 = 4.17xh2xP
	(½x6 + 1x4)/12xN = 7/12xN
	7/12xN/Nfft
	7.14xh2xPxNfft/N

	R. 12-symbol comb-6
(exact comb-1 after rx processing)
[image: ]
	6xP
	6xh2xP
	(1/2x12)/12xN = 1/2xN
	1/2xN/Nfft
	12xh2xPxNfft/N



2e RS design through TRS extension
One discussion point during the study item is whether the TRS can also be acted as the reference signal for positioning, or the extension of TRS can make it suitable for positioning purpose. One of the reasons to leverage TRS is the RS overhead consideration.

There is minor difference for Rel-15 periodic TRS configuration between FR1 and FR2. In FR1, a periodic TRS burst consists of two consecutive slots and two symbols with TRS in each slot at same symbol position. The symbol positon is {4,8}, {5,9} and {6,10} in a slot by considering slot structure. In FR2, one or two slots can be configured to form a burst. The symbol position can be {0,4}, {1,5}, {2,6}, {3,7}, {4,8}, {5,9}, {6,10}, {7,11}, {8,12} or {9,13}, depending on the higher layer configuration.

 However several things need to be considered,
· For hearability improvement, it is expected no data transmission from other cells in the same slot when the positioning signal is transmitted from a certain cell. If the coordinated cells for supporting the positioning function don’t have the same TRS periodicity and slot offset as shown in Fig. 2e-1, the muted slots could be increasing to maintain hearability and therefore the system efficiency is dropped
· For higher layer configuration, TRS is constructed by using CSI-RS resource set. In FR1, it is 4 CSI-RS resources in a CSI-RS resource set. In FR2, either 4 or 2 CSI-RS resources in a CSI-RS resource set can be configured. The UE may receive a number of TRS configurations since a resource set is treated as the transmission from a beam. Certainly The configuration on TRS has consumed a certain amount of RRC signalling overhead, which should be avoided for the positioning reference signal design
· Reference signal for positioning can be muted if we inherit the design in LTE. TRS can’t be muted even when TRS is part of the positioning reference signal
· The fundamental structure for TRS in a slot is the symbol pair with 4-symbol spacing. This structure can’t be further revised since it will impact the Rel-15 UE. This also imposes the restriction to the positioning reference signal design 
· The observation range of TRS is between +/- 1/8 of the symbol time, due to the structure of comb-4 without staggering  

One design direction is to utilize the TRS burst for positioning with proper modification. It is not that all the periodic TRS bursts need to be used for positioning, since the positioning signal can be configured with longer periodicity than TRS. For example, TRS periodicity is 20ms and positioning signal has 160ms periodicity. 

When a TRS burst is expected to support positioning purpose, we can consider to use TRS as the basis, and then additionally allocate some reference signal to form a structure suitable for positioning.

In the following example, we construct the basis by using one CSI-RS resource set for TRS. One resource set actually denotes the transmission from a beam.

Fig 2e-2 to 2e-7 provide the TRS extension cases, 
· Fig. 2e-2 is to allocate the new reference signals on every other REs from the TRS REs in the TRS symbols. The positioning signal in each TRS symbol becomes comb-2 structure. There are two symbols in non-consecutive arrangement in a RS block for positioning
· Fig. 2e-3 is to allocate the new reference signals on the neighbouring symbols of the TRS symbols. The new reference signals are allocated on every other subcarriers from the subcarriers with TRS. The positioning signal in each symbol for positioning is still comb-4 structure. There are four symbols in a RS block
· Fig. 2e-4 is the extension of Fig. 2e-2 by adding one more symbol as positioning symbols. There are three symbols in non-consecutive arrangement and the RS are arranged at the same subcarriers among the three symbols. The symbol spacing between the first and second symbol, and between the second and third symbol is the same
· Fig. 2e-5 is the slight modification on Fig. 2e-4, where the positioning signal in the third symbol in the RS block has one subcarrier offset from that in the first and second symbols. In this way, the third symbol can be acted as the auxiliary symbol to assist ambiguity detection
· Fig. 2e-6 is the extension of Fig. 2e-3 by adding additional two consecutives symbols as positioning symbols. There are 6 symbols for positioning
· Fig. 2e-7 is to construct a RS block for positioning by 6 consecutive symbols. The observation range can achieve a whole symbol time after RX processing. The positioning signal is comb-4 structure

