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Introduction
At RAN4#70bis, link level simulation results for RSTD measurements with PRS transmit diversity were provided in R4-141826. Additional background on the results is provided in R4-143573. This contribution provides a corresponding TP for TR 36.855.
6
Feasibility on downlink Tx diversity for PRS
6.1
General
For studying on the PRS Tx diversity schemes, the following candidates are involved,

1. Antenna switching
Table 6.1-1 antenna switching

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0=sqrt(2)*r
	y0=0

	Antenna #2
	y1=0
	y1=sqrt(2)*r


2. Transmit diversity 1
Table 6.1-2 transmit diversity 1
	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0= r
	y0= r

	Antenna #2
	y1=r
	y1= -r


3. Transmit diversity 2 
Table 6.1-3 transmit diversity 2
	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0= r
	y0= r

	Antenna #2
	y1=r
	y1= r


4. Random antenna switching
For each positioning occasion PRS will be transmitted on one antenna randomly. The antenna transmission scheme is considered unknown to the UE.
Note: r is the positioning reference signal sequence
6.2
Scenarios

For simulation evaluation, the RSTD measurement performance without Tx diversity shall also be provided as benchmark. Thus the scenarios for simulation are summarized as,

· Candidate1: Antenna switching scheme

· Candidate2: Transmit diversity 1

· Candidate3: Transmit diversity 2

· Candidate4: Random antenna switching
· Benchmark: R9 single antenna transmit scheme
6.3
Performance of possible PRS Tx diversity schemes

<Text will be added.>
6.3.1
Simulation assumptions

In this section, the simulation assumptions for PRS Tx diversity evaluation are provided.

· Cell layout

Two cells topology is adopted
•
2 cells at distinct locations

•
 the distances between each cell and target UE are identical
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Figure 6.3.1-1 cell layout

Cell 1 is reference cell and cell 2 is neighbour cell.

· Occasion number

1 or 2 occasions are used to estimate the RSTD between cell1 and cell2. The PRS of cell1 and cell2 are transmitted in these 1 or 2 occasions. 

· PRS BW

PRS BW=10MHz is assumed as a typical case and correspondingly one PRS subframe is within one occasion.
· Transmit antenna assumptions

Antenna #1 and #2 are geographically co-located.
The detailed assumptions are listed in the following table,

Table 6.3.1-1 simulation assumption for PRS Tx diversity

	Parameter
	Value

	Cell layout
	· 2 cells at distinct locations

· the distances between each cell and target UE are identical

	Cell ID scenarios
	(0, 3), 

	Network synchronization
	Synchronous

	Duplex modes
	FDD 

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz 

	Channel model
	The channel model is the same for both cells.
ETU30 (baseline);
Optional channel model:

Urban A, Urban B and Bad Urban profiles of T1P1 [4]

	SINR for two cells, [dB]
	(Reference cell, neighbour cell 1) =(-6,-13)

	Number of transmit antennas
	PRS
	1 or 2

	
	CRS
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS)

	Number of consecutive positioning subframes per occasion
	1

	Number of positioning occasions for an RSTD measurement
	For each transmission scheme:

1 (baseline) 

2 consecutive positioning occasions

2 non-consecutive positioning occasions (odd-numbered positioning occasions)

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6), Tprs=160 ms

	PRS transmission bandwidth
	10 MHz


6.3.2
RSTD Estimation with Diversity

A general structure for TOA estimation with diversity is shown in Figure 6.3.2-1 below, where the diversity system has P branches. The TOA is estimated independently at each diversity branch of the receiver, and then a “combining algorithm” is used to process the TOA estimates from all branches to obtain a desired “optimum” estimate for RSTD calculation.
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Figure 6.3.2-1: General Structure of TOA Estimation with Diversity Techniques. 

A variety of different combining algorithms can be designed for different diversity techniques. Two examples were used for the simulation results in subclause 6.3.3:
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Other possibilities may be to include a weighting factor, where the estimate of each diversity branch is weighted with a coefficient that reflects the quality of the TOA estimation at each branch.

For the simulation results in subclause 6.3.3, P=2 has been used as defined in the simulation assumptions (subclause 6.3.1).

