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Mitsubishi Electric Research Lab

Toshiyuki Kuze
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1 Feedback Description
Joint processing multi-BS MIMO is an extension of single-BS SU or MU-MIMO.  In CL-MD multiple BS transmit to one cell edge MS and in Co-MIMO multiple BS transmit to several cell edge users.

The current agreed feedback mechanism for single cell MU-MIMO in 802.16m is rank-1.
We compare two main feedback options for Co-MIMO to improve cell edge performance.
Option 1:

The MS feeds back M rank-1 PMI of the M collaborating BS. The computation is done independently for each BS.
Option 2:

The MS feeds back the strongest singular vector of the joint M collaborating BS antennas. For example, if each BS has 4 antennas and 3 BS are collaborating, the singular vector has L=12 complex numbers. 

The computation for MS with 2 antennas can be found in [1][2] and is repeated here for completeness:

1. The strongest singular vector for any subcarrier is given by 
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 i=1,2 is the i’th row of H the 2xL DL channel between the MS and all collaborating BS,  
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2. Average the phase aligned singular vectors of several subcarriers within a band to get the average singular vector.  In the simulation the band consists of 4 PRB and 1-4 subcarriers were used. There is slight performance degradation seen when using the central subcarrier in a band (4PRB) versus the average of 4 center subcarriers in each PRB.  The resulting singular vector is 
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 where j denotes one of the subcarriers.

The computation for future MS with 4 antennas can be found in [3]
Option 2a – Compressed Form:
This option can be used for correlated antennas at the BS in order to reduce the feedback overhead. 
It takes the singular vector generated in option 2 and compresses it into several parameters depending on the antenna configuration.
The following antenna configurations and feedback structures are proposed (
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 denotes the carrier wavelength):

1. 
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         In this case the strongest singular vector is approximated as a group of steering vectors 
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 with gain and phase offset between them. The rank-1 precoder for 3 collaborating BS is defined as:  
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. Three real and two complex parameters need to be fed back.
2. 
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 spaced 2 or 4 cross polarized antennas (XX or XXXX)




         Similarly to configuration 1 the feedback consists of steering vectors (2 per BS) and gain and phase offsets between them (1 per BS and 1 between BS).
The computation of the parameters for configuration 1 in the simulation (N=4) is as follows:
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The actual computation is implementation and vendor specific.
Option 2b – Joint Codebook:

This option takes the global singular vector generated in option 2 and uses base codebooks to approximate it. 

Denoting by N the number of antennas per BS, M the number of collaborating BS and V the JSV (of length MxN) the following algorithm is used:
1. Find the best matching codeword from the baseline 802.16m codebook to 
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a. Find the best matching codeword to 
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 are the elements of a 2-antenna codebook
c. Find the best matching codeword 
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3. End

All in all, this algorithm searches sequentially across M baseline codebooks and M-1 2-antenna codebooks that are used to align the different parts.

As an extension, we can use an L antenna codebook to concatenate L baseline Nt -element codewords.  We then use a 2-antenna codebooks to align the different parts.

As an example, assume collaboration of 9 BS each with 4 antennas. We first create two groups each containing 4 BS using a 4-antenna codebook. We then use a 2-antenna codebook to align the first two groups and a second time to align the result to the ninth BS.

Further extensions are possible by using a factorization of the total number of antennas using the available baseline codebooks.     

If the optimal rank-1 precoder is unknown the algorithms can still be used in a similar fashion albeit with reduced performance since each stage only finds a ‘localized’ best codeword using a subset of the antennas in that stage. 

It is theoretically possible to search across all codebooks in parallel at a cost of extremely high complexity. For example, assuming collaboration of 3 4-antenna BS, and assuming 3-bit 2-antenna codebook and 6bit 4 antenna codebook the search space will be:

1. Sequential – 64+64+8+64+8=208 codewords

2. Parallel – 64x64x64x8x8=16.77M codewords

Some hybrid approaches are possible where part of the search is done sequentially and part in parallel.  In the example above, assume an independent search for the per-BS optimal precoder is done first and then a joint search is used for the aligning codewords. This will require 3x64+8x8=256 codewords.

2 Simulation Description

We assume collaboration of 3 BS. Each BS chooses randomly one cell edge user to be served in a Co-MIMO fashion. The 3 collaborating BS transmit simultaneously to the 3 chosen cell edge users. 