Due to the restriction of 4-symbol spacing for a TRS symbol pair, 4 blocks in a slot for positioning reference signal can be allocated, which is shown in Fig. 2e-2 and 2e-4. Note that the symbols in a block are not consecutive.

There is no particular benefit for non-consecutive allocation of positioning signal. The severe overlapping in time domain may occur under asynchronous network. For consecutive allocation, only partial overlapping is encountered. It is shown in Fig. 2e-7 that the consecutive allocation is still feasible when TRS is part of the positioning reference signal.

Note that in Fig. 2e-7, the TRS symbol position for second block is at {8, 12}, which is not allowed in FR1. The increase of TRS symbol position in FR1 is needed in order to support TRS extension for positioning reference signal.


Proposal 2e-1: The TRS extension for positioning needs to consider the TRS property of 4-symbol spacing between 2 TRS symbols in a slot

Proposal 2e-2: Consider consecutive allocation in symbol for TRS extension for positioning

Proposal 2e-3: Increase TRS symbol position in FR1 to support TRS extension for positioning

Proposal 2e-4: Consider comb-2 and comb-4 structure to support TRS extension for positioning

Proposal 2e-5: Don’t increase additional TRS periodicity, which is longer than 80ms to support TRS extension for positioning

Proposal 2e-6: It is not that all the periodic TRS bursts need to be modified for positioning purpose. For example, TRS periodicity is 20ms and positioning signal has 160ms periodicity

Observation 2e-1: For hearability improvement, it is expected no data transmission from other cells in the same slot when the positioning signal is transmitted from a certain cell. If the coordinated cells for supporting the positioning function don’t have the same TRS periodicity and slot offset, the muted slots could be increasing to maintain hearability and therefore the system efficiency is dropped

Observation 2e-2: The configuration on TRS in Rel-15 has consumed a certain amount of RRC signalling overhead, which should be avoided for the positioning reference signal design

Observation 2e-3: Positioning reference signal can be muted if we inherit the design in LTE. TRS can’t be muted even when TRS is part of the positioning reference signal

Observation 2e-4: The fundamental structure for TRS in a slot is the symbol pair with 4-symbol spacing. This structure can’t be further revised since it will impact the Rel-15 UE. This also imposes the restriction to the positioning reference signal design

Observation 2e-5: The observation range of TRS is between +/- 1/8 of the symbol time, due to the structure of comb-4 without staggering  

Observation 2e-6: To comply with TRS, the RS block mapping to the symbols in a slot for transmission may not be consecutive

Observation 2e-7: Due to the restriction of 4-symbol spacing for a TRS symbol pair, 4 blocks in a slot for positioning signal can be allocated. The symbols in a block are not consecutive

Observation 2e-8: The consecutive allocation in symbol is still feasible when TRS is part of the positioning reference signal
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                                     Fig. 2e-1






TABLE 2e-1
	
	Number for allowed orthogonal transmission in a slot
	Symbol number
for a transmission
	Achievable 
observation range

	Fig. 2e-2
	4 for ITDM, 2 for IFDM
Total = 8
	2
	0.5 symbol
( +/- ¼ of symbol time)

	Fig. 2e-3
	2 for ITDMA, 4 for IFDM
Total = 8
	4
	0.5 symbol
( +/- ¼ of symbol time)

	Fig. 2e-4
	4 for ITDM, 2 for IFDM
Total = 8
	3
	0.5 symbol
( +/- ¼ of symbol time)

