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1 Introduction
Several different approaches for closed loop MU-MIMO schemes were recently proposed for LTE-A [1-6]. In [5], we provided system level results for MIMO transmission schemes based on channel correlation.  The main observation was:

· For ULA 0.5λ Tx antenna configuration, significant gains in average and cell edge throughput can be achieved with channel covariance feedback. The channel covariance can be fed back at a very slow rate and in a non-frequency selective fashion. Further there is no considerable degradation even if there is no explicit PMI reporting.
An explicit feedback for the covariance matrix may not be necessary if the long term channel covariance can be estimated reliably from uplink measurements [3].

In this contribution we repeat the system level simulations with frequency-selective scheduling and with different receiver types. The results further establish the utility of spatial correlation information at the NB side. 
2 Feedback and Precoding Methods

We consider both SU-MIMO and MU-MIMO. For SU-MIMO, the feedback-precoding schemes that we consider are:

· CB: Fixed codebook, PMI precoding

· R-CB: R-based adaptive codebook, PMI precoding. R is the transmit channel convariance (also called SCF). 
For MU-MIMO, we consider the following schemes:
· CB: Fixed codebook, PMI precoding

· CB-ZF: Base codebook, Zero-forcing

· R-CB: R-based adaptive codebook, PMI precoding 
· R-CB–ZF: R-based adaptive codebook, Zero-forcing 
· R-EIG-ZF: The principal eigenvector of R for the paired UEs are used as the base vectors to perform ZF. 
The R-based codebook adaptation in the R-CB and R-CB-ZF methods is performed by multiplying the base codebook vectors by R1/2. We use the 4-bit CHT codebook from [7] as the base codebook in all our simulations.

The channel covariance feedback is non-frequency selective as non-frequency channel covariance feedback was found to provide better performance than frequency selective one [5]. As for time-granularity, R is computed and fed-back on either short term (T = 5 ms) or long term (T = 1000 ms) time scales. 
The CB index (PMI) and CQI in this contribution are narrow-band.
3 Simulation Results

System level simulations were performed based on the assumptions given in Appendix 6.1. We consider both MMSE and MRC receivers. MMSE receive combining for MU-MIMO requires the UE to be capable of estimating the channel & interference terms. Such a set-up is possible, for example, when the eNB pairs UE’s on orthogonal UE-specific RS. MRC receivers are appropriate when the interference is difficult to estimate, either because the RSs belonging to the intra-cell spatially multiplexed UEs overlap, or because the intercell interference is varying too fast.
3.1 Codebook adaptation for SU and MU-MIMO
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Figure 1: Comparison of 8x2 SU-MIMO schemes for various feedback scenarios for 0.5λ Tx ULA. The vertical axis shows the % gain over the baseline CB scheme. The base codebook is CHT16. T=5 and T=1000  correspond to the R feedback period in msec.
   [image: image2.emf]MU-MIMO

0

5

10

15

20

25

30

35

40

CB CB-ZF R-CB,

T=1000

R-CB-ZF,

T=1000

R-CB-ZF,

T=5

R-EIG-ZF,

T=1000

Percentage gain

Average Edge


Figure 2: Comparison of 8x2 SU-MIMO schemes for various feedback scenarios for 0.5λ Tx ULA. The vertical axis shows the % gain over the baseline CB scheme. For the schemes with explicit PMI reporting, the base codebook is CHT16.
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Figure 3: Comparison of 8x2 SU& MU MIMO schemes for various feedback scenarios for 0.5λ Tx ULA. The vertical axis shows the % gain over the baseline SU-MIMO CB scheme. For the schemes with explicit PMI reporting, the base codebook is CHT16.

In Figures 1 and 2, the performance gain from codebook adaptation is shown for SU and MU MIMO. While the performance gain from codebook adaptation is limited for SU-MIMO, codebook adaptation in addition to zeroforcing provides more than 15% and 20% gain in average and edge throughputs for a covariance feedback rate of 1 second. More than 30% gain is obtained if the covariance is updated every 5ms. For the case of no explicit PMI reporting, there is a 15% improvement in average throughput with 1s covariance update rate..
3.2 MRC Receivers
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 Figure 4: Comparison of 8x2 MU MIMO schemes with MRC receiver for 0.5λ Tx ULA. The vertical axis shows the % gain over the baseline MU-MIMO CB scheme. For the schemes with explicit PMI reporting, the base codebook is CHT16
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Figure 5: Comparison of 8x2 MU MIMO schemes for MMSE and MRC receivers for T=1000. The vertical axis shows the % gain over the R-CB-ZF scheme with MRC receiver. For the schemes with explicit PMI reporting, the base codebook is CHT16

