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1. Introduction

In RAN1 61bis meeting, the most important progress has been made with regard to 4Tx MIMO feedback enhancement [1]. 22 companies have observed that the 4Tx MIMO feedback enhancement is justified by sufficient gain over Rel.8 feedback in case of MU-MIMO. Another important progress is that large spaced cross polarized antenna has been added as mandatory simulation case for 4Tx [2]. Thus all the three antenna configurations defined in [3] need to be considered when designing 4Tx enhancement. Some companies raised concerns on the practical gain that any enhancement could achieve when there is eNB antenna calibrating error. [4] has proposed one model to simulate the antenna calibration error. Though the calibration error model hasn’t been agreed, this contribution will give system level performance for all the three antenna configurations assuming both ideally calibrated antenna without delay and phase errors, calibrated antennas with delay error and without phase error and uncalibrated antenna with both delay and phase errors.
2. 4Tx feedback enhancement proposals
a) Differential codebook in [5]
Rel-8 codebook will be used to feedback W1 and the differential codebook in [5] will be used to feedback W2. Mode 2-2 will be defined over PUCCH in order to support this. The construction of the precoding matrix 
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 is specified in [6]. 
b) Differential codebook in [7,8]
Rel-8 codebook will be used to feedback W1 and the differential codebook in [7,8] will be used to feedback W2. Mode 2-2 will be defined over PUCCH in order to support this. The construction of the precoding matrix 
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 is based on rotation of one DFT vector to refine the beam direction of W1 using W2.
c) Differential codebook in [9]

Rel-8 codebook will be used to feedback W1 and the differential codebook in [9] will be used to feedback W2. When constructing the precoding matrix 
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, codewords in W1 are grouped into two subset that one subset includes DFT codewords and another includes non-DFT codewords. Then different subsets are refined with W2 that have different properties. The rotation matrix for the first 8 DFT vectors is exactly the same as b) and the differential codebook defined for the rest 8 non-DFT vectors are quite similar with that defined in a). The polar cap size is roughly 10 degree and the property of the 2 bits differential codebook is decided by 
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d) Adaptive codebook in [10]

The codebook was constructed with two step approach: W= W1W2, both W1 and W2 are wideband, where W2 will be Rel.8 codebook and W1 is constructed by a Hermitian matrix which stands for a quantized channel correlation matrix [10]. The feedback PMI error is also considered in [10]. W2 can be sent as Rel.8 wideband PMI report and W1 can be sent as one additional report together with RI in an even longer period such as 100ms.
e) Adaptive codebook in [11,12]
The codebook was constructed with two step approach: W= W1W2, where W2 will be Rel.8 codebook and W1 is considered as the compressed channel correlation matrix. Two compression schemes are proposed: [11] proposed to compress the component of channel correlation matrix directly and [12] proposed to realize the purpose of compression through calculate the channel correlation matrix by previous PMI. PMI error modelling is also considered in these proposals.
3. System level simulation results
We provide system level simulation results for MUZF with fixed 2 UEs per subband given in Table 2. (No dynamic SU/MU switching. Parameters are listed in appendix) The major difference in parameters compared with [5] is that the feedback period is increased from 2ms to 5ms. 
a) Ideally calibrated antenna case, no delay error and no phase error

Table 1. System level simulation results for calibrated Tx antenna
	
	Sector SE (bit/s/Hz)
	5% cell edge throughput (kbps)

	
	0.5λXX 
	0.5λ||||
	4λXX
	0.5λXX 
	0.5λ||||
	4λXX

	Rel. 8
	2.13
	2.3
	1.81
	315.1
	313.4
	230.9

	
	100%
	100%
	100%
	100%
	100%
	100%

	a)
	2.41
	2.51
	2.156
	390.0
	368.8
	281.6

	
	113%
	109%
	119.2%
	123.8%
	117.6%
	122%

	d)
	2.28
	2.38
	1.83
	334
	403
	231.1

	
	107.1%
	103.6%
	101.3%
	106%
	128.6%
	100.1%

	e) 5bits
	2.14
	2.53
	1.84
	307.3
	377.1
	213

	
	100.5%
	109.9%
	101.5%
	97.5%
	120.3%
	92.2%


b) Calibrated antenna case, with delay error and no phase error

Table 1. System level simulation results for calibrated Tx antenna
	
	Sector SE (bit/s/Hz)
	5% cell edge throughput (kbps)