	Fig. 2e-5
	4 for ITDM, 2 for IFDM
Total = 8
	3
	entire symbol
( +/- ½ of symbol time)

	Fig. 2e-6
	2 for ITDM, 4 for IFDM
Total = 8
	6
	0.5 symbol
( +/- ¼ of symbol time)

	Fig. 2e-7
	2 for TDM, 4 for IFDM
Total = 8
	6
	entire symbol
( +/- ½ of symbol time)


TABLE 2e-1
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2f RS design without through TRS extension
The on-demand RS transmission is use case that the positioning reference signal may need to be transmitted outside the periodic TRS bursts. Then, there is no need to be subject to the 4-symbol spacing of TRS symbols for the RS design. The shorter duration for transmission in consecutive symbols is preferred, since the other symbols in a slot without on-demand RS transmission can be scheduled for PDSCH transmission. 
The on-demand RS transmission could be used for the refined timing measurement. Then there is no need to achieve the whole symbol observation range. The additional observation range by ½ and 1/3 of symbol time can be considered. Hence, the comb-2, comb-4 and comb-6 RS structure with staggering can be considered.

The on-demand RS transmission, when triggered, may come from multiple TPs. So the orthogonal transmission through IFDM and TDM in a slot can again be utilized. The below figures show the feasibility of TDM between data transmission and positioning reference signal transmission in a slot.

Observation 2f-1: The on-demand RS transmission could be used for the refined timing measurement. Then there is no need to achieve the whole symbol observation range

Observation 2f-2: The on-demand RS transmission, when triggered, may come from multiple TPs. So the orthogonal transmission through IFDM and TDM in a slot can again be utilized

Proposal 2f-1: The on-demand RS design doesn’t need to be subject to TRS property of 4-symbol spacing. The shorter duration for transmission in consecutive symbols is preferred

Proposal 2f-2: The observation range by 1, ½ and 1/3 of symbol time can be considered for on-demand RS

Proposal 2f-3: The comb-2, comb-4 and comb-6 RS structure with staggering can be considered for on-demand RS
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        Fig. 2f-1                     Fig. 2f-2                       Fig. 2f-3
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2g QCL of positioning reference signal
The SSB transmission from neighbour cells may not be protected through, for example, the orthogonal transmission and muting in other cells. Hence it may not be appropriate to consider SSB as the QCL source for positioning reference signal except the serving cell.

In LTE, LPP supports the assisted information of expectedRSTD and expectedRSTD-Uncertainty. So the timing search has been confined within a time period. Similarly in NR, the direction information of the neighbor cell relative to the reference cell can be provided through the assisted information to facilitate RX spatial parameter adjustment. As such, the direction search is confined within a spatial range.

So we can consider that the transmitted RS can facilitate the UE to conduct both the timing search and direction search for RX spatial parameter adjustment. Increase the RS symbol number is one possible solution.

The periodic RS from neighbour cell can be the QCL source of the on-demand RS from the same neighbour cell, when triggered. If for each TP the periodic RS is transmitted in multiple beam manner, the UE may report the best beam from each TP. Then the on-demand RS, when triggered, can be transmitted from several TPs by the same downlink spatial domain transmission filter as the reported best beam for each TP. Then there is association between the periodic RS and on-demand RS from neighbour cell.