The MU-MIMO schemes are compared for MRC receiver in Figure 4.  It can be observed that the choice of the receiver does not affect the performance gain achievable with channel covariance feedback. The performance loss due to non availability or non-utilization of inter-cell and intra-cell interference covariance is given in Figure 5. It can be seen that the performance degradation by using MRC receiver instead of MMSE results in a loss of around 15%. Note that MMSE receiver requires additional overhead in terms of orthogonal UE specific reference signals in the downlink; this overhead has not been taken into account in the results.
4 Summary & Conclusions

We considered narrowband MU-MIMO transmission schemes with spatial correlation feedback for MMSE and MRC receivers. Results establish the utility of spatial correlation information at the eNB. Our main conclusions, for 0.5λ ULA 8Tx configuration and 2 Rx antennas, are as follows:
1. For narrowband MU-MIMO transmission, significant gain in the order of 15% can be obtained by exploiting a very low rate, wideband covariance feedback.
2. MRC receivers lose about 15% compared to ideal MMSE (i.e., when ideal interference knowledge is assumed at the MMSE receiver) but The performance gain from covariance feedback holds for both MMSE and MRC receivers.
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6 Appendix A
6.1 Simulation Assumptions  
	Parameter
	Assumption

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

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between Node-Bs: 0.5  Between cells: 1.0

	Antenna pattern  (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Antennas Configurations
	8x2 Linear Array  (0.5 λ  for Tx separation and 0.5 λ for Rx separation)

	Channel model
	Spatial Channel Model, Urban Macro, high spread with 5Hz doppler

	UE speed
	3km/hr

	Traffic model
	Full buffer

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	Antenna Bore-sights (for 3-cells with fixed antenna patterns)
	30, 150 and 270 degrees



	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Scheduler
	Proportional Fair

	Measurement Delay
	2ms

	CQI Granularity
	1 CQI report for 6 PRBs

	CQI/PMI/R report interval 
	5ms and 1s 

	CQI/PMI/R transmission errors
	Perfect  (and no quantization of R)

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Scheduling  granularity
	Per PRB

	HARQ Delay
	6ms

	Inter-cell interference modelling
	Serving cell and the 4 strongest interfering cells are explicitly modelled.

	Channel Estimation
	Ideal (both of the desired and paired-UE transmissions) 

	Receiver Configuration
	MMSE and MRC
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Average throughput

5% user throughput

Gain over CHT16 base codebook in Dual Pol (+45/-45):
 8x2 MU-MIMO
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10s ULA

		SU-MIMO		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain		Subband results		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain

		4x2 Rel-8 (0.5 lambda)		1.8836		0.7005		0		0				2.4063		1.1113		27.8		58.6

		4x2 Rel-8 - with R, T = 1000		1.8932		0.7042		0.5		0.5				2.3278		1.0344		23.6		47.7

		4x2 Rel-8 (4 lambda)		1.9526		0.6396		3.7		-8.7				2.4761		0.9104		31.5		30.0

		4x2 Rel-8 - with R, T = 1000		1.9711		0.6488		4.6		-7.4				2.4592		0.9045		30.6		29.1

		8x2 CHT16		1.9958		0.7836		6.0		11.9				2.4567		1.122		30.4		60.2

		8x2 CHT16 - with R, T=1000		2.0299		0.8253		7.8		17.8				2.4841		1.1474		31.9		65.9

		8x2 DFT16		1.9325		0.7928		2.6		13.2				2.2993		1.1375		22.1		62.4

		8x2 DFT16 - with R, T=1000		1.9748		0.8349		4.8		19.2				2.3293		1.1595		23.7		65.5

		8x2 DP16		1.8762		0.7399		-0.4		5.6				2.2549		1.0708		19.7		52.9

		8x2 DP16 - with R, T=1000		1.9722		0.8393		4.7		19.8				2.3235		1.1395		23.4		62.7

		MU-MIMO

		4x2 (0.5 lambda) HH - Orthgonal Pairing		2.1297		0.6763		13.1		-3.5				2.536		0.9704		34.6		38.5

