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1. Introduction
At the previous RAN1 #57bis meeting at Los Angeles, the precoding codebook for 4-Tx antenna SU-MIMO for the LTE-Advanced uplink was discussed. For rank 1 and rank 2, it was agreed that the codebook described in [1] should be the baseline and the performance will be confirmed at the next meeting for final conclusion [2]. This contribution presents system level evaluation results using the baseline codebook in [1]. We compare the performance with the Rel. 8 LTE downlink Householder codebook [3] to confirm the performance using the baseline codebook. 
2. Simulation Conditions
We evaluate the user throughput performance of 4-by-4 SU-MIMO by combining system-level and link-level simulations. In the link-level simulation, we measure the average block error rate (BLER) of each modulation and coding scheme (MCS) against the instantaneous received signal-to-interference plus noise power ratio (SINR) over one transmission time interval (TTI). In the system-level simulation, the average throughput and cell-edge user throughput are calculated by adding random errors according to the mapping between the measured instantaneous received SINR and the BLER performance derived from the link-level simulation. 
· Link-Level Simulation Parameters

Table 1(a) gives the major parameters used in the link-level simulations. One 1-msec long TTI contains 14 SC-FDMA symbols, each of which comprises a 66.7-sec effective symbol and a 4.69-sec cyclic prefix (CP). Demodulation reference signal (DM-RS) symbols are multiplexed into the fourth and eleventh SC-FDMA symbols. QPSK, 16QAM, and 64QAM are employed as the data modulation scheme, and 16 MCSs are used in adaptive modulation and coding (AMC) for the assigned RB by frequency domain channel-dependent scheduling.  At the receiver, the channel gain for each data symbol is computed from a coherent averaging of two DM-RS symbols at each TTI. Minimum mean square error (MMSE)-based signal detection is assumed. 
· System-Level Simulation Model and Parameters

Table 1(b) gives the major parameters used in the system-level simulation, which is based on the 3GPP spatial channel model (SCM) urban-macro deployment scenario [4]. We assume the carrier frequency of 2 GHz. The total system bandwidth is 10 MHz (the occupied bandwidth is 9 MHz, which corresponds to 50 RBs). 4 RBs are allocated to the overhead of the physical uplink control channel (PUCCH). A 3-sectored 19-hexagonal cell layout model is assumed with a sector antenna beam pattern and with a 70-degree beam-width in azimuth. We apply a vertical antenna tilt as well as fractional TPC to suppress interference from other cells. The vertical antenna tilt angle is set to 15 degrees. The locations of the UEs are randomly assigned with a uniform distribution within each cell. The inter-site distance (ISD) is set to 500 m. The four uniform linear array (ULA) configuration or two +/-45 degrees cross-polarized antenna configuration shown in Fig. 1 is assumed at the eNB (UE) with antenna separation of d (/2). The maximum total UE transmission power is 23 dBm with the antenna gain imbalance of 0 dBi. 
The propagation model follows a distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with a standard deviation of 8 dB, and instantaneous multipath Rayleigh fading. It is assumed that the distance-dependent path loss and shadowing are constant during the throughput measurement period, while instantaneous fading variations are added. The shadowing correlation values between the cell sites and that between cells in the same cell site are 0.5 and 1.0, respectively. The SCM urban macro channel model is assumed for the multipath delay profile model with the UE speed of 3 km/h [4]. The penetration loss of 20 dB is included. The antenna gain at the eNB is 14 dBi and the eNB antennas are located at the height of 32 m. We set the front-to-back ratio to 25 dB for the antenna. We compared the baseline codebook given in [1] and the Rel. 8 LTE downlink Householder codebook [3]. We apply Chase combining as HARQ with packet combining, and the round trip delay (RTD) for retransmission is assumed to be 8 msec. We assume a full buffer traffic model. Channel-dependent scheduling is used. The transmission interval of the sounding reference signal (SRS) for the channel quality measurement and precoding matrix selection is set to 20 msec. The control delay of the channel-dependent scheduling and AMC is set to 6 msec and ideal channel-quality measurement is assumed. The maximum transmission rank is set to 2 and the control interval of rank adaptation is 20 msec.
Table 1 – Simulation parameters

(a) Link-level simulation parameters
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(b) System-level simulation parameters
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(a) Two cross-polarized antennas



     (b) Four ULA antennas
Figure 1 – Antenna configurations at UE and eNB
3. Simulation Results
Figures 2(a) and 2(b) respectively show the CDF of the user throughput and cell throughput when two cross-polarized antennas with the eNB antenna separation of d = 10 are used. The performances levels for rank 1, rank 2, and rank adaptation are plotted. From the figures, we find that in the case of rank 1, the performance of the baseline codebook is slightly (2-3%) degraded compared to that for the Rel. 8 LTE DL codebook. It is considered that the degradation is mainly due to the lack of 8-PSK alphabet vectors within the baseline codebook. In the case of rank 2, the performance of the baseline codebook is almost the same as that for the Rel. 8 LTE codebook. When rank adaptation is employed, the performance loss of the baseline codebook compared to that for the Rel. 8 LTE DL codebook is marginal, less than 1%. 
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(a) CDF of user throughput

 

    (b) Cell throughput
Figure 2 – CDF of user throughput and cell throughput (two cross-polarized antennas, d = 10)

Figures 3(a) and 3(b) respectively show the CDF of the user throughput and cell throughput when two cross-polarized antennas with antenna separation of d = 4 is assumed. We find from the figures that the tendency is almost identical to that in Fig. 2.
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(a) CDF of user throughput



(b) Cell throughput

Figure 3 – CDF of user throughput and cell throughput (two cross-polarized antenna, d = 4)

Figures 4(a) and 4(b) respectively show the CDF of the user throughput and cell throughput when four ULA antennas with the antenna separation of d = 4 are assumed. From the figures, we find that in the case of rank 2 and rank adaptation, the performance of the baseline codebook is almost the same as the Rel. 8 LTE DL codebook. 
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(a) CDF of user throughput



(b) Cell throughput

Figure 4 – CDF of user throughput and cell throughput (uniform linear array, d = 4)

4. Conclusion

This contribution evaluated the codebook for 4-Tx antenna SU-MIMO for the LTE-Advanced uplink based on system level simulations. The simulation results confirmed that the rank 2 baseline codebook proposed in [1] achieves almost identical performance compared to that for the Rel. 8 LTE downlink codebook. Furthermore, the rank 2 baseline codebook preserves the low cubic metric (CM) property. Therefore, it should be concluded as the final codebook for the 4-Tx rank 2 codebook. Regarding the rank 1 codebook, a slight performance loss is observed by using rank 1 baseline codebook because 8-PSK alphabet is not included in the baseline codebook. The final rank 1 codebook would be decided considering the tradeoff between throughput performance and implementation simplicity.
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