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1. Introduction

Employing multiple antenna schemes is one of essential techniques to improve spectral efficiency for E-UTRA downlink. Some of the high level principles of LTE MIMO schemes were agreed upon and described in [1]. According to [1], the followings are the considered MIMO schemes for unicast traffic in the E-UTRA downlink:

· SU-MIMO or spatial division multiplexing (SDM) to a single UE

· MU-MIMO or spatial division multiple access (SDMA) that allows the multiple symbol streams for different UEs

· MU-MIMO with precoding that further applies signal processing at the transmitter to improve performance and/or reduce receiver’s complexity

In addition to the above close-loop (CL) MIMO schemes, open-loop (OL) transmit diversity methods are also studied mainly for the downlink control channel transmission:

· Space-time block code (STBC), space-frequency block code (SFBC), and so on

In this contribution, we evaluate the impact of user’s mobility on the performance of the various MIMO schemes under consideration. Since the close-loop MIMO schemes require different levels of channel information from feedback of all UEs, the unavoidable feedback delay may lead to outdated channel information (especially when the UE’s mobility is high) so that the resulting system performance is degraded due to time-selectivity. In the following, we investigate the impact of mobility on the performance degradation of the various MIMO schemes for E-UTRA downlink. 

2. System Model  

2.1. Channel Model

Figure 1 shows a generic MIMO-OFDM transmitter with M antennas. For the n-th chunk or resource block (RB), the signal vectors at the transmitter and receiver are related by 
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where F is the (M ×M) precoding matrix, and H is the (M ×M) channel matrix with independent CN(0,1) entries (zero-mean and unit-variance complex normal R.V.). At time t, we assume the channel is perfectly estimated at the UE. At time t+τ, the channel information of time t is sent back to the BS. We assume the channel matrix at time t+τ and t are related by the autoregressive (AR) model [2]:
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where W is the white noise and ρ denotes the correlation of channel realizations between the two time instants. Following the Jake’s model, the correlation coefficient between two instants in a time-varying environment can be expressed by [3]
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where fd  is the Doppler frequency and J0(() is the zero order Bessel function of first kind. The Doppler frequency is related to the user’s mobility via   
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where v is the user’s mobility, c is the speed of light and fc  is the carrier frequency. 

2.2. Performance Metric

We use the average system throughput as the performance metric. The average system throughput is calculated by averaging the achievable rate from N RBs:
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where Rn  is the achievable rate (in bps/Hz) of the n-th RB, and is equal to the sum of the achievable rate transmitting from the i-th antenna:
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where γi. is the effective SNR from the i-th data stream . In the following, we evaluate the average throughput of the system employing the various MIMO schemes under the impact of user’s mobility. 
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Figure 1: A generic MIMO-OFDM transmitter with M antennas.

3. Description of LTE MIMO Schemes 

We consider some representative MIMO schemes belonging to different categories of SU-MIMO, MU-MIMO, MU-MIMO with precoding and open-loop transmit diversity in the section. 

3.1. SU-MIMO (SDM) 

For SU-MIMO, F = I (identity matrix) and the BS selects one target user k* (1≦k≦K) to serve according to 
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Notice that this scheme only requires the scalar feedback (i.e. Ck) from each user. In addition, all transmit antennas carry data streams for single target user once the selection is done for SU-MIMO.  

3.2. MU-MIMO (SDMA)

Unlike the SU-MIMO, the MU-MIMO scheme allows the BS to simultaneously transmit multiple beams to different users. Let F= I in this scheme. For the i-th transmit antenna, one possible scheduling policy to achieve this is 
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Note that this scheme is similar to PARC proposed in [4] and requires the vector feedback (i.e. Rik, 1≦i≦M) from each user as compared with the SU-MIMO scheme. 

