3GPP TSG RAN WG1 Ad Hoc meeting for Channel Model
    R1-161743
Ljubljana, Slovenia, March 14-16, 2016
Agenda Item:
8
Source:
Huawei, HiSilicon
Title:
Considerations on link level model for high frequency spectrum up to 100 GHz
Document for:
Discussion and decision 
1 Introduction

At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The aim is to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum up to 100 GHz. At the RAN1#84 meeting, channel modeling requirements were discussed and agreed in [2].
Contribution [3] presented in the Ljubljana meeting proposed a set of link level channel models for RAN1 link level simulations. However, it is not clear how to extend those models to higher frequency, wider bandwidth, and larger antenna arrays. This contribution provides discussion on the limitation of wider bandwidth of the proposed models in [3]. 
2 The capability of bandwidth 
In the real world, the channel is time continuous, but the continuous model is a little useless in signal processing. We need to convert that channel into a discrete-time model. We take the sampling theorem and represent the channel by a sequence of the samples at integer multiples of 1/W. Here W is the bandwidth. Then wireless communication system can be denoted by
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where h[m] denotes the discrete-time channel, y[m] denotes the output signal, x[m] the input signal. The formula (1) represents the channel by a FIR filter and hl[m] is the lth filter tap at time m. The classical FIR model is the tapped delay-line model, which is shown in Figure 1. The tap hl represents the response corresponding to delay of Δτl. Theoretically, the space between two adjacent samples is 1/W, and the length of the filter Δτl is determined by the maximum delay spread of the multi-path, in order to re-construct the channel. The number of taps is in proportion to the product of bandwidth and maximum delay spread of the channel. But it will cause a great number of taps, e.g. 100 taps for 20MHz bandwidth and the ETU channel with 5000ns maximum delay spread. In the link simulation, since the large percentage of computation burden stems from simulating fading channel, a model with 100 taps will significantly increase the complexity of simulation. So the number of taps must be minimized [4]. 


[image: image2]
Figure 1 tapped-delay line model for discrete channel

Obviously, to limit the tap number, we can only take a few of significant delay taps with power levels beyond the threshold into account and neglect the weak paths. Thus we will obtain a delay-line FIR based channel model with sparse samples. For wide band system such as LTE and New RAT, the resolution is in proportion to bandwidth. Sparsely spaced taps implies the poor resolution. It will cause a problem, which is a little similar to inserting zeroes between two samples during an interpolating operation. 

Figure 2 shows the problem. The zero-insertion will not only cause the re-occurrence of the spectrum peaks of the waveform, but also cause the alias of the spectrum compared with the spectrum of waveform sampled at the Nyquist sampling rate. Although the channel response is modeled as random process instead of deterministic signals, the phenomenon is quite similar. Since up to 20 MHz bandwidth options are supported in E-UTRA, it is shown that a FIR-filter based tapped delay line with the delay profile designed for UTRA, i.e. 5MHz system, with a low sampling resolution also implies that the resulting power spectrum (in some documents also called frequency correlation property) will exhibit periodic behaviour. That means the old propagation models, including Pedestrian A (PA), Pedestrian B (PB), Vehicular A (VA), Vehicular B (VB), and Typical Urban, cannot be directly used for LTE performance requirements. Similarly, The EPA, EVA, ETU in TR 36.104 cannot be directly used for 100 MHz in 5G performance evaluation. 
[image: image3.png]



Figure 2 Waveform and frequency power spectrum of zero-insertion: top left is the waveform after inserting zeros, bottom left is the waveform at 1/W sampling rate; their corresponding spectrum are on the right side

Reference [4] gives a more clear view, as shown in Figure 3. If the TU (Typical Urban) 6-tap model is directly used for E-UTRA with 20MHz bandwidth, the peaks will re-occur every 10MHz. It implies that the channel response in baseband for the carrier around 0Hz is strongly correlated with the response around 10MHz, i.e. the channels undergone by these two carriers are quite similar. Therefore some loss will be incurred such as the loss of frequency diversity gain for the allocated channel with 20MHz bandwidth, since the upper half and lower half of the carriers in the band undergo almost the same fading. 
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Figure 3 Frequency spectrum of 3GPP Typical Urban and the new ETU model
In a sum, the reason behind poor behavior of the power spectrum/frequency correlation function of the existing channel model, such as TU, VA and PA, is that the distance between the taps is quite large and the resolution is quite poor. Similarly, the deficiency of low resolution of EPA, EVA, ETU in TR 36.104 also exists. Let’s take the ETU model as an example. The delay values in Table 1 are multiples of 10 ns which means that the bandwidth is < 100 MHz.
Table 1 Extended Typical Urban model (ETU)

	Excess tap delay [ns]
	Relative power [dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0


Those models cannot be used for 100 MHz in 5G performance evaluation. To solve this, the resolution has to be improved. That means some additional taps have to be inserted.

Observation 1: The EPA, EVA, ETU in TR 36.104 cannot be directly used for 100 MHz in 5G performance evaluation because of low resolution of the tapped delay line.
Observation 2: To support 100 MHz or more bandwidth, some additional taps should be inserted to the EPA, EVA, ETU in TR 36.104.
Proposal 1: To support 100 MHz or more bandwidth, some additional taps should be inserted to the EPA, EVA, ETU in TR 36.104. And it should be studied how to design the coefficient level of the added taps.
3 The capability of large antenna array 

Let’s also take the ETU model as an example. The Doppler spread is classical,
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, which assumes uniform AoA.

The correlation matrices are defined for different MIMO configurations as shown below.

	1x2 case
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	2x2 case
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	2x4 case
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	4x4 case
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4x4 case requires already a 16x16 MIMO correlation matrix. In RAN plenary, the number of BS antennas under discussion are 64, 128, and even 256. The number of UE antennas is 8, 16, 32. However, there is no consensus on the highest numbers yet. If we take the lowest numbers, i.e. 64 for BS, 8 for UE, it would lead to 512x512 MIMO matrix having 262 144 elements. It is not easy to specify that in 3GPP documents. Also, ensuring positive semi-definite matrix with somehow realistic correlation values may be a challenge as well. Additionally, the above matrices show interesting result: 2x2 case has 0.81 correlation between the most distant channels. 4x4 has the same correlation. It is unclear where the additional antennas are put in. 
Proposal 2: For the EPA, EVA, ETU in TR 36.104, their capability for large antenna array should be studied.
4 Conclusions
With the discussion above, we have observations,

Observation 1: The EPA, EVA, ETU in TR 36.104 cannot be directly used for 100 MHz in 5G performance evaluation because of low resolution of the tapped delay line.

Observation 2: To support 100 MHz or more bandwidth, some additional taps should be inserted to the EPA, EVA, ETU in TR 36.104.
We propose that,
Proposal 1: To support 100 MHz or more bandwidth, some additional taps should be inserted to the EPA, EVA, ETU in TR 36.104. In addition, it should be discussed how to design the coefficient level of the added taps.
Proposal 2: For the EPA, EVA, ETU in TR 36.104, their capability for large antenna array should be studied.
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