		4x2 (0.5 lambda) HH - Chordal Distance Pairing		2.073		0.6857		10.1		-2.1				2.4899		0.9794		32.2		39.8

		4x2 (0.5 lambda) HH - ZF		2.2225		0.6912		18.0		-1.3				2.6871		1.0004		42.7		42.8

		4x2 (0.5 lambda) HH - with R, T = 1000		2.0018		0.6491		6.3		-7.3				2.4506		0.9603		30.1		37.1

		4x2 (0.5 lambda) HH - with R, T = 1000 - ZF		2.3166		0.6904		23.0		-1.4				2.8166		1.0227		49.5		46.0

		4x2 (4 lambda) HH - Orthgonal Pairing		2.1071		0.6594		11.9		-5.9				2.5098		0.8783		33.2		25.4

		4x2 (4 lambda) HH - Chordal Distance Pairing		2.1453		0.6855		13.9		-2.1				2.5709		0.9029		36.5		28.9

		4x2 (4 lambda) HH - ZF		2.2441		0.6878		19.1		-1.8				2.7075		0.9104		43.7		30.0

		4x2 (4 lambda) HH - with R, T = 1000		2.1172		0.6727		12.4		-4.0				2.5195		0.8865		33.8		26.6

		4x2 (4 lambda) HH - with R, T = 1000 - ZF		2.2465		0.6857		19.3		-2.1				2.7099		0.9076		43.9		29.6

		8x2 CHT16		2.2316		0.7525		18.5		7.4				2.6608		1.0741		41.3		53.3

		8x2 CHT16 - ZF		2.2616		0.7626		20.1		8.9				2.703		1.0921		43.5		55.9

		8x2 CHT16 - with R, T=1000		2.4807		0.8747		31.7		24.9				2.9504		1.1686		56.6		66.8

		8x2 CHT16 - with R, T=1000 - ZF		2.7593		0.9519		46.5		35.9				3.2948		1.2616		74.9		80.1

		8x2 DFT16		2.3505		0.7376		24.8		5.3				2.8115		0.9521		49.3		35.9

		8x2 DFT16 - ZF		2.4567		0.6905		30.4		-1.4				2.9529		0.8985		56.8		28.3

		8x2 DFT16 - with R, T=1000		2.4714		0.8663		31.2		23.7				2.9452		1.1807		56.4		68.6

		8x2 DFT16 - with R, T=1000 - ZF		2.7738		0.9452		47.3		34.9				3.2883		1.2743		74.6		81.9

								15.4		3.7				2.604		0.9307		38.2		32.9

								17.3		4.9				2.673		0.9505		41.9		35.7

								30.2		23.7				2.9174		1.1607		54.9		65.7

								45.8		31.0				3.3084		1.2629		75.6		80.3





4s ULA

		SU-MIMO		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain		Subband results		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain

		4x2 Rel-8 (0.5 lambda)*		1.9917		0.7691		0		0				2.2996		0.9856		15.5		28.1

		4x2 Rel-8 - with R, T = 1000*		2.0002		0.769		0.4		-0.0				2.3073		0.9847		15.8		28.0

		4x2 Rel-8 (4 lambda)*		2.0443		0.7015		2.6		-8.8				2.4331		0.8742		22.2		13.7

		4x2 Rel-8 - with R, T = 1000*		2.0562		0.7043		3.2		-8.4				2.422		0.846		21.6		10.0

		8x2 CHT16*		2.0932		0.8652		5.1		12.5				2.4366		1.0618		22.3		38.1

		8x2 CHT16 - with R, T=1000*		2.1185		0.8962		6.4		16.5				2.4698		1.0989		24.0		142.9

		8x2 DFT16*		2.0147		0.8704		1.2		13.2				2.2782		1.0688		14.4		39.0

		8x2 DFT16 - with R, T=1000*		2.0527		0.9227		3.1		20.0				2.3086		1.1065		15.9		43.9

		8x2 DP16*		1.9574		0.8144		-1.7		5.9				2.2335		1.0172		12.1		32.3

		8x2 DP16 - with R, T=1000*		2.0512		0.9272		3.0		20.6				2.3063		1.0808		15.8		40.5

		MU-MIMO

		4x2 (0.5 lambda) HH - Orthgonal Pairing*		2.1986		0.7018		10.4		-8.8				2.5026		0.9074		25.7		18.0

