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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]:

The legacy set of TBS values is the starting point for defining the set of TBS values for subframes with Δf = 2.5 kHz.

· FFS: Additional TBS values

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 this contribution, we perform the evaluation of different RS patterns in terms of the spectral efficiency they provide. In Section 2, we provide the results of the system level evaluation. In Section 3, we provide the link level evaluation results and the resulting spectral efficiency. In Section 4, we summarize the observations and provide proposals for the way forward.
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. Table 2 shows the rmsDS values obtained from the system level simulation, that are used in the link level evaluation.

	ISD
	rmsDS (microsecs)

	11
	16

	15
	20


Table 1 – rms DS obtained from system level simulations
3
Link level evaluation of RS patterns
Table 2 shows the maximum supported TBS and the corresponding spectral efficiency for the 2.5 kHz numerology. 
	ISD (km)
	Df
	Dt
	95% SNR (dB)
	max TBS @ 3kmph
	max TBS @ 250 kmph
	SE @ 3kmph (bps/Hz)
	SE @ 250 kmph (bps/Hz)

	11
	2
	2
	18
	18336
	15264
	1.83 (Note)
	1.53

	11
	2
	4
	18
	18336
	7992
	1.83 (Note)
	0.80

	11
	3
	2
	17.5
	18336
	15264
	1.83 (Note)
	1.53

	11
	3
	4
	17.5
	18336
	6200
	1.83 (Note)
	0.62

	11
	4
	2
	16.4
	16416
	14112
	1.64
	1.41

	15
	2
	2
	13.5
	14112
	9912
	1.41
	0.99

	15
	2
	4
	13.5
	15264
	6200
	1.53
	0.62

	15
	3
	2
	12.8
	14112
	9912
	1.41
	0.99

	15
	3
	4
	12.8
	14112
	5160
	1.41
	0.52

	15
	4
	2
	12.1
	12960
	7992
	1.30
	0.80


Table 2 – spectral efficiency for the 2.5 kHz numerology
Note: Due to time constraints, not all simulation work could be completed: it is expected that there would be a differentiation in the maximum supported TBS between Dt2 and Dt4 and high SNR levels.

Figure 3 shows the maximum supported TBS with Df2/Dt2 pattern vs. Df2/Dt4 pattern at different speeds (the two lines with bold font in Table 2). We observe that, at 3kmph, Df2/Dt4 pattern outperforms Df2/Dt2. However, at 250kmph, Df2/Dt2 performs better than Df2/Dt4. 
[image: image2.emf]9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

 

[

%

]

ISD = 15 kmph, rmsDS = 20us

Df2/Dt2, TBS 14112, 3kmph

Df2/Dt4, TBS 15264, 3kmph

Df2/Dt2, TBS 9912, 250kmph

Df2/Dt4, TBS 6200, 250kmph

95% SNR level


Figure 2 – Link level impact of the RS pattern
We also observe from Table 2 that Df2/Dt2 pattern performs the same as the Df3/Dt2 pattern. 

Observation 2: At low mobility, Df2/Dt4 pattern outperforms Df2/Dt2. At high mobility (250kmph), Df2/Dt2 performs better than Df2/Dt4.

Observation 3: Spectral efficiency of the 2.5 kHz numerology increases by 30% at ISD =11 km w.r.t. ISD of 15 km at low mobility, and by more than 50% at high mobility.
Proposal 1: RAN1 to consider the effect of different target ISD (and corresponding target SNR) and target speeds when designing the RS pattern for 100us CP.
4
Conclusion

The observations and proposals are summarized below:

Observation 1: 95th percentile SNR improves substantially with relatively small reduction in ISD w.r.t. 15km.
Observation 2: At low mobility, Df2/Dt4 pattern outperforms Df2/Dt2. At high mobility (250kmph), Df2/Dt2 performs better than Df2/Dt4.

Observation 3: Spectral efficiency of the 2.5 kHz numerology increases by 30% at ISD =11 km w.r.t. ISD of 15 km, and by more than 50% at high mobility.
Proposal 1: RAN1 to consider the effect of different target ISD (and corresponding target SNR) and target speeds when designing the RS pattern for 100us CP.
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