Observation 2g-1: The SSB transmission from neighbour cells may not be well protected. Hence it may not be appropriate to consider SSB as the QCL source signal for positioning reference signal except the serving cell

Observation 2g-2: In LTE, LPP supports the assisted information of expectedRSTD and expectedRSTD-Uncertainty. Hence the timing search has been confined within a time period

Observation 2g-3: The periodic RS from neighbour cell can be the QCL source of the on-demand RS from the same neighbour cell, when triggered

Observation 2g-4: The on-demand RS, when triggered, can be transmitted from several TPs by the same downlink spatial domain transmission filter as the reported best beam for each TP. Then there is association between the periodic RS and on-demand RS from neighbour cell

Proposal 2g-1: Consider the design that the transmitted RS can facilitate the UE to conduct both the timing search and direction search for RX spatial parameter adjustment. Increase the RS symbol number is one possible solution 

Proposal 2g-2: The direction information of the neighbor cell relative to the reference cell can be provided through the assisted information to facilitate RX spatial parameter adjustment. As such, the direction search is confined within a spatial range


2h Considerations of multiple beams and single beam
Let’s analyse the following scenario, 
· Each TP is transmitted with a single wide beam
· Each TP is transmitted with beam sweeping, namely multiple beams in TDM manner. And each beam is a narrower beam

The narrow beam can provide better EIRP on the pointed direction. It is still questionable on the gain that the multiple narrow beams transmission can improve.

The simulation is conducted to check the details. Let’s first consider that the transmitted symbol number for each beam is the same. Then the total symbols for multiple narrow beams transmission are greater than that for a wide beam transmission. In our study, we consider 4 narrow beams vs. 1 wide beam in 4GHz UMi scenario.

We further consider two different implementation approaches for timing measurement for multiple narrow beams transmission. First approach is to measure the timing through channel impulse response from the beam with stronger RSRP. The second approach is to measure the timing through the non-coherent combining of the channel impulse response from multiple beams.

Interestingly, it is seen in Fig. 2h-1 that, the single wide beam transmission has even better accuracy than the two receiving approaches for the multiple narrow beams transmission. We find out that,
· The narrow beam may suppress more power on these paths not in the same direction as the beam. So the direction toward the UE may be suppressed when the beam direction has slight misalignment to it
· The narrow beam may boost the power on these paths which are non-line-of-sight to the UE

Fig. 2h-2 shows the example of the observed CIR from the narrow beam transmission. The UE may treat the actual first path as noise and select another one, which is the strongest one in the figure.

We have also identified similar problem under UMa scenario. The intention for multiple narrow beams transmission is to improve the received SINR since the propagation distance is longer but at the end the expectation is not met.

It is questionable to apply multiple narrow beams transmission under the potential NLOS scenario. For both FR1 and FR2, if the coordinated cells can mute data transmission during positioning signal transmission from some cells, the received SINR may not be worse since as said earlier, the system is interference dominating, not (thermal) noise dominating.

So we suggest that the further study is needed to check the impact of wide beam and narrow beam in FR2. 

Observation 2h-1: The narrow beam may suppress more power on these paths not in the same direction as the beam. So the direction toward the UE may be suppressed when the beam direction has slight misalignment to it

Observation 2h-2: The narrow beam may boost the power on these paths which are non-line-of-sight to the UE

Observation 2h-3: It is questionable to apply multiple narrow beams transmission under the potential NLOS scenario

Proposal 2h-1: Study the impact of wide beam and narrow beam in FR2
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    Fig. 2h-1, single wide beam is better than                                    Fig. 2h-2
    several narrow beams in FR1 UMi

2i Sequence and seed
The pseudo-random sequences are defined by a length-31 Gold sequence. The initial seed is represented by 31 bits. Hence the total number of the initial seeds is 231.

The NR CSI-RS considers 1024 resource IDs and different sequence for each symbol in a frame. So this needs 1024x14x160 ( slightly greater than 221) different seeds for SCS=240KHz.

The LTE PRS supports 4096 resource IDs. If NR also considers the same ID number and applies to all the symbols in a frame by different seeds, the required seed number is around 223 seeds, which is still below 231.

A straightforward solution is to modify seed generation equation for CSI-RS by supporting 4096 ID number for positioning purpose:

[image: ]

Note that the wrapping around when exceeding 231 doesn’t mean the total seed number exceeds 231. The seed number for each resource ID in each symbol of a frame is unique.

