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1. Introduction
In this contribution, we present additional performance evaluations for the 4x2 and 4x4 setup of the House-Holder codebook [3] and compare it to the design proposal in [4], which is there denoted with “Codebook 2” and specifically proposed in [6] for dual-polarized eNodeB setup. 
The investigations in this contribution are similar to those presented in [1,2]. The simulation assumptions are the same, but we evaluate the new codebook suggested in [4] denoted with “Codebook 2” in [4] with the Way Forward proposal in [3]. The interested reader will find more simulation details in [1]. 

2. Codebook performance evaluation

2.1. Simulation assumptions

The basic simulation assumptions are similar to those in [1,2]. The suitable codebook entry as well as transmission rank in the simulation are chosen based on throughput criteria given by the mutual information. In the simulations, rank adaptation as well as adaptive modulation and coding (AMC) have been considered. The codebook performance has been evaluated as throughput versus TX SNR with the basic simulation parameters given in Table 1. 
Table 1: General simulation parameters
	Parameter
	Assumption

	OFDM bandwidth
	5Mhz (300 subcarriers

	Sub-frame length
	1ms

	Resource block size
	12 sub-carriers

	Scheduled bandwidth
	5RBs (60 subcarriers)

	Precoding granularity
	5RBs (60 subcarriers)

	Channel models
	described in the following subsection, 5 cases

	CQI estimation
	ideal (CQI delay neglected) 

	Modulation schemes
	QPSK, 16-QAM, 64-QAM

	MCS set
	QPSK    [1/3 2/5 1/2 3/5 2/3 3/4]

16-QAM [2/5 9/20 1/2 11/20 3/5 2/3 3/4 4/5 5/6] 

64-QAM [3/5 5/8 2/3 17/24 3/4 4/5 5/6]  

	MIMO mode
	Precoded DL SU-MIMO, 4x2 and 4x4 setup

	Resource allocation
	Beginning of the band

	Receiver algorithm
	LMMSE


2.2. Channel models

The same channel models as described in [1] have been used according to the specified simulation assumptions.
2.3. Simulation results

The performance of the joint way forward codebook [3] and new proposal in [4] in Table 2 has been simulated to see the overall performance across all ranks. 

Table 2. Short codebook description (see Appendix A of [1] for details)
	Samsung Codebook 2
	Consists of 4 DFT vectors, AS and 2 block-diagonal matrices according to [4], denoted there with “Codebook2”

	Way forward
	CB consists of 8 beamforming vector, AS and 4 “QPSK” vectors plugged into the TI Householder – “8PSK”  vectors in all ranks [6] 


Figures 1 to 5 and 6 to 9 show the throughput gain as a function of the TX SNR compared to the reference codebook case, namely antenna selection defined in [5], for Channels 1A , 1B, 2, 3 and 4 for 4x2 and 4x4 setup respectively. In [1] we have shown, that in case of fixed correlation and cross-polarization matrices for Channels 2 and 3 a single codeword is favored. Please note we therefore generated the channels using the SCME channel model given in Appendix C of [1]. 
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Figure 1: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 1A – SCME
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Figure 2: Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 1B – SCME
[image: image3.emf]0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

45

50

Tx SNR [dB]

Throughput gain compared to reference [%]

Relative Codebook Performance: 4x2 - CH2 - var

 

 

Way Forward

Samsung CB2


Figure 3: Relative throughput gain [%] of different codebook design for the 4x2antenna setup – Channel 2 – variable
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Figure 4 : Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 3 – variable
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Figure 5 : Relative throughput gain [%] of different codebook design for the 4x2 antenna setup – Channel 4 – variable
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Figure 6 : Relative throughput gain [%] of different codebook design for the 4x4 antenna setup – Channel 1A– variable
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Figure 7 : Relative throughput gain [%] of different codebook design for the 4x4 antenna setup – Channel 1B – variable
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Figure 8 : Relative throughput gain [%] of different codebook design for the 4x4 antenna setup – Channel 2 – variable
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Figure 9 : Relative throughput gain [%] of different codebook design for the 4x4 antenna setup – Channel 4 – variable

3. Summary and Conclusion
In this contribution the performance of the proposed way forward in [3] has been compared with the new codebook proposal in [4,6], in order to show a complete set of results in addition to the results contributed in [1,2]. The simulation results indicate, that the way forward outperforms the proposal in [4,6] also in the case of the cross-polarized scenarios, for which this codebook is especially proposed in [6].
The simulation results indicate that the joint way forward codebook of [3] shows a good performance in all investigated scenarios and constantly outperforming “Codebook2” in [4,6] while keeping the computational complexity low. Therefore, we suggest the way forward codebook in [3] to be adopted as the 4TX antenna codebook working assumption for DL SU-MIMO and do not see any reason, why the proposal in [6] should be adopted specifically for cross-polarized eNodeB antenna configurations.
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