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1. Introduction

In TR 36.913 [1], it is stated that LTE-Advanced should support downlink peak data rate of 1 Gbps and downlink peak spectrum efficiency of 30 bps/Hz. This requirement calls for an investigation of potential extension of the current downlink MIMO transmission modes to 8x8 SU-MIMO.
In this contribution we study rank-1 and rank-2 8Tx codebooks to arrive at some design guidelines. Similar studies have been conducted in [2]

 REF _Ref224893788 \n \h 
[3]. 
2. 8Tx Codebook Construction
A single 8-Tx rank-1 codebook of size 16 (4-bits) is constructed from vectors uo – u15 as described in Table 1 and Table 2. Two codebooks, both of size 16 are constructed for rank-2. CB1 is the first codebook constructed from the rank-1 codebook vectors. CB2 is the second codebook constructed from the LTE-Rel8 4Tx codebook.
Table 1: Definition of vectors for constructing 8Tx codebook

	u #
	
	v #
	(Same as Rel-8 Rank1 CB)

	
	
	
	

	u0
	1 1 1 1 1 1 1 1
	V0
	1 1 1 1

	u1
	1 q3 –j q2 -1 q1 j q0
	V1
	1 –j -1 –j

	u2
	1 –j -1 j 1 –j -1 j
	V2
	1 -1 1 -1

	u3
	1 q2 j q3 -1 q0 –j q1
	V3
	1 –j -1 j

	u4
	1 -1 1 -1 1 -1 1 -1
	V4
	1 q0 j q1

	u5
	1 q1 –j q0 -1 q3 j q2
	V5
	1 q1 –j q0

	u6
	1 j -1 –j 1 j -1 –j
	V6
	1 q2 j q3

	u7
	1 q0 j q1 -1 q2 –j q3
	V7
	1 q3 –j q2

	u8
	q0 1 1 q3 q3 –j –j q2
	V8
	1 1 -1 -1

	u9
	q0 q3 –j -1 q1 q0 1 –j
	V9
	1 j 1 j

	u10
	q0 –j -1 q0 q3 -1 j q3
	V10
	1 -1 -1 1

	u11
	q0 q2 j –j q1 q3 -1 1
	V11
	1 –j 1 –j

	u12
	q0 -1 1 q1 q3 j –j q0
	V12
	1 1 1 -1

	u13
	q0 q1 –j 1 q1 q2 1 j
	V13
	1 1 -1 1

	u14
	q0 j -1 q2 q3 1 j q1
	V14
	1 -1 1 1

	u15
	q0 q0 j j q1 q1 -1 -1 
	V15
	1 -1 -1 -1


Note: q0=(1+j)/√2; q1=(-1+j)/√2; q2=(-1-j)/√2; q3=(1-j)/√2
Table 2: Definition of rank-1 and rank-2 8Tx codebooks

	Index #
	Rank-1 CB
	Rank-2 CB1 (ULA)
	Rank2 CB2 (XPOL)

	
	
	
	

	0
	u0
	[u0,u1]
	kron(I,v0)*U

	1
	u1
	[u1,u2]
	kron(I,v1)*U

	2
	u2
	[u2,u3]
	kron(I,v2)*U

	3
	u3
	[u3,u4]
	kron(I,v3)*U

	4
	u4
	[u4,u5]
	kron(I,v4)*U

	5
	u5
	[u5,u6]
	kron(I,v5)*U

	6
	u6
	[u6,u7]
	kron(I,v6)*U

	7
	u7
	[u7,u0]
	kron(I,v7)*U

	8
	u8
	[u8,u12]
	kron(I,v8)*U

	9
	u9
	[u9,u15]
	kron(I,v9)*U

	10
	u10
	[u10,u13]
	kron(I,v10)*U

	11
	u11
	[u11,u8]
	kron(I,v11)*U

	12
	u12
	[u12,u14]
	kron(I,v12)*U

	13
	u13
	[u13,u9]
	kron(I,v13)*U

	14
	u14
	[u14,u10]
	kron(I,v14)*U

	15
	u15
	[u15,u11]
	kron(I,v15)*U


Note: I=eye(2);U=[1 1;1 -1]/√2;
Observations:

· The rank-1 codebook entries are constant modulus and derived from 8-PSK alphabet. The codebook contains two unitary 8x8 matrices, one of them being a DFT matrix. The unitary matrix structure may be utilized for CQI computation for MU-MIMO at the UE and user-grouping for MU-MIMO at the eNodeB.

