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1 Introduction
Several different approaches for closed loop MU-MIMO schemes were recently proposed for LTE-A [1-5]. In this contribution, we use system level simulations in order to examine & compare these approaches as well as the well known statistical beamforming approach of e.g. [6]. Our focus is on 8-Tx 0.5λ deployments, where we show that best performance is obtained when channel covariance measurements are fed-back by the UE to the eNB. Furthermore, we show that this feedback can be of very low rate, and that additional PMI feedback is not required. The main reason behind this result has to do with the antenna configuration and the geometrical assumptions in the Spatial Channel Model of relatively small angle spread around the angle-of-departure, which in turn yields slow variation of the channel principal eigen mode. 
2 Feedback and Precoding Methods

Our feedback model contains PMI, CQI and the empirical channel covariance matrix with different levels of time (and frequency) averaging. The following table summarizes the set of feedback categories that we consider:

	Feedback
Category
	PMI
	CQI
	Channel Covariance 

	1
	Short-term
	Short-term
	No Feedback

	2
	Short-term
	Short-term
	Short/Long Term

	3
	No Feedback
	Short-term
	Short/Long Term


Table 1: Feedback categories
The first category is the one which the LTE Rel.8 feedback belongs to, with short-term PMI and CQI feedback, and we use it as a baseline. In the second category we have channel covariance as an additional feedback quantity. Example of such a scheme that employs codebook transformation based on transmit covariance (R) was presented in [1]. The 3rd category is the method known in the literature as “statistical beamforming” [6], where the precoding is based only on the channel covariance matrix (i.e. no PMI feedback is used). 

We also consider two precoding schemes for the feedback categories that include PMI: One where the precoding for a given UE is the reported PMI by that UE, the other where the PMI’s reported by two UE’s are used to compute Zero-forcing precoders (such as in [8]). The 4 combinations of feedback-precoding schemes are nicknamed as follows:
· 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 
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.

One of the primary goals of this study is to determine whether it is possible to obviate the need for PMI reporting using the empirical channel covariance. This leads to the third feedback category in which precoders are constructed from the channel covariance feedback alone. One such scheme uses the principal eigenvector of R to construct ZF, MMSE and other types of precoders. We nickname this method as follows:

· R-EIG-ZF: The principal eigenvector of R for the paired UEs are used as the base vectors to perform ZF. The feedback consists of the principal eigenvector of R, which has a reduced overhead compared to the entire R feedback.

In order to verify that our conclusions are insensitive to the specific codebook design used, we considered three 8TX codebooks for each of the four CB-based precoding schemes: 
1. DP16: 4-bit codebook corresponding to two sets of the 8 orthogonal codewords generated by the method described in section 2.4 of [4], and nicknamed DP16 (Direct product of LTE 4TX and 2TX codebooks).  The two sets are selected based on the minimum Chordal distance. This selection has not been optimized yet for all channels or antenna configurations.  

2. CHT16: 4-bit CHT codebook from [5],  
3. DFT16: 4-bit DFT based codebook from [7]
We also examined frequency-selective and non-selective feedback options, depending on whether each of the feedback quantities is per the entire system bandwidth (WB) or per a PRB sub-band (SB). This allows us to identify which quantity requires frequency-selective feedback more critically.

	PMI
	CQI
	Channel Covariance 

	 SB
	SB
	SB

	 SB
	SB
	WB

	No FB
	SB
	SB

	No FB
	SB
	WB

	No FB
	WB
	WB

	WB
	WB
	WB


Table 2: Possible combinations of wideband (WB) and frequency-selective (SB) feedback quantities
We note that the performance with both R-based codebook adaptation and R-based precoding depends on the feedback rate and accuracy of the estimated R used by the eNB. In our simulations (and also in [1]) the empirical R is estimated over a certain time window and the length of this window is directly related to the feedback rate. The shorter the averaging interval the better is the CSI knowledge at the eNB but the larger is the feedback overhead (clearly, in the limit of no averaging the eNB would have the full CSI). In [1] the averaging interval was T=70 ms (1000 samples at 15 kHz sampling rate were used); Here we evaluated also a much longer window of T=1 sec which would incur much smaller feedback overheads. 
We did not include any quantization errors to the R feedback, and the estimated channel at the UE (which is used to compute R) was assumed to be perfectly known.