	
	0.5λXX 
	0.5λ||||
	4λXX
	0.5λXX 
	0.5λ||||
	4λXX

	Rel. 8
	1.78
	2.05
	1.7
	206
	277.3
	186.1

	
	100%
	100%
	100%
	100%
	100%
	100%

	a)
	1.97
	2.24
	1.91
	269.1
	351.1
	265.2

	
	110.3%
	109%
	112.7%
	130.6%
	126.6%
	142.3%

	d)
	1.85
	2.11
	1.65
	261.3
	289.5
	211.4

	
	104%
	103.3%
	97.5%
	126.8%
	104.4%
	113.6%

	e) 5bits
	1.82
	2.21
	1.71
	240.2
	311.6
	224.3

	
	102%
	107.8%
	100.7%
	116.6%
	112.4%
	120.5%


c) Uncalibrated antenna case, uniformly distributed phase error

d) Table 2. System level simulation results for uncalibrated Tx antenna
	
	Sector SE (bit/s/Hz)
	5% cell edge throughput (kbps)

	
	0.5λXX 
	0.5λ||||
	4λXX
	0.5λXX 
	0.5λ||||
	4λXX

	Rel. 8
	1.77
	1.67
	1.7
	229.1
	194
	188.1

	
	100%
	100%
	100%
	100%
	100%
	100%

	a)
	2.01
	1.85
	2.0
	325.8
	269.9
	267.2

	
	113.7%
	111%
	119.2%
	142.2%
	139%
	142%

	d)
	1.74
	1.65
	1.72
	247.4
	228.1
	204.3

	
	98.4%
	99.1%
	100.9%
	108%
	117.6%
	108.7%

	e) 5bits
	1.78
	1.62
	1.71
	253.6
	227.3
	216.4

	
	100.5%
	97.2%
	100.7%
	110.7%
	117.2%
	115%


Observations from the simulation results:
1) New PUCCH 2-2 has better performance than wideband adaptive mode over wideband PMI
2) When delay errors or/and wideband phase errors are considered, 5, 6 bits are not enough to quantize the wideband covariance matrix
3) Differential feedback is robust to antenna calibration errors. The gain is even larger in uncaliberated antenna case because the baseline Rel-8 codebook performance degrades dramatically and leaves higher improvement margin for the refinement subband PMI.
4) The computer searched differential codebook in section 2a) has the best performance in all the simulated scenarios. 
4. Conclusion
In this contribution we have simulated some of the proposals for 4Tx improvements so far for both ideally calibrated antennas (without delay and phase error), calibrated antennas (with delay errors and without phase errors) and uncaliberated antennas (with both delay and phase errors). Our simulation results show that 5-6 bits quantization method for channel covariance matrix is not enough for uncalibrated antenna arrays. Our previous research shows in order to make covariance matrix quantization robust for uncalibrated antennas, roughly 30 bits are needed for 4Tx. Hence complex signaling is needed in order to support robust adaptive beamforming, e.g. sent channel covariance matrix over PUSCH and send PMI/CQI over PUCCH. On the other hand, differential feedback shows even higher improvement in case of uncalibrated antennas. We can foresee that the gain for differential feedback will also be larger if we simulate more delay spread channel, e.g. 1500 ISD. Thus we propose followings:
Proposal 1: Differential feedback is adopted as the only 4Tx enhancement for Rel-10 over PUCCH.

Proposal 2: 3 bits differential codebook is defined for 4Tx enhancement for Rel-10.
Proposal 3: Transforming based differential codebook as defined in section 2a is adopted for Rel-10 differential codebook.
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6. Appendix

Table 2, System level simulation parameters
	Parameter
	Value

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Downlink transmission scheme
	4x2 MU-MIMO ZFBF with fixed rank 2 and 1 layer per UE

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=6 consecutive RBs)

	
	6ms CQI/CSI delay

	
	CQI measurement error: Realistic from CSI-RS

	
	PMI feedback error: 1% 

	
	4bits CQI according to 36.213

	
	Outer loop link adaptation is enabled

	Codebook

　
	Rel. 8 4 bit

	
	W1 W2 or W2 W1 following [1]

	Allocation
	Localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell

	Data Channel Estimation
	CSI RS and DM RS channel estimation error as input from LLS to SLS for a given geometry 

	PAPR
	No constraint on per-antenna power imbalance 

	UE antenna configuration
	Cross-polarized +

	
	Small-spaced co-polarized | |

	eNB antenna configuration
	Small-spaced cross-polarized X X

	
	Large-spaced cross-polarized X     X

	
	Co-polarized | | | |

	
	ideal antenna calibration
With random delay and phase calibration error

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	
	Overhead of CSI RS: Not modelled

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	5 degrees angle spread

	Link error prediction technique
	EESM

	Intercell interference modeling
	rank 2 transmission in interfering cells for MU-MIMO

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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