		4x2 (0.5 lambda) HH - Chordal Distance Pairing*		2.1368		0.7038		10.1		-8.5				2.4532		0.8978		23.2		16.7

		4x2 (0.5 lambda) HH - ZF*		2.308		0.7109		18.0		-7.6				2.6454		0.9184		32.8		19.4

		4x2 (0.5 lambda) HH - with R, T = 1000*		2.0443		0.6641		6.3		-13.7				2.4274		0.8719		21.9		13.4

		4x2 (0.5 lambda) HH - with R, T = 1000 - ZF		2.3963		0.7127		23.0		-7.3				2.822		0.9376		41.7		21.9

		4x2 (4 lambda) HH - Orthgonal Pairing*		2.2182		0.7038		11.9		-8.5				2.472		0.8499		24.1		10.5

		4x2 (4 lambda) HH - Chordal Distance Pairing*		2.2502		0.7308		13.9		-5.0				2.5314		0.8719		27.1		13.4

		4x2 (4 lambda) HH - ZF*		2.361		0.7381		19.1		-4.0				2.664		0.8754		33.8		13.8

		4x2 (4 lambda) HH - with R, T = 1000*		2.1922		0.7032		12.4		-8.6				2.4532		0.812		23.2		5.6

		4x2 (4 lambda) HH - with R, T = 1000 - ZF*		2.3458		0.735		19.3		-4.4				2.6095		0.8234		31.0		7.1

		8x2 CHT16*		2.2919		0.7752		15.1		0.8				2.6225		0.9997		31.7		30.0

		8x2 CHT16 - ZF*		2.3237		0.7809		16.7		1.5				2.6648		1.0239		33.8		33.1

		8x2 CHT16 - with R, T=1000*		2.5631		0.9005		28.7		17.1				2.8944		1.0502		45.3		36.5

		8x2 CHT16 - with R, T=1000 - ZF*		2.8892		1.0054		45.1		30.7				3.2517		1.1644		63.3		51.4

		8x2 DFT16*		2.4509		0.7706		23.1		0.2				2.7701		0.9141		39.1		18.9

		8x2 DFT16 - ZF*		2.5776		0.7375		29.4		-4.1				2.9137		0.8549		46.3		11.2

		8x2 DFT16 - with R, T=1000*		2.5675		0.8955		28.9		16.4				2.9357		1.0678		47.4		38.8

		8x2 DFT16 - with R, T=1000 - ZF*		2.881		1.0021		44.7		30.3				3.2214		1.1373		61.7		47.9

		8x2 DP16 (chordal distance = 1.749)*		2.2783		0.7767		14.4		1.0				2.5708		0.8864		29.1		15.3

		8x2 DP16 - ZF*		2.318		0.7827		16.4		1.8				2.6392		0.9028		32.5		17.4

		8x2 DP16 - with R, T=1000*		2.5497		0.8951		28.0		16.4				2.8277		0.9789		42.0		27.3

		8x2 DP16 - with R, T=1000 - ZF*		2.9022		1.0107		45.7		31.4				3.1905		1.0832		60.2		40.8





ULA SUMU MIMO

		MUMIMO

		8x2 CHT16		2.2316		0.7525		0		0

		8x2 CHT16 - ZF		2.2616		0.7626		1.3		0.0

		8x2 CHT16 - with R, T=1000		2.4807		0.8747		11.2		16.2

		8x2 CHT16 - with R, T=1000 - ZF		2.7593		0.9519		23.6		26.5

		8x2 DFT16		2.3505		0.7376		5.3		-2.0

		8x2 DFT16 - ZF		2.4567		0.6905		10.1		-8.2

		8x2 DFT16 - with R, T=1000		2.4714		0.8663		10.7		15.1

		8x2 DFT16 - with R, T=1000 - ZF		2.7738		0.9452		24.3		25.6

		8x2 DP16 (chordal distance = 1.749)		2.1737		0.7265		-2.6		-3.5

		8x2 DP16 - ZF		2.2098		0.7351		-1.0		-2.3

		8x2 DP16 - with R, T=1000		2.4532		0.8666		9.9		15.2

		8x2 DP16 - with R, T=1000 - ZF		2.7461		0.9179		23.1		22.0

		8x2 CHT16		1.9958		0.7836				0				0

		8x2 CHT16  with R, T=1s		2.0299		0.8253				1.7085880349				5.3215926493

		8x2 DFT16		1.9325		0.7928				-3.171660487				1.1740684022

		8x2 DFT16  with R, T=1s		1.9748		0.8349				-1.0522096402				6.5467075038

		8x2 DP16		1.8762		0.7399				-5.9925844273				-5.5768249107

		8x2 DP16  with R, T=1s		1.9722		0.8393				-1.1824832148				7.1082184788





ULA SUMU MIMO
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10s DualPol
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8x2 CHT16  with R, T=1s