3 Simulation Results

System level simulations were performed based on the assumptions given in Appendix 6.1. A major assumption we make is that the UE employs an MMSE receiver, which 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. The scheduling algorithm and the additional UE receiver assumptions used in all simulations are described in Appendix 6.2. System level simulations pertaining to SU-MIMO and its comparison with MU-MIMO for the CQI/PMI/Covariance feedback is available in Appendix B, for completeness.
3.1 Value of Codebook-Transformation and ZF for MU MIMO

We consider two TX antenna configurations: Uniform linear array (ULA) and dual polarized antennas. The antenna configuration affects the correlation structure of the covariance matrix and therefore can be expected to affect system performance.
In the following figures we compare the various feedback-precoding options to the base line (CB). The baseline may considered as the 8TX equivalent of Rel-8 feedback (PMI & CQI) and precoding (by the requested PMI).
3.1.1 ULA 0.5λ
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Figure 2: (a) (b) (c): MU-MIMO gains (%) with ZF, codebook-adaptation, and ZF+codebook-adaptation relative to baseline MU-MIMO, for (a) CHT, (b) DFT and (c) DP respectively. (d)  Baseline performance of DFT and DP relative to CHT. R-feedback period is T=1 sec.
We make the following observations:

1. ZF without codebook transformation yields negligible gain.

2. Codebook transformation alone yields near 15% gain. 

3. ZF + codebook transformation yields near 25%.

4. The performance of R-CB-ZF is similar for all 3 codebooks. We therefore expect that the base codebook can be further reduced without much loss.
3.1.2 Dual Polarized 0.5λ
An 8TX dual polarized setup (i.e., 4 dual-polarized elements) has lower TX correlation compared to ULA. Consequently, the gains from the covariance feedback are smaller as is evident from Figure 3, but they are still significant. 
[image: image2.emf]Gain over CHT16 base codebook in Dual Pol (+45/-45):
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Figure 3: Dual-polarized antenna configuration with CHT16 codebook.
3.2 PMI and Channel Covariance Feedback Rates for MU-MIMO
We are interested in examining the value of an explicit PMI feedback in addition to the covariance, and in the required update rate of the covariance. Here we examine ULA configuration with both 0.5λ and 10λ.
Figures 4a and 4b compare the performance of MU-MIMO for the three feedback categories in Table 1. We make the following observations.

1. For the 0.5λ case, ZF based on principal eigenvector of the channel covariance (R-EIG-ZF) performs similarly to the ZF based on adapted codebook (R-CB-ZF) regardless of the covariance feedback rate. Since the latter scheme requires explicit feedback of PMI, significant overhead can be reduced with just covariance feedback along with CQI. For the 10λ case, R-EIG-ZF with T=1s suffers significant performance degradation compared to R-CB-ZF with T=1s. However with faster covariance update rate (T=50ms or 5ms), R-EIG-ZF outperforms R-CB-ZF.
2. For the 0.5λ case, decreasing the covariance feedback interval to 5ms does not provide any significant improvements in any feedback case. In other words, the covariance feedback update interval of 1s is sufficient to capture most of the performance improvement. For the 10λ case the required feedback interval is 50 ms. 
3. With a covariance update rate that is faster than 50ms the R-EIG-ZF method performs better than R-CB-ZF. This can be attributed to the inherent quantization error in the PMI feedback while there is no such quantization error in R-EIG-ZF since we assume ideal R feedback.
4. As noted in section 2 the overhead for the R-EIG-ZF feedback is smaller than for R-CB-ZF. 
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Figure 4a: Comparison of 8x2 MU-MIMO schemes for various feedback scenarios for 0.5λ Tx ULA. The vertical axis shows the % gain over the baseline CB scheme. For the scenarios with explicit PMI feedback, the base codebook is CHT16
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Figure 4b: same as (4a) for 10λ Tx ULA..
3.3 Frequency-selective Feedback
1. Figure 5 compares the various bandwidth-related options for the CQI/PMI/R feedback as outlined in Table 2.  Here 1 SB means 1 PRB. Wideband PMI/CQI/R is used as baseline for comparison. All results correspond to 0.5λ ULA, and to R update-period of T=1s. We make the following observations:
2. Frequency-selective CQI alone provides performance improvements of 15% and 25% in average and 5-percentile throughputs, respectively.

