3GPP TSG RAN WG1 Meeting #51bis                                             R1-080250
Sevilla, Spain, January 14-18, 2008
Source:
NTT DoCoMo, Sharp
Title:
Views on Open-Loop MIMO Mode in E-UTRA Downlink
Agenda Item:
6.3.5
Document for:  Discussion and Decision

1. Introduction
At the TSG RAN WG1#50bis meeting in Shanghai and in the e-mail reflector after the TSG RAN WG1#51 meeting in Jeju, there was discussion on the necessity for open-loop (OL)-spatial division multiplexing (SDM) without the necessity of precoding matrix indicator (PMI) feedback [1]. This contribution presents system level simulation results comparing OL and closed-loop (CL)-MIMO transmission in the E-UTRA downlink to investigate the performance gain using OL-MIMO transmission.
2. Evaluated MIMO Transmission Schemes
In the system level evaluation, we compare the following three types of transmission techniques using an NTX = 2 or 4-transmitter and NRX = 2-receiver antenna configuration. 
(1) 0-delay Cyclic Delay Diversity (CDD) Precoding Scheme (CL type)
The 0-delay CDD precoding scheme was already specified in TS36.211 [2]. In this scheme, an appropriate precoding matrix is adaptively controlled based on the PMI feedback from a User Equipment (UE). The precoding matrix, W, is selected from a predetermined set of precoding matrices (codebook). In the evaluation, we assume frequency selective precoding with the subband size of 5 RBs (= 900 kHz). Different from the CDD precoding scheme, cyclic delay shift matrix weights are not multiplied to the selected precoding matrix.
(2) Large-delay CDD Precoding Scheme
Similar to the 0-delay CDD precoding scheme, this scheme was also specified in TS36.211 [2]. In the large-delay CDD precoding scheme, the cyclic delay shift matrix components, D(i)U, are multiplied to the precoding matrix, W. In this contribution, we evaluate two cases.

Case 1 (CL type): An appropriate precoding matrix, W, is adaptively controlled based on the PMI feedback from a UE similar to 0-delay CDD precoding. In the evaluation, we assume frequency selective precoding with the subband size of 5 RBs.

Case 2 (OL type): The fixed precoding matrix, W, is used constantly [3]. Therefore, no PMI feedback is necessary in Case 2. 

(3) Frequency-domain Precoding Matrix Switching (OL type)
In this scheme, we employ the scheme proposed in [4]. The precoding matrix, W, is switched every  (= 4) sub-carriers in a predetermined manner. Therefore, no PMI feedback is necessary. The precoding matrix, W, is selected from the codebook. When the number of streams (transmission rank) is one, Space Frequency Block Coding (SFBC) and SFBC + Frequency Selective Transmit Diversity (FSTD) are assumed for the 2- and 4-transmitter antenna cases in the evaluation.
3. Simulation Setup 
Table 1 lists the major radio parameters in the system-level simulation. We assume a 2-GHz carrier frequency and a 10-MHz transmission bandwidth. The sub-frame length is 1 msec. We employed QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/8, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, and 5/6. We assume that the total transmission power per Node-B is 46 dBm regardless of the number of transmitter antennas. The Node-B antenna gain is set to 14 dBi. 
We assume a 19-cell configuration where each cell has three sectors. Furthermore, by employing the wrap around method, each cell suffers from inter-cell interference from the surrounding cells. The inter-site distance (ISD) and the number of UEs per sector are set to 500 m and 10, respectively. The locations of the UEs are randomly assigned with a uniform distribution within each cell. However, the minimum distance between a Node-B and a UE is set to 35 m. The propagation model follows distance-dependent path loss with the decay factor of 3.76, log-normal shadowing with the standard deviation of 8 dB, and instantaneous multipath fading. We assume a 20 dB penetration loss. It is assumed that the distance-dependent path loss is constant during the throughput measurement period, while the shadowing and instantaneous fading variations are added. We assume the 6-ray Typical Urban (TU) channel model with the moving speed as a parameter from 3 km/h to 120 km/h corresponding to the fading maximum Doppler frequency of 5.55 Hz to 222.2 Hz at a 2-GHz carrier frequency. No fading correlation is assumed either at the Node-B or on the UE side in the evaluation.
The antenna gain of the UE is 0 dBi. Ideal FFT timing estimation and real channel estimation are assumed. A linear minimum mean squared error (LMMSE) receiver is applied in the evaluation. In order to calculate the throughput based on the received signal-to-interference plus noise power ratio (SINR) of the shared data channel, the exponential effective SINR mapping (EESM) method [5] is used to map the effective SINR calculated in the system level simulation to the packet error rate performance obtained from the link level simulation in the evaluation. We use Chase combining with the control delay of 8 sub-frames (= 8.0 msec). Adaptive modulation and coding (AMC) employing the modulation and channel coding rates mentioned above and frequency-dependent channel-dependent scheduling methods are used. The subband size in the evaluation is set to 5RBs. We assume a full buffer traffic model and the employed criterion for selecting the UE at each resource block is the proportional fairness (PF) algorithm. The control delay in AMC, precoding, and scheduling is set to the 4 sub-frames (= 4.0 msec). We also employ rank adaptation according to the received SINR. The control interval of rank adaptation is 100 msec in the evaluation. When the UE speed does not exceed 30 km/h, instantaneous CQI value of each subband is used for packet scheduling and AMC, while the average CQI value over a 5 msec duration is used when the UE speed is greater than 30 km/h.

