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1 Introduction

Part of the objective of the SI on indoor positioning enhancements [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]
It has been agreed in RAN1#80bis that for evaluation purpose only, potential enhancements related to PRS include following candidates

· Enhanced positioning reference signals
· More dense PRS in time domain
· New PRS pattern
· PRS transmission enhancements for the same PCI case
In this contribution, we discuss more details related to the first two candidates listed above. The part of PRS enhancement for the same PCI case is discussed in a companion paper [4].  In addition, the enhancement to PRS muting pattern is also included. 
2 Enhanced PRS pattern
We consider enhanced PRS pattern from the following aspects: 
· New PRS pattern with frequency shifts
· Backward compatibility issues in connection to denser PRS in time domain
2.1 New PRS pattern with frequency shifts 
In the previous contribution [5], we have shown that the current time-frequency PRS patterns defined in Rel.9 have periodical strong side-lobes in auto-correlation. For rich-multipath scenarios, in particular indoor environments, those side-lobes may lead to potential errors when the receiver carries out TOA estimation. Therefore, the new PRS pattern shall have improved correlation properties that are beneficial for indoor positioning.
Further, in current specification, a set of frequency shifts are applied to the pre-defined PRS patterns to obtain a set of orthogonal patterns. This can efficiently reduce interference on PRS and thus improve positioning measurements. With a frequency reuse factor of 6, the frequency shift is defined as a function of PCI:
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And the frequency shift is applied to all continuous PRS subframes in one occasion, that is, the given pattern is simply repeated. However, for indoor scenarios, particularly those of dense small-cell scenarios, the probability that the PRSs of two neighbour cells collide and interfere with each other, increases significantly. In general, even with configured PRS muting, such interference could become severe when the number of neighbour/nearby cells is far more than the frequency reuse factor of 6. Hence, for the dense indoor deployments, it is desirable to define more available PRS patterns to improve the hearability.  
Proposal 1: The new PRS patterns shall have improved correlation properties and provide more time-frequency pattern combinations. 
To achieve the above objective, we consider a new type of “frequency-shift” PRS patterns that have different frequency shifts across subframes in a positioning occasion. The frequency shift can be associated to the subframe number in the same occasion. As an example, Figure 1 illustrates an example generating new RE mapping via frequency shift of existing PRS pattern over three subframes. It can be seen that, instead of repeating PRS pattern in each subframe of one poisoning occasion, the new PRS pattern in one subframe applies a frequency shift relative to the previous subframe.  Largely reusing existing PRS pattern has the benefit of requiring little or no additional UE receiver complexity.
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Figure 1. Example of using frequency-shift pattern as new PRS

Next, we also consider utilizing frequency shift to generate more available time-frequency patterns. It is noted that, the size of the set of available time-frequency patterns should be limited to a reasonable number so that there is no significant complexity increase for UEs to understand which pattern is being used. For example, we assume that a set of 12 patterns (combinations) is supported for a positioning occasion with 3 subframes. One example of generating new patterns is illustrated in Figure 2. It can be seen that the first subframe is identical to the legacy pattern that is based on PCI. In the following subframes, the frequency shift is generated by a function based on PCI and SFN. Compared to Figure 1, to create additional patterns, the example shown in Figure 2 applies the frequency shift in an opposite direction for the cells with odd-number PCI. Obviously this is a simple example, and more sophisticated ways to apply frequency shifts can be designed.   

[image: image3]
Figure 2. An example of pattern generation by applying different frequency shifts to the cells with even- and odd-number PCI.  

In general, the set of available frequency-shift patterns can be expanded to a bigger but reasonable size, e.g. 24 or 48 for the positioning occasion with consecutive 6 subframes.  The function for generating frequency shifts in the general case is flexible and is known to both eNB and UEs. The advantage of the frequency-shift patterns is that there is no explicit signalling needed for indicating the patterns and it requests negligible extra computation or processing need at UE side. 
Proposal 2: Define frequency-shift patterns across subframes as a function of PCI and/or SFN. 
2.2 Backward compatibility 

With the new PRS patterns, backwards compatibility needs to be ensured, that is, legacy UEs can still operate on the legacy PRS patterns. If, instead, the eNB replaces the existing PRS with a new PRS pattern, legacy UE is not able to utilize the PRS sent from such eNB. To keep backward compatibility, the PRS enhancement should be additions to the existing PRS, such that legacy UEs can carry out positioning based on legacy pattern and new UEs can achieve better positioning performance based on enhanced PRS pattern. The enhanced PRS may include the legacy PRS as a component.   
Proposal 3: The backward compatibility should be guaranteed when introducing the new PRS pattern.