8x2 DFT16

8x2 DFT16  with R, T=1s

8x2 DP16

8x2 DP16  with R, T=1s

ULA SCM8x2 SU-MIMO 5% user throughput



		SU-MIMO		Avg Tput		5% edge Tput

		8x2 CHT16, Dual Pol (+45/-45)		1.8807		0.6912		0.0		0.0

		CHT16, with R, T = 1s		1.943		0.755		3.3		9.2

		8x2 DFT16, Dual Pol (+45/-45)		1.8626		0.7025		0.0		0.0

		DFT16, with R, T = 1s		1.9117		0.7525		2.6		7.1

		8x2 DP16, Dual Pol (+45/-45)		1.8291		0.6788		0.0		0.0

		DP16, with R, T=1s		1.9169		0.7369		4.8		8.6

		MIMO

		8x2 CHT16, Dual Pol (+45/-45)		2.185		0.6552		0.0		0.0

		ZF		2.2313		0.6658		2.1		1.6

		With R, T=1s		2.3188		0.7513		6.1		14.7

		With R, T=1s & ZF		2.4879		0.7662		13.9		16.9

		8x2 CHT16, Dual Pol (+45/-45)		2.2357		0.6709

		8x2 CHT16 - ZF,  Dual Pol (+45/-45)		2.3021		0.675

		8x2 CHT16,  Dual Pol (+45/-45) - with R, T=1000		2.2944		0.7486

		8x2 CHT16,  Dual Pol (+45/-45 - with R, T=1000 - ZF		2.4668		0.7668

		8x2 DP16 (chordal distance = 1.749)		2.0296		0.5982

		8x2 DP16 - ZF		2.2098		0.7351

		8x2 DP16 - with R, T=1000		2.0682		0.6035

		8x2 DP16 - with R, T=1000 - ZF		2.4615		0.7494





		



Average throughput

5% edge user throughput

Gain over base codebook in Dual Pol (+45/-45):
 8x2 SU-MIMO



		



Average throughput

5% user throughput

Gain over CHT16 base codebook in Dual Pol (+45/-45):
 8x2 MU-MIMO



		MUMIMO

		8x2 CHT16		2.2316		0.7525		0		0

		ZF		2.2616		0.7626		1.3		0.0

		With R ( T=1s)		2.4807		0.8747		11.2		16.2

		With R (T=1s) &  ZF		2.7593		0.9519		23.6		26.5

		8x2 DFT16		2.3505		0.7376		0.0		0.0

		ZF		2.4567		0.6905		4.5		-6.4

		With R ( T=1s)		2.4714		0.8663		5.1		17.4

		With R (T=1s) &  ZF		2.7738		0.9452		18.0		28.1

		8x2 DP16 (chordal distance = 1.749)		2.1737		0.7265		0.0		0.0

		ZF		2.2098		0.7351		1.7		1.2

		With R ( T=1s)		2.4532		0.8666		12.9		19.3

		With R (T=1s) &  ZF		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		8x2 DFT16		2.3505		0.7376		5		-2

		8x2 DP16		2.1737		0.7265		-3		-3
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10s ULA

		SU-MIMO		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain		Subband results		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain

		4x2 Rel-8 (0.5 lambda)		1.8836		0.7005		0		0				2.4063		1.1113		27.8		58.6

		4x2 Rel-8 - with R, T = 1000		1.8932		0.7042		0.5		0.5				2.3278		1.0344		23.6		47.7

		4x2 Rel-8 (4 lambda)		1.9526		0.6396		3.7		-8.7				2.4761		0.9104		31.5		30.0

		4x2 Rel-8 - with R, T = 1000		1.9711		0.6488		4.6		-7.4				2.4592		0.9045		30.6		29.1