3. There is no gain from frequency-selective R.
4.  Frequency-selective PMI yields a small gain in the average throughput but a large gain in the cell-edge throughput.
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Figure 5: Frequency-selective (SB) feedback options compared to wideband. 
4 Summary & Conclusions

Several different eNB configurations and different codebook designs were simulated. Based on these simulations we draw the following conclusions, which are insensitive to the specific codebook used. 
1. For ULA, 0.5λ Tx antenna configuration there are significant gains in average & cell-edge throughputs, when using channel covariance feedback. The channel covariance can be fed back at a very slow rate and in a non-frequency selective fashion. In such case there is no considerable degradation if there is no explicit PMI reporting. 
2. The benefit of slow-rate covariance-feedback and the lack of need for PMI feedback hold also for dual-polarized 0.5λ Tx antenna configuration. However, the overall achieved gains are smaller than with the ULA setting, since the channel is less correlated. 
The main reasoning behind these conclusions has to do with the antenna configuration and the geometrical assumptions in the Spatial Channel Model, leading to a relatively small angle spread around the signal’s angle-of-departure, which in turn yields slow variation of the channel principal eigen mode over time. Hence, once the channel covariance matrix is known at the eNB, close to optimal beamforming is possible. Thus, additional CSI in the form of higher rate covariance feedback and/or additional PMI feedback are not really required. 
For larger antenna spacing deployments, e.g. the 10λ set-up we simulated, these conclusions do not hold anymore. However, feeding back the channel covariance matrix still yields performance improvements, except that now the feedback rate should be much higher. Also, PMI feedback further improves performance.  
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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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	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/PMI/R report interval 
	5ms, 50ms 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
	Wideband and 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
	LMMSE


6.2 The scheduling algorithm used in the simulations

UE pairing is performed using a Chordal-distance based metric, where a threshold is set to prevent UE’s with closely spaced precoders to get paired up.  The scheduler works as follows:

1. For each TTI, calculate the proportional fair (PF) metric of each UE based on the reported CQIs and the average user throughput.

2. The UE with the largest PF metric is chosen as the primary UE.  

3. Generate a list of all the UE’s for which their reported preferred PMI has a Chordal-distance (to the primary UE preferred PMI) which is above a threshold.
4. If the list is empty, SU transmission to the primary UE is carried out. Otherwise continue to step 5.

5. A secondary UE with the largest PF metric is chosen from the list. This secondary UE is paired up with the primary UE to form MU transmission.
For the case of no PMI reporting the principal eigenvector of R is taking the PMI role.

6.3 UE Receiver

In all precoding options the UE performs MMSE demodulation using perfect knowledge of the precoded channel of both the desired and interfering transmissions, assuming they can be derived, for example, from the precoded UE-specific RS.
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7 Appendix B

7.1 SU-MIMO Simulation 

We show SU-MIMO simulation results with the above feedback schemes for completeness.

For SU-MIMO, codebook adaptation helps in gaining around 2-4% in average throughput while the 5-percentile throughput gain is in the order of 5-8%. Figures 5a and 5b show the relative performance of the base codebooks and their adaptive versions with CHT16 codebook as baseline for ULA and Dual-polarized configuration. We observe that covariance feedback is not as beneficial for SU-MIMO as it is for MU-MIMO.
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Figure 6a: SU-MIMO throughput gains with codebook adaptation relative to CHT16 baseline. Antenna configuration: 8X2 0.5λ ULA.
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Figure 6b: same as (5a) but for 0.5λ dual-polarized.

7.2 Correlation aware SU-MIMO versus Correlation aware MU-MIMO 

Figure 6 compares the performance of SU-MIMO and MU-MIMO for the case of covariance feedback in addition to PMI and CQI for 0.5λ ULA and dual polarized antenna configurations. Here the codebook is adapted based on the R feedback. It can be clearly seen that MU-MIMO benefits more in terms of average throughput than edge throughput. This is because at high SNR MU-MIMO can multiplex two streams regardless of channel correlation whereas with 0.5λ SU-MIMO can transmit only a single spatial layer. 

[image: image10]
Figure 6: MU-MIMO throughput gains over SU-MIMO, with both schemes using R-based codebook adaptation. (a) 8X2 0.5λ ULA (b) 8X2 0.5λ dual polarized.
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[image: image15.emf]Gain over CHT16 base codebook in Dual Pol (+45/-45):
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[image: image16.emf]Gain over base codebook in Dual Pol (+45/-45):
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[image: image18.emf]SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ 

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

SU R-CB (T=1s) MU R-CB (T=1s) MU R-CB-ZF (T=1s)

Percentage gain (loss)

Average throughput 5% user throughput

[image: image19.emf]ULA,  CHT16

0

5

10

15

20

25

30

CB (CHT16) CB-ZF R-CB ( T=1s) R-CB-ZF (T=1s)

Percentage gain (loss)

Average throughput 5% user throughput

[image: image20.emf]DFT16

-10.0

-5.0

0.0

5.0

10.0

15.0

20.0

25.0

30.0

CB (DFT16) CB-ZF R-CB ( T=1s) R-CB-ZF (T=1s)

Percentage gain (loss)