3.3. MU-MIMO with Precoding

In this scheme, the BS is not only allowed to transmit multiple beams to users but also precoding is applied at the transmitter to improve system performance and/or reduce receiver’s complexity. One possible precoding method is based on the SVD decomposition of the channel matrix
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where U and V are unitary matrix, D is a diagonal matrix, and V’ is the complex transpose of V.  Then the precoding matrix can be set to F = V at the transmitter. The receiver applies the U’ operation to recover the received data streams. With the precoding operation, the effective output SNR transmitting from the i-th transmit antenna is λi, where λi is the eigenvalue of the HH’. Similar to the MU-MIMO scheme, the possible scheduling policy is 
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Obviously, the operation of precoding requires the full knowledge of H from the feedback of each user. Once the precoding is done based on the outdated channel information, the resulting performance is likely to degrade more significantly. 

3.4. Open-Loop Transmit Diversity 

We also study the open-loop transmit diversity scheme for comparison. Unlike the other three considered MIMO schemes, the transmit diversity antenna method is designed to improve link reliability instead of link throughput. In this contribution, we consider the STBC scheme for performance evaluation. 

4. Simulation Results
Table 1 shows the system parameter setting for simulations. We consider a single-cell system with K users having mean received SNR equal to 10 dB. The simulation results are shown in Figures 2-(a) and (b) for the number of users K=30 and K=100, respectively. Based on the results from Figure 2, some comments are made as follows:

             Table 1: System setting for simulations

	Bandwidth
	5 MHz

	Antenna Configuration
	2×2

	Receiver Architecture
	LMMSE for SU-MIMO and MI-MIMO

SVD for MI-MIMO with precoding

MRC for open-loop STBC

	Scheduling Policy
	Proportional Fair

	Feedback Delay
	2  RB

	Traffic Model
	Full Buffering


· The performance of the close-loop MIMO schemes including SU-MIMO, MU-MIMO and MU-MIMO with precoding can be sensitive to the channel variations due to mobility. When the mobility is below some threshold value, e.g. 30 km/hr for the SU-MIMO scheme in Figure 2-(a), the close-loop MIMO schemes can maintain satisfactory performances as compared with the open-loop STBC scheme. However, when the mobility goes up above the threshold speed, the performance of the close-loop MIMO schemes degrades significantly. 

· While MU-MIMO with precoding scheme outperforms the other MIMO schemes in the low mobility region, it degrades more significantly than the others in the high mobility region. This result can be understandable since the operation of the MU-MIMO with precoding scheme relies on more channel information than the others, and therefore is more potentially sensitive to the channel variations due to mobility.

· Open-loop MIMO schemes can possibly deliver more throughput than the close-loop MIMO schemes if the mobility is sufficiently high and the outdated channel information is not properly compensated for the close-loop MIMO schemes.  
5. Conclusion 
This contribution has investigated the impact of mobility on the performance of the considered MIMO schemes for E-UTRA. The results indicate that high mobility can considerably degrade the performance of the close-loop MIMO schemes. Moreover, the achievable throughput for the close-loop MIMO schemes can even be lower than that for the open-loop MIMO scheme. Considering this, we suggest that the selection of MIMO schemes for E-UTRA should take the impact of mobility into consideration. Besides, the antenna mode switching for the traffic channel to transmit between close-loop and open-loop MIMO schemes should be considered to account for the impact of user’s mobility. 
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Text Proposal

We propose that the followings are included in TR 25.814.

---------------------------------------------- Start of Text Proposal ------------------------------------------------
7.1.1.4  MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since control channel performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control channels. The open loop transmit diversity can also be considered for the downlink unicast traffic, especially when the outdated-prone channel information from the feedback of a high-mobility UE can not be properly compensated for close-loop MIMO schemes. Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains. Open loop block code-based transmit diversity, cyclic shift diversity, and combined space-time (or space-frequency) block code/cyclic shift diversity techniques should be considered.
Figure 2-(a): Impact of mobility on the average system throughput (K=30).





Figure 2-(b): Impact of mobility on the average system throughput (K=100).
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