		8x2 CHT16		1.9958		0.7836		6.0		11.9				2.4567		1.122		30.4		60.2

		8x2 CHT16 - with R, T=1000		2.0299		0.8253		7.8		17.8				2.4841		1.1474		31.9		65.9

		8x2 DFT16		1.9325		0.7928		2.6		13.2				2.2993		1.1375		22.1		62.4

		8x2 DFT16 - with R, T=1000		1.9748		0.8349		4.8		19.2				2.3293		1.1595		23.7		65.5

		8x2 DP16		1.8762		0.7399		-0.4		5.6				2.2549		1.0708		19.7		52.9

		8x2 DP16 - with R, T=1000		1.9722		0.8393		4.7		19.8				2.3235		1.1395		23.4		62.7

		MU-MIMO

		4x2 (0.5 lambda) HH - Orthgonal Pairing		2.1297		0.6763		13.1		-3.5				2.536		0.9704		34.6		38.5

		4x2 (0.5 lambda) HH - Chordal Distance Pairing		2.073		0.6857		10.1		-2.1				2.4899		0.9794		32.2		39.8

		4x2 (0.5 lambda) HH - ZF		2.2225		0.6912		18.0		-1.3				2.6871		1.0004		42.7		42.8

		4x2 (0.5 lambda) HH - with R, T = 1000		2.0018		0.6491		6.3		-7.3				2.4506		0.9603		30.1		37.1

		4x2 (0.5 lambda) HH - with R, T = 1000 - ZF		2.3166		0.6904		23.0		-1.4				2.8166		1.0227		49.5		46.0

		4x2 (4 lambda) HH - Orthgonal Pairing		2.1071		0.6594		11.9		-5.9				2.5098		0.8783		33.2		25.4

		4x2 (4 lambda) HH - Chordal Distance Pairing		2.1453		0.6855		13.9		-2.1				2.5709		0.9029		36.5		28.9

		4x2 (4 lambda) HH - ZF		2.2441		0.6878		19.1		-1.8				2.7075		0.9104		43.7		30.0

		4x2 (4 lambda) HH - with R, T = 1000		2.1172		0.6727		12.4		-4.0				2.5195		0.8865		33.8		26.6

		4x2 (4 lambda) HH - with R, T = 1000 - ZF		2.2465		0.6857		19.3		-2.1				2.7099		0.9076		43.9		29.6

		8x2 CHT16		2.2316		0.7525		18.5		7.4				2.6608		1.0741		41.3		53.3

		8x2 CHT16 - ZF		2.2616		0.7626		20.1		8.9				2.703		1.0921		43.5		55.9

		8x2 CHT16 - with R, T=1000		2.4807		0.8747		31.7		24.9				2.9504		1.1686		56.6		66.8

		8x2 CHT16 - with R, T=1000 - ZF		2.7593		0.9519		46.5		35.9				3.2948		1.2616		74.9		80.1

		8x2 DFT16		2.3505		0.7376		24.8		5.3				2.8115		0.9521		49.3		35.9

		8x2 DFT16 - ZF		2.4567		0.6905		30.4		-1.4				2.9529		0.8985		56.8		28.3

		8x2 DFT16 - with R, T=1000		2.4714		0.8663		31.2		23.7				2.9452		1.1807		56.4		68.6

		8x2 DFT16 - with R, T=1000 - ZF		2.7738		0.9452		47.3		34.9				3.2883		1.2743		74.6		81.9

								15.4		3.7				2.604		0.9307		38.2		32.9

								17.3		4.9				2.673		0.9505		41.9		35.7

								30.2		23.7				2.9174		1.1607		54.9		65.7

								45.8		31.0				3.3084		1.2629		75.6		80.3





4s ULA

		SU-MIMO		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain		Subband results		Avg Tput		5% edge Tput		Avg Tput % gain		edge Tput % gain

		4x2 Rel-8 (0.5 lambda)*		1.9917		0.7691		0		0				2.2996		0.9856		15.5		28.1

		4x2 Rel-8 - with R, T = 1000*		2.0002		0.769		0.4		-0.0				2.3073		0.9847		15.8		28.0

		4x2 Rel-8 (4 lambda)*		2.0443		0.7015		2.6		-8.8				2.4331		0.8742		22.2		13.7

		4x2 Rel-8 - with R, T = 1000*		2.0562		0.7043		3.2		-8.4				2.422		0.846		21.6		10.0