Average throughput 5% user throughput

[image: image21.emf]DP16

0.0

5.0

10.0

15.0

20.0

25.0

30.0

CB (DP16) CB-ZF R-CB ( T=1s) R-CB-ZF (T=1s)

Percentage gain (loss)

Average throughput 5% user throughput

[image: image22.emf]Comparison of base codebooks w. r. t. CHT16

-4

-3

-2

-1

0

1

2

3

4

5

6

CHT16 DFT16 DP16 

Percentage gain (loss)

Average throughput 5% user throughput

[image: image23.emf]MU-MIMO vs SU-MIMO: ULA 0.5λ 
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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
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		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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ
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Chart12

		CHT16		CHT16

		DFT16		DFT16

		DP16		DP16



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16

0

0

5.3280157734

-1.9800664452

-2.5945509948

-3.4551495017



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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ
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		SU R-CB (T=1s)		SU R-CB (T=1s)

		MU R-CB (T=1s)		MU R-CB (T=1s)

		MU R-CB-ZF (T=1s)		MU R-CB-ZF (T=1s)



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ

0

0

22.2079905414

5.9857021689

35.9328045717

15.3398764086



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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ




_1307275240.xls
Chart16

		SU R-CB (T=1s)		SU R-CB (T=1s)

		MU R-CB (T=1s)		MU R-CB (T=1s)

		MU R-CB-ZF (T=1s)		MU R-CB-ZF (T=1s)



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ

0

0

19.3412249099

-0.4900662252

28.0442614514

1.4834437086



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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ
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Chart11

		CB (DP16)		CB (DP16)

		CB-ZF		CB-ZF

		R-CB ( T=1s)		R-CB ( T=1s)

		R-CB-ZF (T=1s)		R-CB-ZF (T=1s)



Average throughput

5% user throughput

Percentage gain (loss)

DP16

0

0

1.6607627547

1.1837577426

12.8582601095

19.2842395045

26.3329806321

26.3454920853



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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ
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Chart26

		ZF		ZF

		With R, T=1s		With R, T=1s

		With R, T=1s & ZF		With R, T=1s & ZF



Average throughput

5% user throughput

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

2.118993135

1.6178266178

6.1235697941

14.6672771673

13.8627002288

16.9413919414



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 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





		



Average throughput

5% user throughput
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Average throughput

5% user throughput

DFT16



		



Average throughput

5% user throughput

DP16



		



Average throughput

5% user throughput

Comparison of base codebooks w. r. t. CHT16




_1307266580.xls
Chart9

		CB (CHT16)		CB (CHT16)

		CB-ZF		CB-ZF

		R-CB ( T=1s)		R-CB ( T=1s)

		R-CB-ZF (T=1s)		R-CB-ZF (T=1s)



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16
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1.3443269403

0.01

11.1623946944

16.2
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26.4983388704



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





10s DualPol

		SU-MIMO Dual Pol (+45/-45)		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

		MU-MIMO Dual Pol (+45/-45)

		CB (CHT16)		2.185		0.6552		0.0		0.0

		CB-ZF		2.2313		0.6658		2.1		1.6

		R-CB (T=1s)		2.3188		0.7513		6.1		14.7

		R-CB-ZF (T=1s)		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





10s DualPol

		



Average throughput

5% edge user throughput

Percentage gain

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



ULA SUMU MIMO Yan

		



Average throughput

5% user throughput

Percentage gain

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



Subband

		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





Subband

		1.3		11.2		23.6		5.3		10.1		10.7		24.3		-2.6		-1		9.9		23.1



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO average througput comparison



ULA GKS

		1.3		16.2		26.5		-2		-8.2		15.1		25.6		-3.5		-2.3		15.2		22



CHT, ZF

CHT, with R, T=1s

CHT, with R, T=1s, ZF

DFT base CB

DFT, ZF

DFT, with R, T=1s

DFT, with R, T=1s, ZF

Marvell base CB

Marvell, ZF

Marvell, with R, T=1s

Marvell, with R, T=1s, ZF

SCM8x2 MU-MIMO 5% edge user throughput comparison



Stat Mux

		



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 Average Throughput



SU versus MU

		



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



		

										WB PMI/CQI/R		28.32		0.96		0		0

										WB CQI/R		28.05		0.91		-0.9533898305		-5.2083333333

										SB CQI, WB R		32.77		1.19		15.7132768362		23.9583333333

										SB CQI/R		32.62		1.19		15.1836158192		23.9583333333

										SB CQI/PMI, WB R		33.69		1.33		18.9618644068		38.5416666667

										SB PMI/CQI/R		33.49		1.32		18.2556497175		37.5





		



Average throughput

5% edge user throughput

Percentage gain (loss)

