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1. Background

Positioning reference signals (PRS) for OTDOA positioning are specified in [1]. However, the specified frequency-time transmission patterns for PRS, especially for the extended CP, have correlation property that may not be sufficiently good for positioning in rich multipath environment or in large cells or in the areas with overlapping cell IDs which tends to become more common in dense network deployments. This problem can be alleviated wih a minor corrections to the PRS patterns as proposed in this paper. The proposal does not impact the specified RAN4 OTDOA requirements, but will provide a valuable positioning performance improvement in “difficult” environments in practice.
2. PRS Autocorrelation
Figures 1 and 2 show the correlator output for extended and normal CP for 5 MHz, respectively, versus time (shown in meters), which show high side lobe peaks, especially for extended CP. 
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Figure 1. Correlator output for PRS defined in 36.211, extended CP.
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Figure 2. Correlator output for PRS defined in 36.211, normal CP.

The auto-correlation properties of PRS can be improved in a hard or soft way, which can be interpreted respectively as slightly modifying the PRS patterns or reshapting the patterns by e.g. controlling the PRS transmit power. The latter would require a possibility to have different power levels on different PRS REs within a symbol, which is not possible with the PRS power requirement specified in 36.213. However, a minor change in PRS pattern is possible without impacting the current RAN4 OTDOA requirements. 
The major problem with the current patterns is the empty carriers and varying PRS RE density over coherently accumulated segments. Given a minor change is allowed, so that the frequency reuse of 6 by symbols is also preserved, a significant improvement could be achieved with a small cyclic shift of a very few columns in the PRS patterns.

The resulting correlation outputs are as shown in Figure 3 and 4 for extended CP and normal CP, respectively. The corresponding adjusted PRS patterns are illustrated in Figures 5 and 6, where squares with ’R6’ are the PRS REs in the currently standardized patterns as defined in [1], squares with dots are the new PRS REs and the crossed squares are the new empty REs. The formar definition of the new PRS patterns is as shown in the Appendix. The proposed changes have only minor impact on RAN1 specification TS 36.211, without affecting any other specification.
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Figure 3. Correlator output for modified PRS, extended CP, one and two PBCH antenna ports.
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Figure 4. Correlator output for modified PRS, normal CP, one and two PBCH antenna ports.
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Figure 5. Proposed corrected PRS pattern, extended CP.
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Figure 6. Proposed corrected PRS pattern, normal CP.
3. Summary
Proposal 1: Agree on the proposed corrected PRS patterns which significantly improve the autocorrelation PRS properties at a minor change and with no impact on the specification, except the pattern correction in [1].
Proposal 2: Send an LS to RAN1 requesting the agreed change. The proposed draft LS is provided in [2].
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Appendix: Corrected PRS patterns
The only correction, compared to the currently standardized PRS patterns [1], is an offset 
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 added in the definition of 
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 as follows, whilst the rest is as specified in TS 36.211.
For normal cyclic prefix:
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Extended cyclic prefix:
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