		8x2 CHT16*		2.0932		0.8652		5.1		12.5				2.4366		1.0618		22.3		38.1

		8x2 CHT16 - with R, T=1000*		2.1185		0.8962		6.4		16.5				2.4698		1.0989		24.0		142.9

		8x2 DFT16*		2.0147		0.8704		1.2		13.2				2.2782		1.0688		14.4		39.0

		8x2 DFT16 - with R, T=1000*		2.0527		0.9227		3.1		20.0				2.3086		1.1065		15.9		43.9

		8x2 DP16*		1.9574		0.8144		-1.7		5.9				2.2335		1.0172		12.1		32.3

		8x2 DP16 - with R, T=1000*		2.0512		0.9272		3.0		20.6				2.3063		1.0808		15.8		40.5

		MU-MIMO

		4x2 (0.5 lambda) HH - Orthgonal Pairing*		2.1986		0.7018		10.4		-8.8				2.5026		0.9074		25.7		18.0

		4x2 (0.5 lambda) HH - Chordal Distance Pairing*		2.1368		0.7038		10.1		-8.5				2.4532		0.8978		23.2		16.7

		4x2 (0.5 lambda) HH - ZF*		2.308		0.7109		18.0		-7.6				2.6454		0.9184		32.8		19.4

		4x2 (0.5 lambda) HH - with R, T = 1000*		2.0443		0.6641		6.3		-13.7				2.4274		0.8719		21.9		13.4

		4x2 (0.5 lambda) HH - with R, T = 1000 - ZF		2.3963		0.7127		23.0		-7.3				2.822		0.9376		41.7		21.9

		4x2 (4 lambda) HH - Orthgonal Pairing*		2.2182		0.7038		11.9		-8.5				2.472		0.8499		24.1		10.5

		4x2 (4 lambda) HH - Chordal Distance Pairing*		2.2502		0.7308		13.9		-5.0				2.5314		0.8719		27.1		13.4

		4x2 (4 lambda) HH - ZF*		2.361		0.7381		19.1		-4.0				2.664		0.8754		33.8		13.8

		4x2 (4 lambda) HH - with R, T = 1000*		2.1922		0.7032		12.4		-8.6				2.4532		0.812		23.2		5.6

		4x2 (4 lambda) HH - with R, T = 1000 - ZF*		2.3458		0.735		19.3		-4.4				2.6095		0.8234		31.0		7.1

		8x2 CHT16*		2.2919		0.7752		15.1		0.8				2.6225		0.9997		31.7		30.0

		8x2 CHT16 - ZF*		2.3237		0.7809		16.7		1.5				2.6648		1.0239		33.8		33.1

		8x2 CHT16 - with R, T=1000*		2.5631		0.9005		28.7		17.1				2.8944		1.0502		45.3		36.5

		8x2 CHT16 - with R, T=1000 - ZF*		2.8892		1.0054		45.1		30.7				3.2517		1.1644		63.3		51.4

		8x2 DFT16*		2.4509		0.7706		23.1		0.2				2.7701		0.9141		39.1		18.9

		8x2 DFT16 - ZF*		2.5776		0.7375		29.4		-4.1				2.9137		0.8549		46.3		11.2

		8x2 DFT16 - with R, T=1000*		2.5675		0.8955		28.9		16.4				2.9357		1.0678		47.4		38.8

		8x2 DFT16 - with R, T=1000 - ZF*		2.881		1.0021		44.7		30.3				3.2214		1.1373		61.7		47.9

		8x2 DP16 (chordal distance = 1.749)*		2.2783		0.7767		14.4		1.0				2.5708		0.8864		29.1		15.3

		8x2 DP16 - ZF*		2.318		0.7827		16.4		1.8				2.6392		0.9028		32.5		17.4

		8x2 DP16 - with R, T=1000*		2.5497		0.8951		28.0		16.4				2.8277		0.9789		42.0		27.3

		8x2 DP16 - with R, T=1000 - ZF*		2.9022		1.0107		45.7		31.4				3.1905		1.0832		60.2		40.8