If a TP transmits multiple beams through TDM, the initial seed for each beam can be related to the symbol where the beam is transmitting on. So there is no need to define the beam ID for seed generation.


Observation 2i-1: If a TP transmits multiple beams through TDM, the initial seed for each beam can be related to the symbol where the beam is transmitting on

Proposal 2i-1: There is no need to define the beam ID for seed generation

2j Other discussion points

Proposal 2j-1: Discuss whether the positioning reference signal can also be allocated at the control region to be FDMed with CORESET

Proposal 2j-2: Discuss whether the data transmission can be TDMed with the transmission of positioning reference signal in the same slot, if the RS block duration is shorter

Proposal 2j-3: Discuss whether the staggering pattern needs to be linear increasing or linear decreasing with symbols (LTE PRS is linear decreasing)

3 Uplink RS
3a Sequence
The uplink signal considers the PAPR issue more seriously. In Rel-16 NR MIMO, the PAPR RS is studied. It is agreed to adopt pi/2 BPSK with transform precoding through Gold sequence and CGS as the DMRS sequence for pi/2 BPSK modulation for PUSCH.

The shaping filter (FDSS) could be the key factor to reduce PAPR for the new sequence, and this is the UE implementation effort. However different UEs may implement different shaping filters. As the spectrum flatness is impacted by the shaping filter, the timing measurement could also be influenced.

Therefore it is suggested to study the influence of FDSS to the timing measurement accuracy.

Proposal 3a-1: Study the influence of FDSS to the timing measurement accuracy

Proposal 3a-2: The backward compatibility should also be considered seriously for potential development of pi/2 BPSK based SRS

3b SRS resource
The Rel-15 SRS supports 1, 2 and 4 number of antenna ports, and support 1, 2 and 4 consecutive symbols for transmission. The comb-2 and comb-4 structure are also supported.

In the study item, it is agreed to support one antenna port for downlink positioning reference signal. For uplink transmission, we can consider one or two antenna ports. The two antenna ports transmission can be through different polarizations. In this way, the received RSRP and timing measurement may be enhanced. 

In downlink analysis, we mention that in Observation 2d-4 that the received SINR enhancement is determined by the number of symbols for transmission. For uplink positioning purpose, the SRS symbol number can be increased to 6 with staggering pattern, which is similar to the downlink RS structure.

Proposal 3b-1: One or two SRS antenna ports can be considered. The two antenna ports transmission can be through different polarizations

Proposal 3b-2: Consider the increase of the SRS symbol number to 6 with staggering pattern, which is similar to the downlink RS structure

4 Conclusion
Based on the above, we have,

Observation 2a-1: The Rel-15 TRS and SSB lack the muting mechanism which has been supported in LTE PRS. The SINR condition could be worse 

Observation 2a-2: The Rel-15 TRS and SSB have less number of scrambling IDs than LTE PRS

Observation 2a-3: The observation range of +/- 1/8 of symbol time by TRS may not be sufficient

Observation 2a-4: The Rel-15 SSB has limited bandwidth, which could be the bottleneck for accuracy 

Observation 2b-1: For LTE PRS transmission, the orthogonality is maintained by interleaved FDM (IFDM) among the transmissions in the same subframe. No TDM in a subframe since the starting symbol is the same

Observation 2b-2: The LTE PRS allows the UE to perform time domain interpolation across symbols

Observation 2b-3: The LTE PRS has equivalent comb-1 structure after RX processing. The “equivalent” means it may not be exactly equal to, but almost close to a certain structure. 