Table 1 – Simulation parameters
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4. Simulation Results
Figures 1 plots the cumulative distribution function (CDF) of the user throughput values for 2-by-2 MIMO case. The UE speed is set to 3 km/h, 30 km/h, and 120 km/h in Figs. 1(a), 1(b), and 1(c), respectively. Figure 1(a) shows that under a low UE mobility condition, CL type MIMO precoding schemes such as the 0-delay CDD precoding and large-delay CDD precoding schemes achieve a approximately 17% higher user throughput at the 50% CDF compared to that for the OL type MIMO transmission schemes. However, from Fig. 1(b), the throughput gain employing CL type precoding is almost lost when the moving speed is increased to 30 km/h since the directive beam gain from the precoding is reduced due to the control delay of the adaptive precoding. Furthermore, from Fig. 1(c), at the moving speed of 120 km/h, we find that the OL type large-delay CDD precoding and Frequency-domain Precoding Matrix Switching schemes achieves higher user throughput compared to that for the CL type precoding schemes. Figures 1 also show that when comparing the two OL type MIMO transmission schemes, the performance levels are almost identical irrespective of the UE speed.
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(a) UE speed = 3 km/h



 (b) UE speed = 30 km/h
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    (c) UE speed = 120 km/h
Figure 1 – CDF of achievable user throughput (2-by-2 MIMO)

Table 2 shows the cell throughput performance employing each CL and OL type MIMO transmission scheme. From Table 2, we can see that under a high mobility condition, the cell throughput gains employing the OL large-delay CDD precoding and Frequency-domain Precoding Matrix Switching schemes are approximately 11% higher compared to that for the CL large-delay CDD precoding scheme.
Table 2 – Cell throughput performance (2-by-2 MIMO)
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Figures 2 show the CDF of the user throughput values for 4-by-2 MIMO transmission cases. The UE speed is parameterized. Similar to Figs. 1, the OL type large-delay CDD precoding and Frequency-domain Precoding Matrix Switching schemes achieve approximately an 11% higher user throughput compared to that for the CL large-delay CDD precoding scheme when the UE speed is 120 km/h.  
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Figure 2 – CDF of achievable user throughput (4-by-2 MIMO)
Finally, Table 3 gives the cell throughput employing each MIMO transmission scheme for the 4-by-2 MIMO case. From Table 3, the cell throughput gains employing the OL large-delay CDD precoding and Frequency-domain Precoding Matrix Switching schemes when the UE moving speed is 120 km/h are 8% higher compared to that for the CL large-delay CDD precoding.

Table 3 – Cell throughput performance (4-by-2 MIMO)
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We derive the following conclusions from the simulation results.

· The OL type MIMO SDM is beneficial in increasing the cell throughput by approximately 8-11% compared to that for the CL type large-delay CDD precoding scheme when the UE speed is as high as 120 km/h. 

· Based on the evaluation results, the differences in performance are slight between different OL MIMO transmission schemes. 

· If the OL type MIMO SDM scheme is specified, it should be highly compatible with the existing CL type MIMO precoding scheme such as the 0-delay, small-delay or large-delay CDD precoding schemes with minor modification, e.g., precoding matrix restriction or precoding matrix switching in the predetermined manner.
· Consideration of efficient uplink and downlink control signaling to support OL MIMO transmission is FFS.
5. Conclusion
This contribution evaluated the system throughput performance comparing OL and CL-MIMO transmission in the E-UTRA downlink. Based on the simulation results, our views on OL MIMO transmission are given hereafter.
· OL type MIMO SDM is beneficial in increasing the cell throughput by approximately 8-11% compared to that for the CL type large-delay CDD precoding scheme when the UE speed is as high as 120 km/h. 

· If the OL type MIMO SDM scheme is specified, it should be highly compatible with the existing CL type MIMO precoding scheme such as the 0-delay, small-delay or large-delay CDD precoding schemes with minor modification, e.g., precoding matrix restriction or precoding matrix switching in the predetermined manner.
· Consideration of efficient uplink and downlink control signaling to support OL MIMO transmission is FFS.
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