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1	Introduction
Under the Rel-13 high speed SI [1], BS performance is under evaluation.  In the last RAN4 meeting, there were some agreements on the new BS demodulation performance.  The agreements from the HST ad-hoc meeting on BS demod are copied here [2]:
· The new BS demodulation performance requirements are agreed to introduced, the following test setup could be considered
· Propagation condition:ETU600Hz
· Antenna configuration: 1x2 Low;
· MCS for further evaluation
· Option 1: 1/3 QPSK;
· Option 2: 1/2 16QAM.
· The requirement will be optional;
In this paper, we re-investigate the limiting factors for LTE system under high speed.  The understanding of the limiting factors of LTE high speed performance would make it easier to specify high speed performance for both LTE uplink and downlink.  Please be noted that legacy RAN4 specifications have defined uplink high speed performance with HST and ETU300 channels.  
This contribution provides analysis on the two major limiting factors for LTE under high speed scenario.  The two factors are ICI and channel estimation performance.  Some analytic results are provided as guidance for potential specification for new performance requirements.

2	Limiting factors for high speed performance
There are two major limiting factors for high speed performance for LTE system.   For high Doppler shift due to high speed and higher carrier frequency (fc > 2.6GHz), inter-carrier interference (ICI) will become severe and the ICI impact should be considered.  The second limiting factor is the receiver’s capability to track Doppler shift with reasonable channel estimation performance.  These two major issues determine link performance under high speed scenarios for both uplink and downlink.

2.1	ICI
For OFDM system, when the channel is varied in one OFDM symbol, subcarriers will no longer be orthogonal.  This loss of subcarrier orthogonality causes inter-carrier interference (ICI).  Usually, the system design uses sufficient subcarrier spacing to mitigate potential ICI.  The LTE system design (15kHz subcarrier spacing) ensures small inter-carrier interference at reasonable Doppler shifts to meet the speed requirement between base station and UE.  As the channel’s variation becomes significant, as in high speed scenarios, the ICI will be increased as an alternative interference source to impact receiver’s link performance.
The ICI, caused by Doppler spread, can be modeled as a Gaussian random variable when the number of subcarriers is sufficient large with central limit theorem [3].  The ICI power , which is caused by Doppler spread with a Doppler frequency , can be represented as [3]

where  is the transmit power,  is number of subcarriers per OFDM symbol, is symbol time duration, and  is the zero-order Bessel function of the first kind.  The ICI power  and the signal Tx power  are the average power per subcarrier.  
Based on the equation, the ratio of  of LTE, as the potential degradation by ICI, can be illustrated in Figure 1, as a function of the Doppler frequency.  The ICI impact is shown from Doppler frequency up to 850Hz in Figure 1.
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Figure 1    ICI degradation of LTE at Doppler frequency
As expected, Figure 1 shows that ICI will become more severe when Doppler shift becomes greater.  For example, when , Figure 1 indicates that there is an ICI interference floor at ~23dB.  When , the ICI noise floor is at ~26dB.  To better illustrate the ICI impact to SINR level, we fix ICI at  to show SINR degradation due to ICI in Figure 2.  
[image: ]
Figure 2    SINR degradation due to ICI
From Figure 2, it shows that there will be little impact of the ICI interference at low SINR region.  However, the ICI will become more dominant when the SNR become larger, until the noise and interference at subcarriers are saturated by ICI.  In the example shown in Figure 2, the effective SINR shows about 1dB degradation at SINR=20dB, and the SINR degradation increases at higher SINR region until ICI becomes dominant, where the effective SINR reaches 26dB.  This is the limiting factor for LTE performance under high Doppler.  In the example, the SINR=26dB becomes the maximum SINR and it is limiting LTE performance, especially for high order modulations where high SINR is usually needed.

2.2	Doppler tracking and channel estimation performance
The second limiting factor for high speed performance is the receiver’s Doppler tracking capability and related channel estimation performance.  Under high speed scenarios, uplink and downlink receivers shall use reference symbols (CRS and DM-RS) for Doppler tracking and channel estimation in usual operations.  We show the time/frequency locations of DL and UL LTE reference symbols in Figure 3, which highlights the reference symbol RE (resource elements) with 1 PRB in 2 subframes. 
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(a)  DL CRS allocation
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(b) UL DM-RS allocation


Figure 3    DL CRS and UL DM-RS allocation
The RS locations in DL and UL indicate different Doppler tracking and channel estimation capability.  Usually, uplink receiver could be able to provide better channel estimation performance because the uplink has more reference signal than the downlink has, when the channel is static (time-invarient).  However, when the channel is time-variant in high speed scenarios, the more time-dense allocation of reference signal in downlink provides DL better Doppler tracking capability than UL.  It is expected that there will be performance difference between downlink and uplink under high speed.
However, it would be relatively easy for uplink to use more than 2Rx for better tracking and channel estimation performance.

3	Discussion and Conclusions
For potential uplink specification with ETU600, two options are on the table: QPSK with rate 1/3, or 16QAM with rate ½, with 2Rx.  However, as we indicated from ICI analysis, high order modulation may experience ICI error floor at ~20dB when .  For uplink, 4Rx performance provides extra diversity gain than 2Rx to ensure receiver’s operating point at a reasonable lower SNR.  If 16QAM performance is considered, we shall use 4Rx to test its high speed performance.
Given the consideration on the potential ICI noise floor, and the Doppler tracking capability, we propose to use one of the two test cases for ETU600 test:
1. QPSK, rate 1/3, with 2Rx; or
2. 16QAM, rate ½, with 4Rx
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