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1	Introduction
[bookmark: _Ref178064866]For TOA estimation, the quality of the estimate depends strongly on the following parameters:
· Bandwidth of the transmitted PRS
· Sequence correlation properties
· Orthogonality between transmitted signals (cells or beams)
· Total energy of the transmitted/received signals used for one position estimation
· Total energy of the transmitted/received signals within the coherence time of the channel
· [bookmark: _Hlk534989856]Range properties related to side peaks in the autocorrelation function of the signal 
· Positioning overhead
The quality of the positioning estimate has to be balanced against the cost to achieve it, primarily in the form of the fraction of the time used for positioning rather than for communication, i.e. the positioning overhead. In the subsections below, we discuss these criteria in more detail.
2	Design parameters for DL positioning reference signals
2.1	Sequence correlation properties
When an interfering signal is of the same order of magnitude (or smaller) as the signal used for the TOA estimation then the processing gain achieved by using different sequences for different signals is typically sufficient and complete orthogonality is not necessary. In order to maximize this type of interference suppression the sequences used should be selected carefully to have the best correlation properties. In some scenarios, e.g. with large numbers of beams there may also be a need for a rather large number of different sequences and a corresponding large number of initialization bits. Clearly, this type of details should be studied and specified in the work item phase.
1. [bookmark: _Toc535002585][bookmark: _Toc1164781][bookmark: _Toc5019276]When dealing with interfering signal of the same order of magnitude as the measured TOA signal, a careful choice of sequences to be used within a position computation operation should minimize the interference between these sequences.
[bookmark: _Toc1164902]The sequence and sequence initialization to utilize for a potential new NR positioning reference signal should be evaluated in terms of correlation properties before being specified.
2.2	Orthogonality
When an interfering signal is much stronger than the signal used for the TOA estimation, as is often the case for an interfering signal from the serving cell when measuring the TOA to a site that is far away, then the processing gain achieved by the sequence is not enough and orthogonality is required between the signals to allow accurate TOA estimation.
Orthogonality can be achieved e.g. by multiplexing signals in frequency and/or time. A kind of de facto orthogonality between different estimated Channel Impulse Responses (CIRs) can also be achieved by using a Single Frequency Network (SFN) with deliberate delays/cyclic shifts, as is further explained in 3.6.2.
When orthogonality is achieved by time multiplexing M signals transmitted from different transmission points, this means that the number of symbols utilized in each transmission point is M*S where S is the number of symbols utilized for one signal. This is clearly a serious cost in terms of resource utilization.
Similarly, when orthogonality is used to frequency multiplex N signals transmitted from different transmission points, this means that the number of subcarriers utilized in each transmission point is N*C where C is the number of subcarriers utilized for one signal. This is not so critical if we can power-boost the signal with a linear factor N to utilize the full output power of the gNB. The amount of power boosting possible may, however, be limited by RAN4 aspects like clipping and regulatory requirements. Note also that even for a large N we can still spread the subcarriers over the full bandwidth to get a large bandwidth signal which is beneficial for the TOA estimation. 
Thus, to achieve a certain reuse R=M*N, the choice of M and N needs to be considered carefully. A large M value will come with a very high cost in terms the number of symbols/slots utilized per time unit for positioning. A very high N value, may on the other hand result in that we can’t utilize the full output power of the gNB and thus in reduced coverage for the positioning signal.
[image: ]
Figure 1 Power boosting
2.3	Energy
Increasing the bandwidth of the transmitted signal increases the TOA accuracy, also when the total transmitted power is kept constant, so that the SNR is reduced. For a given bandwidth, the total energy of the signal used for one positioning estimate is obviously crucial for the coverage of the positioning signal and since the positioning signals must be heard far beyond the serving cell, this is clearly a critical factor for positioning. 
Assuming that the full output power is utilized for the positioning signal, the energy of the signal is proportional to the number of symbols utilized for the signal. However, if the full output power cannot be utilized, e.g. because the signal doesn’t utilize all subcarriers and power-boosting is limited, that will clearly reduce the energy of the signal.
When the OFDM symbols are distributed in time more than the coherence time it becomes less efficient to combine such separated symbols, so the total energy cannot be as efficiently exploited in this case as when all symbols are within the coherence time. When all symbols are within the coherence time these may be coherently combined, with a corresponding SNR increase, whereas when symbols are more separated than the coherence time, like in different PRS occasions, a less efficient non-coherent combining will result in a lower SNR gain, or may require other types of combination, such as e.g. estimating the earliest peak within each occasion separately and then from these estimated TOA positions derive a global TOA estimate, e.g. by taking the minimum or average of these values. For the design of PRS signals it is therefore preferable to have relatively long occasions of consecutive symbols, but repeated less often, rather than having more frequent occasions with fewer consecutive (or closely spaced) symbols in each occasion, for the same overall resource utilization.
Observation 3	It is preferable to have relatively long occasions of consecutive symbols, but repeated less often, rather than having more frequent occasions with fewer consecutive (or closely spaced) symbols in each occasion, for the same overall resource utilization.
2.4	Range
Signals that don’t utilize all subcarriers, when multiple OFDM symbols  are taken into account (staggering) or use different power for different subcarriers typically have side peaks in their auto-correlation function. These side peaks may be mis-detected as peaks corresponding to a channel tap, and may thus result in an erroneous TOA estimate. As an example the side peaks of a comb-N signal are located at intervals of  on each side of the main peak with progressively smaller amplitudes  as compared to the main peak. This may create a problem if TOA estimates needs to be performed for transmission points that are further away than  , where c is the speed of light. As an example the range distance is 5000m for a comb-4 signal with 15kHz subcarrier spacing. This clearly allows for large inter site distances. However, a non-staggered comb-4 signal with 120kHz subcarrier spacing has 625m range distance which clearly limits the inter site distance. On the other hand, 120kHz subcarrier spacing is used at high frequencies where inter site distances can be assumed to be smaller. Clearly the range of a signal needs to be considered depending on the scenario and in particular the inter site distance.
Table 1 The range distance for comb signals at different subcarrier spacing.
	Comb:
	1
	2
	4
	6
	12

