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1
Introduction

In RAN1#96bis, the following agreement were made relevant to the new 2.5 kHz numerology with 100us CP [1]:
RS patterns for the subframes with Δf = 2.5 kHz shall be chosen based on evaluations. 

· FFS: Extensions or modifications to the modulation and TBS index table in 3GPP 36.213.
In RAN1#97, the following further agreements were made [2]:

Further evaluations should also consider speeds of 150 km/hr in addition to 250 km/hr (which needs to be evaluated as it is required). 

· Results for lower ISDs than 15 km are encouraged

Note: Rel-14 legacy RS patterns and numerologies should be evaluated for the above cases
In line with these agreements, in this contribution, we perform the evaluation of different RS patterns in terms of the spectral efficiency they provide for the following scenarios:

-
ISD of 11 km and 15 km; and

-
speeds of 3 kmph, 120 kmph, 150 kmph and 250 kmph. 
2
System level evaluation 
Figure 1 shows the 95th percentile SNR levels for different values of RS spacing in the frequency domain, Df, for LPLT scenario. Also shown are scenarios with ISD below 15 km, to illustrate the substantial improvement in the SNR for the 2.5 kHz numerology with relatively small ISD reduction for LPLT scenario.  
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Figure 1 – 95th percentile SNR for 2.5 kHz numerology for LPLT scenario with varying ISDs

Observation 1: 95th percentile SNR improves substantially with relatively small reduction in ISD w.r.t. 15km.

For the link level evaluation, we will use the ISD of 15km and 11km. 
3
Link level evaluation of RS patterns
Figure 2 and Figure 3 show the spectral efficiency for the 2.5 kHz numerology for ISD = 11km and ISD = 15 km, respectively. The spectral efficiency is shown for four different speeds: 3 kmph (fd = 2Hz), 120 kmph (fd = 63Hz), 150 kmph (fd = 78Hz) and 250 kmph (fd = 163Hz).  
[image: image2.png]95% SE for 100us CP, ISD = 11 km

230
2.10
1.90
170
1.50

1.30

bps/Hz

1.10
0.90
0.70

0.50
Df=2Dt=2 Df=3Dt=2 Df=4Dt=2 Df=2Dt=4 Df=3Dt=4 Df=4Dt=4

«=@=3 kmph 1.98 1.98 164 214 1.98 164
==@=120 kmph 164 164 153 141 1.30 114
==@=150 kmph 164 153 141 1.30 0.99 0.88
==@==250 kmph 153 153 141 0.88 0.62 0.52




Figure 3 – Spectral efficiency for ISD = 11 km
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Figure 2 – Spectral efficiency for ISD = 15 km
Observation 1: The spectral efficiency is sensitive to the ISD. Going from 15 km ISD to 11 km ISD improves the SE by up to 50%. At 11 km ISD, the SE is above 1.5 even at 250 kmph.

Observation 2: Df=2/Dt=2 performs substantially the same as the legacy pattern Df=3/Dt=2.

Observation 3:  Df=2/Dt=4 provides performance improvement wr.t. legacy pattern for stationary users (gain of 10% for 3kmph) but offers degraded performance in high speed scenarios (loss of 40% for 250kmph).
Specifying a new RS pattern would create complexity from the standardization and implementation perspective. Having in mind the limited gain provided by the new patterns, it is preferable to use the legacy pattern Df=3/Dt=2. This allows the UE to e.g. reuse channel estimation/interpolation algorithms from legacy implementation.
Observation 4: Specifying new patterns would create complexity from the standardization and implementation perspective.

Proposal 1:  For 2.5kHz numerology, Df=3/Dt=2 is selected as the RS pattern.
4
Conclusion

The observations and proposals are summarized below:

Observation 1: The spectral efficiency is very sensitive to the ISD. Going from 15 km ISD to 11 km ISD improves the SE by up to 40%. At 11 km ISD, the SE is above 1.5 even at 250 kmph.

Observation 2: Df=2/Dt=2 performs the same as the legacy pattern Df=3/Dt=2.

Observation 3:  Df=2/Dt=4 provides performance improvement wr.t. legacy pattern for stationary users (gain of 10% for 3kmph) but offers degraded performance in high speed scenarios (loss of 40% for 250kmph).

Observation 4: Specifying new patterns would create complexity from the standardization and implementation perspective.

Proposal 1:  For 2.5kHz numerology, Df=3/Dt=2 is selected as the RS pattern.
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