Observation 2b-4: In the LTE assistance data, the ISD=240 km is considered for defining the bit size of the estimated timing difference. During the NR positioning study item, the regulatory case even only considers ISD=500m

Observation 2c-1: From the simulation study during the SI, the system is interference dominating, not (thermal) noise dominating

Observation 2c-2: Besides the interleaved FDM, the TDM transmission in a slot for multiple TPs may further reduce the interference at least for synchronous network

Observation 2c-3: The theoretical average loading (number of colliding cells) for each comb is the same under a given number of transmitted cells among these cases: 1-symbol comb-1, 2-symbol comb-2, 3-symbol comb-3, 4-symbol comb-4 and 6-symbol comb-6 transmission

Observation 2d-1: The SINR enhancement comes from both the TX and RX processing gains. The TX processing gain is due to the power boosting

Observation 2d-2: For SINR enhancement, the RX processing gain may include 
· for multiple symbol transmission: time domain interpolation across symbols
· for multiple symbol transmission: the capability to construct the correlation matrix for advanced algorithm (MUSIC)
· for larger IFFT size: IFFT operation to spread out the interference and noise

Observation 2d-3: For one-symbol transmission, there is no interpolation gain at the UE. The RX processing gain may only come from the size of FFT/IFFT

Observation 2d-4: When power boosting is applied, the received SINR enhancement is determined by the number of symbols for transmission

Observation 2d-5: The SINR enhancement is less relative to the transmitted comb structure in frequency domain. For example the 12-symbol comb-4 and 12-symbol comb-6 transmission have theoretically identical SINR enhancement

Observation 2e-1: For hearability improvement, it is expected no data transmission from other cells in the same slot when the positioning signal is transmitted from a certain cell. If the coordinated cells for supporting the positioning function don’t have the same TRS periodicity and slot offset, the muted slots could be increasing to maintain hearability and therefore the system efficiency is dropped

Observation 2e-2: The configuration on TRS in Rel-15 has consumed a certain amount of RRC signalling overhead, which should be avoided for the positioning reference signal design

Observation 2e-3: Positioning reference signal can be muted if we inherit the design in LTE. TRS can’t be muted even when TRS is part of the positioning reference signal

Observation 2e-4: The fundamental structure for TRS in a slot is the symbol pair with 4-symbol spacing. This structure can’t be further revised since it will impact the Rel-15 UE. This also imposes the restriction to the positioning reference signal design

Observation 2e-5: The observation range of TRS is between +/- 1/8 of the symbol time, due to the structure of comb-4 without staggering  

Observation 2e-6: To comply with TRS, the RS block mapping to the symbols in a slot for transmission may not be consecutive

Observation 2e-7: Due to the restriction of 4-symbol spacing for a TRS symbol pair, 4 blocks in a slot for positioning signal can be allocated. The symbols in a block are not consecutive

Observation 2e-8: The consecutive allocation in symbol is still feasible when TRS is part of the positioning reference signal

Observation 2f-1: The on-demand RS transmission could be used for the refined timing measurement. Then there is no need to achieve the whole symbol observation range

Observation 2f-2: The on-demand RS transmission, when triggered, may come from multiple TPs. So the orthogonal transmission through IFDM and TDM in a slot can again be utilized

Observation 2g-1: The SSB transmission from neighbour cells may not be well protected. Hence it may not be appropriate to consider SSB as the QCL source signal for positioning reference signal except the serving cell

Observation 2g-2: In LTE, LPP supports the assisted information of expectedRSTD and expectedRSTD-Uncertainty. Hence the timing search has been confined within a time period

Observation 2g-3: The periodic RS from neighbour cell can be the QCL source of the on-demand RS from the same neighbour cell, when triggered

Observation 2g-4: The on-demand RS, when triggered, can be transmitted from several TPs by the same downlink spatial domain transmission filter as the reported best beam for each TP. Then there is association between the periodic RS and on-demand RS from neighbour cell

Observation 2h-1: The narrow beam may suppress more power on these paths not in the same direction as the beam. So the direction toward the UE may be suppressed when the beam direction has slight misalignment to it

Observation 2h-2: The narrow beam may boost the power on these paths which are non-line-of-sight to the UE