The new PRS pattern can be added in time domain, where the new PRS spans additional subframes. As an example shown in Figure 3, coexistence of legacy and new PRS can be realized by putting them in the adjacent subframes so that they constitute a continuous, expanded PRS occasion. The proposed addition of new PRS is transparent to legacy UEs, whereas the enhanced UEs are able to make use of both legacy and new PRS in the expanded occasion. The scheduling of the new PRS transmission, as illustrated in Figure 3, may be easily realized by a new PRS configuration index that provides the subframe offset relative to legacy PRS. 
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Figure 3. Illustration of coexistence of legacy and new PRS in one positioning occasion.

Proposal 4: The new PRS patterns can be used together with legacy PRS in time domain to form an enhanced PRS occasion. 
Furthermore, in one such positioning occasion, the number of legacy PRS subframes and that of new PRS subframes can be configured dynamically. We consider two options for the configuration:
· Option 1: the maximum total number of subframes containing legacy PRS or the new PRS in one positioning occasion is limited to 6 (i.e. the maximum number of PRS subframes in current specification). As shown in Figure 3, this positioning occasion is composed of 3 legacy PRS subframes and 3 new PRS subframes. In the extreme case, one positioning occasion may be configured to have only new PRS or legacy PRS. Hence, in the time domain, the positioning occasions can be categorized into: mixed occasion, legacy occasion and complete new occasion. Note that, the maximum overhead for PRS does not increase compared to the maximum PRS overhead in legacy system in this option. 
· Option 2: Same dynamic configuration as Option 1 but the maximum number of subframes in one positioning occasion may exceed 6. If required, more subframes can be allocated for positioning to improve positioning performance. 
Proposal 5: In the enhanced PRS occasion, subframes containing new PRS are configured together with subframes containing legacy PRS. 
3 PRS muting pattern
PRS muting was introduced to the specification to reduce the PRS interference between the cells sharing the same PCI. It is critical particularly for the dense indoor scenarios where such interference can be so severe that the PRS hearability is significantly degraded without proper muting pattern. In the specification, it allows to apply a periodic muting pattern to each cell on top of the PRS transmission. The muting pattern can be of different lengths, represented by a bit string with 1, 2, 4, 8, or 16 bits. 
When transmitting PRS, the orthogonality between cells is realized by the frequency shifts that are based on PCI and have a reuse factor of 6 in a subframe. This means that the cells with PCIs that differ with a multiple of 6 transmit PRS on the same time-frequency grid when configured to transmitting PRS in the same subframe. 
For those interfering cell pairs, a proper muting pattern is useful to reduce the interference.  Note that the muting pattern is calculated individually for each cell. Thus, it is desirable to calculate the muting pattern based on PCI while considering the need of PRS pattern orthogonality in time. For example, every set of 6 adjacent PCIs could have the same muting pattern since they will not interfere with each other. By taking into account the frequency orthogonality between cells jointly with PRS muting, the risk of interference is reduced substantially. 
In Figure 5, it is illustrated that four orthogonal muting patterns are applied, where close-by cells of the same mod(PCI, 6) offset use orthogonal muting pattern. In figure 4, {black square, black dot, black triangle, black star} each denote a different, orthogonal muting pattern.
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Figure 5. Illustration of a four-bit muting pattern applied to potentially interfered cells.

Proposal 6: Configuration of muting pattern shall take into account PCI and the frequency orthogonality between cells. 

4 Conclusions
In this contribution we have discussed potential PRS enhancements, and have the following proposals:

Proposal 1: The new PRS patterns shall have improved correlation properties and provide more time-frequency pattern combinations. 

Proposal 2: Define frequency-shift patterns across subframes as a function of PCI and/or SFN. 

Proposal 3: The backward compatibility should be guaranteed when introducing the new PRS pattern.

Proposal 4: The new PRS patterns can be used together with legacy PRS in time domain to form an enhanced PRS occasion. 

Proposal 5: In the enhanced PRS occasion, subframes containing new PRS are configured together with subframes containing legacy PRS. 

Proposal 6: Configuration of muting pattern shall take into account PCI and the frequency orthogonality between cells. 
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