	SCS  [kHz]
	Range [m]
	Range [m]
	Range [m]
	Range [m]
	Range [m]

	15
	20000
	10000
	5000
	3333
	1667

	30
	10000
	5000
	2500
	1667
	833

	60
	5000
	2500
	1250
	833
	417

	120
	2500
	1250
	625
	417
	208

	240
	1250
	625
	313
	208
	104



2.5	Positioning overhead
The main cost for the positioning signal is the time that has to be utilized for positioning rather than for communication measured e.g. in number of symbols utilized per time unit. Clearly, in order to have a fair comparison between different positioning signals, it’s necessary that the comparison is made at the same cost in fraction of time utilized for positioning.
It’s also natural to assume that the TOA estimates are made with the same periodicity for all signals so that the layer-1 latency is the same. Combined with the assumption on equal overhead, this means that for a fair comparison between different signals the number of symbols utilized for one positioning estimate should be the same, say N symbols, for all signals.
Typically the positioning signals come in a number of periodic occasions, where each occasion is one or a few slots long and utilizes a fixed number of symbols M. Depending on the number of symbols M per occasion for a given signal, each positioning estimate should thus be based on N/M occasions.
One may note that the occasion periodicity for a signal will then be inversely proportional to the number M of symbols utilized in one occasion.
Considering the more efficient combination of OFDM symbols that can be made, when these appear within the coherence time, it is more efficient with less frequent but bursty transmission of PRS than with more frequent transmission of shorter bursts, which cannot be combined equally well.
[bookmark: _Toc1164782][bookmark: _Toc5019277]For comparison purpose, PRS candidates should have the same overhead and layer-1 latency
The re-use of signals that are anyway transmitted for communication purposes also for positioning (e.g. the TRS), clearly have no positioning overhead at all. Such candidate signals are clearly superior to all other signals as long as they fulfill positioning requirements in a given scenario.
[bookmark: _Toc1164783][bookmark: _Toc5019278]The re-use of signals that are anyway transmitted for communication purposes also for positioning (e.g. the TRS),  have no positioning overhead at all. Such candidate signals are superior to all other signals as long as they fulfill positioning requirements in a given scenario.

Conclusion
In the previous sections we made the following observations: 
Observation 1	When dealing with interfering signal of the same order of magnitude as the measured TOA signal, a careful choice of sequences to be used within a position computation operation should minimize the interference between these sequences.
Observation 2	For comparison purpose, PRS candidates should have the same overhead and layer-1 latency
Observation 3	The re-use of signals that are anyway transmitted for communication purposes also for positioning (e.g. the TRS),  have no positioning overhead at all. Such candidate signals are superior to all other signals as long as they fulfill positioning requirements in a given scenario.
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