6.3.3
Performance characterization
In this clause the performance gains are evaluated by using link level simulations based on the simulation assumptions in clause 6.3.1. 
6.3.3.1

Link level simulation results
6.3.3.1.1
Link level simulation results (Qualcomm)
The results in this subclause were obtained with the combining method #1 in subclause 6.3.2 (i.e., min. TOA is selected as final TOA for RSTD calculation).
· T1P1 Channel Models 
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Figure 6.3.3.1.1-1: RSTD link level simulation results (Qualcomm)
· ETU Channel Models
High Spatial Correlation:
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Figure 6.3.3.1.1-2: RSTD link level simulation results (Qualcomm)
Medium Spatial Correlation:
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Figure 6.3.3.1.1-3: RSTD link level simulation results (Qualcomm)
Low Spatial Correlation:
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Figure 6.3.3.1.1-4: RSTD link level simulation results (Qualcomm)
6.3.3.1.1.1
Comparison of TOA Estimation Schemes

The following Figures compare the results with combining method #1 and method #2 defined in subclause 6.3.2 (i.e., min. TOA is selected as final TOA and average TOA is selected as the final TOA, respectively) for the Urban A example:


[image: image15]
Figure 6.3.3.1.1.1-1: RSTD link level simulation results (Qualcomm)
(a) Time Diversity Benefit:
The curves “No Diversity” in Figure 6.3.3.1.1.1-1 show the benefit from time diversity; i.e., a single TX antenna is used but two PRS occasions which are combined as described in subclause 6.3.2 above. With combining method #1 (min TOA), a time diversity effect is exploited. The performance is about 1.5 Ts better at the 70th percentile compared to the use of a single PRS occasion. 

Due to the fading, the two TOAs estimated are slightly different, and picking the smallest TOA among the two as a final TOA estimate should provide a TOA as close as possible to the desired line-of-sight TOA.  

With combining method #2 (average TOA), essentially no time diversity benefit is obtained. The “No Diversity” curve in Figure 6.3.3.1.1.1-1  (right hand side) overlap with the result of a single PRS occasion (baseline). The average TOA over two consecutive occasions is (on average) similar to the TOA estimated from a single occasion. 

(b) Antenna Switching Benefit:
With the given channel models, antenna switching does not provide an additional performance benefit compared to the use of a single antenna (“No Diversity”). 

With combining method #1 (Min TOA) the benefit is essentially due to time diversity. With combining method #2 (average TOA), no benefit compared to a single PRS occasion can be obtained (the same as (a) above). 

(c) TX Diversity 1 (Power splitting with sign flip):
This technique shows worse performance compared to no diversity; slightly worse with combining method #1, and considerably worse with combining method #2. With combining method #2, the performance is even worse compared to the base line result with a single PRS occasion. 

In the first PRS occasion, the sum of the two TX signals is used at the receiver; for the second PRS occasion the difference of the two TX signals is used at the receiver. With the given channel models, this means that most of the signal is canceled in the second occasion. With combining method #1, we pick the TOA mostly from the first occasion; with combining method #2, we compute an average TOA, but since the TOA from the 2nd occasion is quite bad (since components cancel due to the 180 degrees phase shift), the final TOA get worse compared to the use of a single occasion. 

With combining method #1, we essentially use the TOA from the first occasion only, and therefore, no additional time diversity. The benefit here comes primarily from space diversity only, where the two TX signals in the first occasion are added from the two antennas. With the given channel models, space diversity alone does not provide the same benefit as time diversity alone. Therefore, the performance with method #1 is worse compared to no diversity (i.e., time diversity only), but still better compared to the baseline with a single PRS occasion only.
(d) TX Diversity 2 (Power splitting):
This technique shows the  best performance in the simulations. Here, in both occasions the signal from the two antennas adds up at the receiver. There are two different TOAs available (compared to a single “good” TOA as in case of TX Diversity 1, where the signal in the second occasion mostly cancel), and by picking the smallest among the two TOAs, both, time and space diversity is exploited. The benefit with combining method #1 is about 2.5 Ts compared to a single PRS occasion at the 70th percentile; and about 1.5 Ts compared to time diversity only (“No Diversity”) at the 70th percentile.

Also with combining method #2, a gain can be obtained, which is however, slightly worse compared to combining technique #1. The average TOA is always more biased than a single selected TOA. 
6.3.3.2
Conclusions from interested companies

	Qualcomm (R4-141826)
	Under the given simulation assumptions and channel models, some TX Diversity schemes can achieve about 1 – 2Ts improvement, if the UE processes the PRS occasions accordingly. E.g., processes nonconsecutive occasions and does not treat each occasion equally for estimating a final TOA to calculate the RSTD. Otherwise, it is possible that TX diversity performs worse compared to no diversity. Processing PRS occasions accordingly require at the UE the knowledge that TX diversity for PRS is being used at the eNodeB. If this is not the case, the PRS should not be transmitted from more than a single antenna. 
The results also show that the performance improvement with TX Diversity depends on the channel model so without channel information at the TX side it may not be possible to obtain any performance gains.
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