Unlike single cell MU-MIMO there is no user selection in order to simplify and reduce the information transfer between the collaborating BS to rank-1 precoders only.  

Geometry 
The expected long term SINR can be seen in the plot below for 3 and 8 collaborating BS under the 16m NGMN scenario and assuming re-use 1 and 100% loading in all cells.  
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Defining cell edge users as those with less than 3dB long term SINR when served by one BS, we can see that the collaboration of 3 BS improves SNR by 7dB and the expected SINR in a Co-MIMO zone will be between 0 and 10dB.   
Using the same system simulation it is found that the expected ratio of the strongest two interferers for cell edge users as defined above is [-3, -6] dB relative to the serving cell. 
To simplify the simulation, the fast fading channels between each of the 3 serving BS and the 3 cell edge MS were assumed independent with symmetric long term power profile as seen in the table: 

	
	BS 1
	BS 2
	BS 3 

	MS 1
	0
	-3
	-6

	MS 2
	-6
	0
	-3

	MS 3
	-3
	-6
	0


The rest of the interference and thermal noise is lumped together and added as AWGN which is denoted as SNR in the table in section 4.
Other simulation assumptions are:

· MUZF simulations based on rank-1 feedback.   

· Three collaborating BS serving three cell edge MS chosen randomly.

· DL spectral efficiencies are calculated assuming an MMSE receiver at the MS and assuming the interference is perfectly known. 

· DL channel – SCM Urban Macro (15 degrees angular spread). 

· Antenna Configuration per BS– 

· 4 lambda/2 spaced antennas [ | | | | ]

· 2 4-lambda spaced cross-pols  [X  X]

· 2 4-lambda spaced vertically polarized antennas [ |    | ]

· DL Band Size – 4 PRB (assuming one precoder per band)

· DL speed and feedback delay – 3kmph, 5mS and 20mS
· DL midamble estimation – perfect

· UL feedback assumed two options:

· Perfect

· SCM Urban Macro with AWGN added at a fixed 0dB SNR per subcarrier regardless of DL SNR. Note that the receiver employed MRC combining across the antennas which provided 6dB gain for 4 antennas and 10.8dB gain for 12 antennas if UL Co-MIMO or repetition 3 is employed. 
Feedback overhead Comparison per MS:
In general the feedback overhead will depend on the expected UL channel SINR which will depend on whether Co-MIMO is employed in UL as well. 
1. Option 1: 6bit PMI x3 =18bit.  

a. Using PFBCH requires 36x3=108 subcarriers

b. Using SFBCH with rate 1/5 code requires 45 subcarriers

2. Option 2: 12 subcarriers are required to feedback 12 complex numbers. Repetition 2 or 3 can be used.

3. Option 2a: 5 subcarriers are required to feed back 3 real numbers (via phase modulation) and 2 complex numbers (via amplitude modulation).  
The feedback overhead savings of options 2 and 2a allow repetition coding for improved robustness and/or feedback of more bands.
3  Simulation Results
The following table summarizes the spectral efficiency ratios relative to option 1 for the various configurations. Results assume 5mS delay
The table includes:

1. JSV – this is option 2 with perfect UL and serves as an upper bound on performance.

2. JSV @ 0dB – A realistic SCM Urban Macro UL is assumed with AWGN at 0dB SNR per subcarrier. The receiver employed MRC combining across the antennas which provided 6dB gain for 4 antennas and 10.8dB gain for 12 antennas if UL Co-MIMO is employed. The line with Rep 2 used repetition coding to improve UL performance. 
3. Compressed JSV – this is option 2a with perfect UL.  