ULA SUMU MIMO

		MUMIMO

		8x2 CHT16		2.2316		0.7525		0		0

		8x2 CHT16 - ZF		2.2616		0.7626		1.3		0.0

		8x2 CHT16 - with R, T=1000		2.4807		0.8747		11.2		16.2

		8x2 CHT16 - with R, T=1000 - ZF		2.7593		0.9519		23.6		26.5

		8x2 DFT16		2.3505		0.7376		5.3		-2.0

		8x2 DFT16 - ZF		2.4567		0.6905		10.1		-8.2

		8x2 DFT16 - with R, T=1000		2.4714		0.8663		10.7		15.1

		8x2 DFT16 - with R, T=1000 - ZF		2.7738		0.9452		24.3		25.6

		8x2 DP16 (chordal distance = 1.749)		2.1737		0.7265		-2.6		-3.5

		8x2 DP16 - ZF		2.2098		0.7351		-1.0		-2.3

		8x2 DP16 - with R, T=1000		2.4532		0.8666		9.9		15.2

		8x2 DP16 - with R, T=1000 - ZF		2.7461		0.9179		23.1		22.0

		8x2 CHT16		1.9958		0.7836				0				0

		8x2 CHT16  with R, T=1s		2.0299		0.8253				1.7085880349				5.3215926493

		8x2 DFT16		1.9325		0.7928				-3.171660487				1.1740684022

		8x2 DFT16  with R, T=1s		1.9748		0.8349				-1.0522096402				6.5467075038

		8x2 DP16		1.8762		0.7399				-5.9925844273				-5.5768249107

		8x2 DP16  with R, T=1s		1.9722		0.8393				-1.1824832148				7.1082184788





ULA SUMU MIMO

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1
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8x2 DFT16
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ULA SCM8x2 SU-MIMO 5% user throughput



		SU-MIMO		Avg Tput		5% edge Tput

		8x2 CHT16, Dual Pol (+45/-45)		1.8807		0.6912		0.0		0.0

		CHT16, with R, T = 1s		1.943		0.755		3.3		9.2

		8x2 DFT16, Dual Pol (+45/-45)		1.8626		0.7025		0.0		0.0

		DFT16, with R, T = 1s		1.9117		0.7525		2.6		7.1

		8x2 DP16, Dual Pol (+45/-45)		1.8291		0.6788		0.0		0.0

		DP16, with R, T=1s		1.9169		0.7369		4.8		8.6

		MIMO

		8x2 CHT16, Dual Pol (+45/-45)		2.185		0.6552		0.0		0.0

		ZF		2.2313		0.6658		2.1		1.6

		With R, T=1s		2.3188		0.7513		6.1		14.7

		With R, T=1s & ZF		2.4879		0.7662		13.9		16.9

		8x2 CHT16, Dual Pol (+45/-45)		2.2357		0.6709

		8x2 CHT16 - ZF,  Dual Pol (+45/-45)		2.3021		0.675

		8x2 CHT16,  Dual Pol (+45/-45) - with R, T=1000		2.2944		0.7486

		8x2 CHT16,  Dual Pol (+45/-45 - with R, T=1000 - ZF		2.4668		0.7668

		8x2 DP16 (chordal distance = 1.749)		2.0296		0.5982

		8x2 DP16 - ZF		2.2098		0.7351

		8x2 DP16 - with R, T=1000		2.0682		0.6035

		8x2 DP16 - with R, T=1000 - ZF		2.4615		0.7494
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5% edge user throughput

Gain over base codebook in Dual Pol (+45/-45):
 8x2 SU-MIMO



		



Average throughput

5% user throughput

Gain over CHT16 base codebook in Dual Pol (+45/-45):
 8x2 MU-MIMO



		MUMIMO

		8x2 CHT16		2.2316		0.7525		0		0

		ZF		2.2616		0.7626		1.3		0.0

		With R ( T=1s)		2.4807		0.8747		11.2		16.2

		With R (T=1s) &  ZF		2.7593		0.9519		23.6		26.5

		8x2 DFT16		2.3505		0.7376		0.0		0.0

		ZF		2.4567		0.6905		4.5		-6.4

		With R ( T=1s)		2.4714		0.8663		5.1		17.4

		With R (T=1s) &  ZF		2.7738		0.9452		18.0		28.1

		8x2 DP16 (chordal distance = 1.749)		2.1737		0.7265		0.0		0.0

		ZF		2.2098		0.7351		1.7		1.2

		With R ( T=1s)		2.4532		0.8666		12.9		19.3

		With R (T=1s) &  ZF		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		8x2 DFT16		2.3505		0.7376		5		-2

		8x2 DP16		2.1737		0.7265		-3		-3
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