Percentage Gain over WB PMI/CQI/R



		MUMIMO

		CB (CHT16)		2.2316		0.7525		0		0

		CB-ZF		2.2616		0.7626		1.3		0.0

		R-CB ( T=1s)		2.4807		0.8747		11.2		16.2

		R-CB-ZF (T=1s)		2.7593		0.9519		23.6		26.5

		CB (DFT16)		2.3505		0.7376		0.0		0.0

		CB-ZF		2.4567		0.6905		4.5		-6.4

		R-CB ( T=1s)		2.4714		0.8663		5.1		17.4

		R-CB-ZF (T=1s)		2.7738		0.9452		18.0		28.1

		CB (DP16)		2.1737		0.7265		0.0		0.0

		CB-ZF		2.2098		0.7351		1.7		1.2

		R-CB ( T=1s)		2.4532		0.8666		12.9		19.3

		R-CB-ZF (T=1s)		2.7461		0.9179		26.3		26.3

		CHT16		2.2316		0.7525		0		0

		DFT16		2.3505		0.7376		5		-2

		DP16		2.1737		0.7265		-3		-3





		



Average throughput

5% user throughput

Percentage gain (loss)

ULA,  CHT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DFT16



		



Average throughput

5% user throughput

Percentage gain (loss)

DP16



		



Average throughput

5% user throughput

Percentage gain (loss)

Comparison of base codebooks w. r. t. CHT16



		

		Half Lambda

		SU-MIMO baseline				19.958		0.7836

		CB				22.316		0.7525		0		0

		R-EIG-ZF (T=1s)				28.05		0.91		25.6945689192		20.9302325581

		R-CB-ZF (T=1s)				28.32		0.96		26.9044631654		27.5747508306

		R-EIG-ZF (T=50ms)				29.29		0.99		31.2511202725		31.561461794

		R-CB-ZF(T=50ms)				28.85		0.98		29.27944076		30.2325581395

		R-EIG-ZF(T=5ms)				29.73		1.01		33.2227997849		34.219269103

		R-CB-ZF(T=5ms)				29.06		0.99		30.2204696182		31.561461794

		10 Lambda

		SU-MIMO baseline				18.59		0.56

		CB				19.78		0.57		0		0

		R-EIG-ZF (T=1s)				17.86		0.42		-9.7067745197		-26.3157894737

		R-CB-ZF (T=1s)				20.64		0.57		4.347826087		0

		R-EIG-ZF (T=50ms)				25.86		0.81		30.7381193124		42.1052631579

		R-CB-ZF(T=50ms)				25.48		0.79		28.8169868554		38.5964912281

		R-EIG-ZF(T=5ms)				27.65		0.9		39.7876643074		57.8947368421

		R-CB-ZF(T=5ms)				26.6		0.84		34.4792719919		47.3684210526





		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB: 0.5λ ULA



		



Average throughput

5% user throughput

Percentage gain (loss)

Relative gain (%) of feedback schemes over CB:  10λ ULA



		

		Wideband ULA

		8x2 SU CHT16		1.9958		0.7836

		8x2 SU CHT16 - with R, T=1000		2.0299		0.8253										SU R-CB (T=1s)		2.0299		0.8253		0		0

		8x2 MU CHT16		2.2316		0.7525										MU R-CB (T=1s)		2.4807		0.8747		22.2079905414		5.9857021689

		8x2 MU CHT16 - ZF		2.2616		0.7626										MU R-CB-ZF (T=1s)		2.7593		0.9519		35.9328045717		15.3398764086

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

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

		Wideband dual polarized

		SU R-CB (T=1s)		1.943		0.755		0.0		0.0

		MU R-CB (T=1s)		2.3188		0.7513		19.3		-0.5

		MU R-CB-ZF (T=1s)		2.4879		0.7662		28.0		1.5





		



Average throughput

5% user throughput

Percentage gain

MU-MIMO vs SU-MIMO: ULA 0.5λ



		



Average throughput

5% user throughput

Percentage gain (loss)

SU-MIMO vs MU-MIMO: Dual Polarized 0.5λ
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Chart25

		CHT16, with R, T = 1s		CHT16, with R, T = 1s

		DFT16, with R, T = 1s		DFT16, with R, T = 1s

		DP16, with R, T=1s		DP16, with R, T=1s



Average throughput

5% edge user throughput

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

3.3125963737

9.2303240741

2.6361000752

7.1174377224

4.8001749494

8.5592221567



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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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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5% user throughput
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Average throughput

5% user throughput

DP16
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5% user throughput

Comparison of base codebooks w. r. t. CHT16
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