4. CJSV @ 0dB – Similar to 2a realistic SCM Urban Macro UL is assumed for compressed JSV

5. JSV – EwQ – this option uses element wise quantization of the JSV.  The JSV is first normalized to have average power 1 per element.

a. 2A4P – 2 bits for amplitude quantization into  
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 and 4 bits uniform phase quantization 
b. 1A4P – 1bit for amplitude quantization into 
[image: image30.wmf][1/22]

 and 4 bits uniform phase modulation 
c. 1A2P – as above with 2bits phase modulation (QPSK with two amplitude levels)

6. CJSV – EwQ – this option uses element wise quantization of the CJSV.  The CJSV contains 3 phases which are quantized uniformly and two complex offsets which are amplitude and phase quantized 

a. 4P2A4P – 4bits for the three phases. 2 bits for amplitude quantization as before and 4 bits uniform phase quantization of the complex offsets

b. 4P2A2P – similar to a with 2bits phase quantization of the complex offsets

c. 3P1A2P – similar to a with less bits
7. Joint CB – this is option 2b using several 2-antenna codebook options

a. 16e 3bit codebook

b. 16m 3bit codebook

c. 16m 2bit subset using the odd numbered codewords

d. 16m 1bit subset using codewords 1 and 5.

Conclusions:

1. Joint singular vector feedback and its variations are far superior to per-BS PMI based feedback (option 1) and can basically double the spectral efficiency.
2. Joint CB approach can close the gap to uncompressed or compressed unquantized feedback. The ratio of bits per analog complex element is 
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 and could theoretically be reduced with optimized codebooks for NM antennas
3. Usage of 16e 2-antenna codebook for JCB provides far superior performance due to the amplitude variation as opposed to the 16m constant modulus codebook.

4. Element wise quantization can be used to provide excellent performance at high UL overhead of 3bits per analog complex element.
5. Correlated antennas at the BS enable much reduced feedback with a subcarrier ratio of 
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 for M BSs each with N antennas.
6. Element wise quantization for correlated antennas provides very attractive option and competes with the joint codebook approach.  With similar overhead (24bits) better performance is achieved and with 20bits similar performance is achieved.

	Antenna Configuration
	
	DL SNR [dB]

	
	
	0
	5
	10

	Two 4-lambda spaced cross-pols

SE Ratio Relative to Option 1 – 6bit
	Joint Singular Vector (JSV)
	2.37
	2.24
	2.18

	
	JSV @ 0dB - With UL Co-MIMO
	2.27
	2.13
	2.07

	
	JSV @ 0dB
	2.00
	1.89
	1.82

	
	

	
	JSV – EwQ (2A4P)
	2.29        
	2.16
	2.10

	
	JSV – EwQ (1A4P)
	2.16    
	2.04    
	1.96

	
	JSV – EwQ (1A2P)
	1.94    
	1.83    
	1.76

	
	

	
	Joint CB with 16e 
	1.88
	1.78
	1.70

	
	Joint CB with 16m 
	1.68
	1.58
	1.50

	
	Joint CB with 2bit subset
	1.61
	1.53
	1.45

	
	Joint CB with 1bit subset
	1.39       
	1.32
	1.25

	

	Four lambda/2 spaced vertical-pols

SE Ratio Relative to Option 1 – 6bit
	Joint Singular Vector (JSV)
	1.99
	1.91
	1.91

	
	JSV @ 0dB - With UL Co-MIMO
	1.86
	1.77
	1.74

	
	JSV @ 0dB
	1.59
	1.52
	1.49

	
	JSV @ 0dB – Rep 2
	1.79
	1.71
	1.67

	
	

	
	Compressed Joint Singular Vector
	1.92
	1.83
	1.82

	
	CJSV @ 0dB
	1.40    
	1.36
	1.33

	
	CJSV @ 0dB – Rep 2
	1.63        
	1.56
	1.53

	
	CJSV @ 0dB – Rep 3
	1.72
	1.65
	1.62

	
	

	
	CJSV – EwQ (4P2A4P)
	1.84        
	1.76
	1.73

	
	CJSV – EwQ (4P2A2P)
	1.78
	1.71
	1.68

	
	CJSV – EwQ (3P1A2P)
	1.51        
	1.45
	1.40

	
	
	
	
	

	
	Joint CB with 16e
	1.79
	1.72
	1.69

	
	Joint CB with 16m 
	1.50
	1.45
	1.41

	

	Two 4-lambda spaced vertical-pols

SE Ratio Relative to Option 1 – 3bit
	Joint Singular Vector (JSV)
	2.20        
	2.17
	2.21

	
	JSV @ 0dB - With UL Co-MIMO
	1.96
	1.92
	1.90

	
	JSV @ 0dB
	1.60
	1.57
	1.53

	
	