· The CB1 codebook retains all the properties of LTE Rel8 codebook – constant modulus, 8-PSK alphabet, rank nesting.

· The CB2 codebook entries are constant modulus and derived from 8-PSK alphabet. It does not preserve the rank nesting property but enables low computational complexity.   
3. Simulation Results

In this section link simulation results are presented for rank-1 and rank-2 (with MMSE receiver) cases with an MCS of rate-1/2 QPSK for different environments. Similar results were observed for rank-2 with ML receiver and also for rate-3/4-64 QAM.
Table 3: Link Simulation Parameters

	NFFT
	1024

	Carrier frequency
	2.6 GHz

	#Tx antennas
	8, 4

	# Rx antennas
	2

	Antenna spacing
	0.5 λ or 1.0 λ for Tx, 0.5 λ  for Rx

	Antenna polarization
	ULA at both eNodeB and UE or XPOL with +/-450 at eNodeB, 900/00 at UE

	Channel Model
	SCM Urban Macro 150

	Mobile speed
	3kmph

	PMI feedback delay
	~10ms

	DL channel estimation
	Ideal

	MCS
	1/2 QPSK, vertically encoded for 2-streams

	PMI feedback error
	Not modeled

	Codebook
	LTE-Rel8 for 4Tx, codebooks in Section 2 for 8Tx


The loss due to quantization presented in Figure 1 and Figure 2 is measured in dB from link curves at 10% FER. The loss is measured with respect to the case of eigenvector-precoding. The gain from 4Tx precoding presented in Figure 3 and Figure 4 is measured in dB from link curves at 10% FER. The ideal gain represents the gain when eigenvector-precoding is used for both 4Tx and 8Tx. The gain with codebook precoding represents the gain with codebook feedback for both 4Tx and 8Tx.
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Figure 1: Comparison of quantization loss in dB for rank-1 precoding for 4Tx and 8Tx.
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Figure 2: Comparison of quantization loss in dB for rank-2 precoding with MMSE for LTE-4Tx and codebooks CB1, CB2 in the case of 8Tx.
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Figure 3: 8Tx gains in dB over 4Tx for ideal case and with codebook feedback for rank-1 precoding.
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Figure 4: 8Tx gains in dB over 4Tx for ideal case and with codebook feedback for rank-2 precoding with MMSE receiver.

Observations:

· Figure 1 and Figure 3 show that for rank-1 precoding XPOLs present a more challenging environment than ULAs. Similar to the case with LTE-4Tx antennas, the loss due to quantization in XPOLs is 2 to 3 times the loss with ULAs (from Figure 1).

· Figure 2 and Figure 4 show that CB2 provides better performance for XPOLs and CB1 provides better performance for ULAs. If multiple codebooks are enabled for different antenna configurations, then Figure 4 shows that most of the gains can be obtained with a 4-bit feedback.
4. Conclusions
In this contribution, rank-1 and rank-2 codebooks are presented for 8Tx antennas and link simulation results are discussed for single-user precoding. The results show that 
· Significant gains can be achieved with 4 bit feedback for 8Tx antennas
· Multiple 4 bit codebooks may be studied to optimize performance for different eNodeB configurations (with UE search complexity limited to 4 bits)
· Codebook sizes larger than 4 bits should be considered with caution due to the exponential increase in search complexity
System simulations, particularly MU-MIMO simulations will be necessary to evaluate decisions going forward.
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