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1 Introduction

In RAN1#86, the following was agreed for PRS-based TBS [1]:
· Additional PRS configurations for PRS-based TBS:
· Specify the number of consecutive downlink subframes NPRS with positioning reference signals as an integer between 1 and 160 subframes.
· Specify additional PRS configuration indices IPRS, as follows:

	PRS configuration Index 
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	2555-4095
	Reserved


· Specify additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.

· PRS-only TBS Transmission Points (TPs):

· For the purpose of RSTD measurements from a PRS-only TBS TP, a UE shall not assume any other signals or physical channels are present other than PRS.

· Add an indicator in the OTDOA assistance data which indicates that assistance is provided for a PRS-only TBS TP.
While some configurations in terms of PRS transmission of PRS-based TBS has been decided above, in this contribution we discuss one relevant PRS pattern design alternative which is a subframe-based variation of frequency shift. 
2 PRS pattern
As pointed out in the past contribution [3], with a frequency reuse factor of 6 and the frequency shift of the legacy PRS pattern defined as a function of PCI: 
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The probability that the legacy PRSs of two neighbour cells collide and interfere with each other increases significantly for indoor scenarios due to the limited number of frequency shifts. This issue also limits the performance of PRS muting that is as well configured based on PCI. Therefore, the PRS patterns for TBS should be designed in the manner that the dependence on PCI is lowered. 
Proposal 1:
To have lower PCI dependency for the PRS pattern for TBS compared to legacy PRS patterns.

2.1 New PRS pattern for TBS with subframe-based frequency shifts 
To achieve the above objective, a new PRS pattern design for TBS with subframe-based frequency shifts is considered. Within one positioning occasion, instead of repeating PRS pattern in each subframe, the new PRS pattern in one subframe applies a fixed or non-fixed frequency shift relative to the previous subframe. As an example, Figure 1 illustrates the case generating new RE mapping via frequency shift of existing PRS pattern over three subframes. For legacy PRS, cell PCI 0 and cell PCI 6 would have the same pattern index and therefore suffer from interference due to PRS overlapping in frequency. Now, different relative frequency shifts, shift 1 and 2 (relative to previous subframe) are applied to cell PCI 0 and cell PCI 6, relatively such that the interference can be reduced. Obviously this is a simple example, and more sophisticated ways to apply frequency shifts can be designed.   Note also that CRSs are included in the RE mapping to stress that the PRS pattern can be used in combination with CRS from an eNB as well. 
The relative frequency shifts applied to individual cells are configured at the E-SMLC. Such configuration information is available at eNBs and UEs by either explicit signalling or implicitly, the frequency shift is generated by a mutually understandable function based on PCI or TP ID and other system parameters such as SFN. By configuring the frequency shift, the size of the set of available time-frequency patterns can be limited to a reasonable number. 

We also note that the first subframe in one positioning occasion is identical to the legacy pattern that is based on PCI. This is beneficial for legacy UEs to read at least one PRS subframe when necessary, even though it can be a positioning occasion with only new PRS patterns. More backward compatibility issues will be discussed in the next section. 
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Figure 1: An example of pattern generation by applying different relative frequency shifts. 
Proposal 2:
Subframe-based frequency shifts PRS design as an alternative PRS pattern.

2.2 Backward compatibility 

With the new PRS patterns for TBS, backwards compatibility needs to be ensured, that is, legacy UEs can still operate on the legacy PRS patterns also from PRS-based TBS, while new UEs can benefit from better performance. To keep backward compatibility, the PRS enhancement should be additions to the existing PRS in some subframes, 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 PRS pattern considered for TBS can be backward compatible.  
The new PRS pattern can be added in time domain, where the new PRS spans additional subframes. As an example shown in Figure 2, 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 2, 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.
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 2, this positioning occasion is composed of 3 legacy PRS subframes and 3 new PRS subframes. In the extreme case, particularly, 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 4:
The new PRS patterns for TBS can be configured to partly consist of legacy PRS in time domain.
3 Conclusions
In this contribution we have discussed potential PRS enhancements, and have the following proposals:

Proposal 1:
To have lower PCI dependency for the PRS pattern for TBS compared to legacy PRS patterns.
Proposal 2:
Subframe-based frequency shifts PRS design as an alternative PRS pattern.

Proposal 3:
The PRS pattern for TBS can be backward compatible.  
Proposal 4:
The new PRS patterns for TBS can be configured to partly consist of legacy PRS in time domain.
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