Observation 2h-3: It is questionable to apply multiple narrow beams transmission under the potential NLOS scenario

Observation 2i-1: If a TP transmits multiple beams through TDM, the initial seed for each beam can be related to the symbol where the beam is transmitting on


Proposal 2a-1: It is expected that the Rel-16 downlink positioning signal design should at least consider the following aspects:
· At least comparable DL-OTDOA performance to the LTE under same network synchronization accuracy and same RS overhead
· Unified RS design for RSTD, TOA and RSRP measurement
· RS transmission from multiple beams and multiple TPs

Proposal 2b-1: For the potentially denser deployment in NR, the design related to positioning may consider smaller ISD than that in LTE

Proposal 2b-2: RAN1 may discuss the prioritization on the support of synchronous and asynchronous network for NR positioning

Proposal 2c-1: TDM transmission in a slot among different TPs can be considered by shortening the RS block duration

Proposal 2d-1: The RS design needs to consider the structure to facilitate RX processing for SINR enhancement

Proposal 2d-2: Don’t consider the one-symbol and/or comb-1 structure since there is limited SINR enhancement capability

Proposal 2d-3: Consider multiple-symbol non-comb-1 with staggering structure as positioning reference signal in NR

Proposal 2e-1: The TRS extension for positioning needs to consider the TRS property of 4-symbol spacing between 2 TRS symbols in a slot

Proposal 2e-2: Consider consecutive allocation in symbol for TRS extension for positioning

Proposal 2e-3: Increase TRS symbol position in FR1 to support TRS extension for positioning

Proposal 2e-4: Consider comb-2 and comb-4 structure to support TRS extension for positioning

Proposal 2e-5: Don’t increase additional TRS periodicity, which is longer than 80ms to support TRS extension for positioning

Proposal 2e-6: It is not that all the periodic TRS bursts need to be modified for positioning purpose. For example, TRS periodicity is 20ms and positioning signal has 160ms periodicity

Proposal 2f-1: The on-demand RS design doesn’t need to be subject to TRS property of 4-symbol spacing. The shorter duration for transmission in consecutive symbols is preferred

Proposal 2f-2: The observation range by 1, ½ and 1/3 of symbol time can be considered for on-demand RS

Proposal 2f-3: The comb-2, comb-4 and comb-6 RS structure with staggering can be considered for on-demand RS

Proposal 2g-1: Consider the design that the transmitted RS can facilitate the UE to conduct both the timing search and direction search for RX spatial parameter adjustment. Increase the RS symbol number is one possible solution 

Proposal 2g-2: The direction information of the neighbor cell relative to the reference cell can be provided through the assisted information to facilitate RX spatial parameter adjustment. As such, the direction search is confined within a spatial range

Proposal 2h-1: Study the impact of wide beam and narrow beam in FR2

Proposal 2i-1: There is no need to define the beam ID for seed generation

Proposal 2j-1: Discuss whether the positioning reference signal can also be allocated at the control region to be FDMed with CORESET

Proposal 2j-2: Discuss whether the data transmission can be TDMed with the transmission of positioning reference signal in the same slot, if the RS block duration is shorter

Proposal 2j-3: Discuss whether the staggering pattern needs to be linear increasing or linear decreasing with symbols (LTE PRS is linear decreasing)

Proposal 3a-1: Study the influence of FDSS to the timing measurement accuracy

Proposal 3a-2: The backward compatibility should also be considered seriously for potential development of pi/2 BPSK based SRS

Proposal 3b-1: One or two SRS antenna ports can be considered. The two antenna ports transmission can be through different polarizations

Proposal 3b-2: Consider the increase of the SRS symbol number to 6 with staggering pattern, which is similar to the downlink RS structure
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6 Appendix
It is suggested that in the feature lead summary,
· the discussion points are explicitly stated
· the potential options for each discussion point are listed
· leave the space for each discussion point in the summary document for companies to further comment
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