	
	JSV – EwQ (2A4P)
	2.13
	2.11
	2.12

	
	JSV – EwQ (1A2P)
	1.83        
	1.79
	1.75

	
	

	
	Joint CB with 16e
	1.90
	1.85
	1.82

	
	Joint CB with 16m 
	1.60
	1.56
	1.52

	
	Joint CB with 2bit subset
	1.54
	1.50
	1.46


The following results summarize the gains relative to the joint codebook approach using the 16m codebooks
Two 4-lambda spaced cross-pols

	
	
	Percent Gain

	Feedback Mechanism
	Total Bits
	Total Subcarriers @

12bits per SFBCH
	DL SNR [dB]

	
	
	
	0
	5
	10

	Joint Singular Vector 
	N/A
	12
	41
	42
	45

	JSV @ 0dB – Rep 3
	N/A
	36
	35
	35
	38

	JSV @ 0dB
	N/A
	12
	19
	20
	21

	

	JSV – EwQ (2A4P)
	72
	180
	36
	37
	40

	JSV – EwQ (1A2P)
	36
	90
	15
	16
	17

	

	Joint CB with 16e
	24
	60
	12
	13
	13


Four lambda/2 spaced vertical-pols

	
	
	Percent Gain

	Feedback Mechanism
	Total Bits
	Total Subcarriers @

12bits per SFBCH
	DL SNR [dB]

	
	
	
	0
	5
	10

	Joint Singular Vector 
	N/A
	12
	33
	32
	35

	JSV @ 0dB – Rep 3
	N/A
	36
	24
	22
	23

	JSV @ 0dB
	N/A
	12
	6
	5
	6

	

	Compressed JSV 
	N/A
	5
	28
	26
	29

	CJSV @ 0dB – Rep 3
	N/A
	15
	15
	14
	15

	CJSV @ 0dB – Rep 6
	N/A
	30
	22
	21
	23

	

	CJSV – EwQ (4P2A4P)
	24
	60
	23
	21
	23

	CJSV – EwQ (4P2A2P)
	20
	50
	19
	18
	19

	

	Joint CB with 16e
	24
	60
	19
	19
	20
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Appendix A – Higher Delay Effects
The following table summarizes the spectral efficiency ratios relative to option 1 for some configurations. Results assume 20mS delay.
The gains are reduced by about 5% but are still extremely high.

	Antenna Configuration
	
	DL SNR [dB]

	
	
	0
	5
	10

	Two 4-lambda spaced cross-pols

SE Ratio Relative to Option 1 – 6bit
	Joint Singular Vector (JSV)
	2.21
	2.07
	2.00

	
	

	
	Joint CB with 16e 
	1.78
	1.69
	1.62

	

	Four lambda/2 spaced vertical-pols

SE Ratio Relative to Option 1 – 6bit
	Joint Singular Vector (JSV)
	1.88
	1.79
	1.76

	
	

	
	Compressed Joint Singular Vector
	1.80
	1.73
	1.70

	
	

	
	Joint CB with 16e
	1.70
	1.64
	1.60

	

	Two 4-lambda spaced vertical-pols

SE Ratio Relative to Option 1 – 3bit
	Joint Singular Vector (JSV)
	2.10        
	2.08
	2.10

	
	

	
	Joint CB with 16e
	1.85
	1.83
	1.82


Appendix  B – PA Imbalance Issues
The following plots show histograms of PA imbalance per BS. The computation follows Samsung’s contribution C80216m-08_851r1 (PAPR section) and assumes each BS serves 12 subbands (and in each one talks to 3 cell edge users).

The antenna configuration used was the 4 lambda spaced cross pols.

An assumption was made that the long term path loss between MS and BS is symmetrical. In other words, all collaborating BS see on average the same path loss profile to the served cell edge MSs. 

The results show that regardless of the feedback (PMI, JSV, CJSV) the PA imbalance per BS is on average the same. This is mainly due to the ZF operation used for Co-MIMO.
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We also explore the extreme unlikely case where all cell edge users served under Co-MIMO belong to one BS and have stronger long term average signal with that BS.

We assume a power profile of all the users to be 
	
	BS 1
	BS 2
	BS 3 

	MS 1
	0
	-3
	-6

	MS 2
	0
	-3
	-6

	MS 3
	0
	-3
	-6


As before the fast fading is independent between all the MS and BS links.

We compare several constant modulus feedback schemes that force equal power between all BS antennas. 
The baseline configuration is the 4bit constant modulus subset 4-antenna codebook

The options simulated are:

1. JSV – As before this is a baseline upper bound with no constraints

2. CM -JSV – this is a constant modulus JSV where the amplitude of all elements is fixed at 1

3. CM- CJSV – similarly with compressed JSV for correlated antennas 

4. Joint CB with 16m – as before this is a codebook based approach using only constant modulus codebooks.

	Antenna Configuration
	
	DL SNR [dB]

	
	
	0
	5
	10

	Two 4-lambda spaced cross-pols

SE Ratio Relative to Option 1 – 4bit
	Joint Singular Vector (JSV)
	2.45
	2.31
	2.27

	
	

	
	CM-JSV
	2.06
	1.94
	1.85

	
	CM -JSV @ 0dB
	1.75    
	1.66    
	1.58

	
	CM -JSV @ 0dB Rep 2
	1.92
	1.82
	1.73

	
	

	
	Joint CB with 16m 
	1.68
	1.62
	1.54

	

	Four lambda/2 spaced vertical-pols

SE Ratio Relative to Option 1 – 4bit
	Joint Singular Vector (JSV)
	1.99
	1.89
	1.92

	
	

	
	Compressed Joint Singular Vector
	1.88     
	1.78
	1.79

	
	CM - CJSV 
	1.64            
	1.57
	1.52

	
	

	
	Joint CB with 16m 
	1.49     
	1.44
	1.38


Appendix C – PAPR at the MS
The following plots show PAPR for an MS transmitting over 18 and 72 subcarriers (one and four subchannels). 

The subcarriers were mapped with QPSK, 64QAM or integer number of singular vectors (V). Note that 64QAM will have total power fluctuation but this specific mapping of V has always constant total power 1.

It is seen that an unquantized singular vector (V) source has slightly less PAPR especially with smaller number of subcarriers. 

This may be explained by noticing that V has more amplitude variation but with constant total power 1 and is therefore a smoother input signal that creates less peaky time domain signal (after the IFFT) just like a total power normalized 64QAM.
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Proposed text

15.2.X.3.2 DL Multi-BS Joint MIMO Processing

Add at the end of the first section:

The MS calculates V, the joint rank-1 precoder of the MxN collaborating ABS transmit antennas (where each BS has N antennas) and feeds it back to the serving ABS. The following feedback options are supported: 
1.  The MxN complex elements of V are mapped to MxNxL subcarriers using repetition-L coding.
2. Compressed Form – The MS approximates the rank-1 precoder as M steering vectors 
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 with complex (gain and phase) offsets between them and feeds back M phases as 
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 mapped to MxL subcarriers and (M-1) complex weights mapped to (M-1)xL subcarriers using repetition-L coding 

3. Joint codebook – the MS feeds back M N-antenna PMI and (M-1) 2-antenna PMI. The BS weighs the first two N-antenna PMI using the first 2-antenna PMI to create a length 2N codeword. It then successively weighs the current codeword with the next N-antenna PMI using the next 2-antenna PMI until a codeword of length MxN is reached.

4. Hybrid – The MS feeds back unquantized phases and optionally one bit quantized amplitudes.

a. The elements of V are divided by their absolute value and mapped onto MxNxL subcarriers using repetition-L coding.  

b. The amplitudes of V are normalized to have average power per element 1 and are quantized to one bit using the quantization thresholds [0.5 1.5]. 







PAGE  
16

_1304770298.unknown

_1306227716.unknown

_1306228455.unknown

_1306228609.unknown

_1306570998.unknown

_1306588803.unknown

_1306588946.unknown

_1307265546.unknown

_1306571105.unknown

_1306228782.unknown

_1306228557.unknown

_1306228592.unknown

_1306228476.unknown

_1306228423.unknown

_1304787837.unknown

_1306227519.unknown

_1306227658.unknown

_1306227423.unknown

_1306227495.unknown

_1304777239.unknown

_1304787123.unknown

_1300207241.unknown

_1304755098.unknown

_1304755187.unknown

_1304769855.unknown

_1304342105.unknown

_1300207249.unknown

_1276519142.unknown

_1276519489.unknown

_1276518936.unknown

