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1
Introduction
In this document, we compare the system performance of DL closed-loop SU-MIMO for different number of precoding matrices and different feedback granularity (in frequency) in the 2x2 antenna configuration. 

We define sub-band as the localized frequency resource unit for which a separate CQI is reported. We focus on the impact of reporting granularity of the precoding matrix information and/or antenna subset information when it is larger than the sub-band size.

We assume that a single common rank is reported for the entire system bandwidth. The following notations are used to distinguish different precoding matrix/antenna subset/CQI reporting schemes:
1) r : common rank, per subband antenna subset, per subband precoding matrix, per subband CQI with subband scheduling 
2) a : common rank, common antenna subset, per subband precoding matrix, per subband CQI with subband scheduling
3) ss : common rank, common antenna subset, common precoding matrix, per subband CQI with subband scheduling
4) ns : common rank, common antenna subset, common precoding matrix, common CQI with no subband scheduling (one user at a time over the entire system bandwidth)

When the common feedback information is reported, UE selects it to maximize the capacity summed across the entire band.  We see that the feedback overhead decreases in the order of 1), 2), 3), and 4). 
2
System Performance
2.1
Simulation Assumptions

The simulation assumptions are in line with [1]. The main simulation assumptions are summarized in Tables 1-3:

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites wraparound

	Number of users per cell
	10

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio for Macro

0dBi omni for Micro 

	Antenna Gain
	14 dB (Macro)

	Power allocated to data transmission
	100 % of total cell power

	HARQ scheme
	IR 

	Max number of transmissions
	3

	Number of HARQ interlaces
	6

	BS total Tx power
	46 dBm

	TTI length
	1 ms

	Bandwidth
	10 MHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied subcarriers
	600

	Number of overhead OFDM symbols per TTI
	4

	Number of OFDM symbols per TTI
	14

	Number of subcarriers per RB
	12

	Antennas Configurations
	2x2

	Number of 2x2 precoding matrices
	1, 2, 4, or 8

	Virtual antenna subset selection
	Selected out of  {1st column,  2nd column,  both columns} of the selected 2x2 precoding matrix

	Precoding Matrices
	G Rotated-DFT based  precoding matrices are considered for the N transmit antennas, where the gth precoding matrix has the (m,n) element of
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	Specific fast fading model
	Urban Macro SCM specified modelling [2] with TU delay profile (Table 2 and Appendix A) 

D1 Propagation model (Table 3)

	Inter-cell interference modelling
	Serving cell and the three strongest interfering cells have all multipaths modelled. Remaining cells are modelled as single path Rayleigh fading

	Link to system interface
	20 AWGN curves used along with the corresponding payload adjustment; Constrained Capacity ESNR method to calculate supportable data rate and PER [3]

	CQI feedback delay
	3 ms

	CQI feedback period
	3 ms

	CQI reporting granularity in frequency
	Reported per subband

	MCS selection
	<=10% of the raw BLER + Backoff (adjusted with an outer-loop as specified in Appendix)

	Receiver Configuration
	LMMSE

	Scheduling algorithm
	Proportional Fair, Throughput Filter time constant=1.5s

	Warmup Duration [s]
	1.5

	Simulation Duration [s] (over 57 cells)
	10


Table 1

Simulation Assumptions

The channel delay and power profiles are fixed for each specific channel model as given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile

The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R[km])


Table 3

Deployment Scenarios
The remaining assumptions pertaining to the modelling details are specified in Appendix A.
2.2 Results

Table 4 compares the normalized cell throughput (bps/Hz) for different UE feedback reporting schemes (ns, ss, a, r) when there are 1, 5, 8, and 25 subbands in the 10MHz system bandwidth. Note that the case of 1 subband corresponds to the no subband scheduling scheme (i.e., ns scheme). 
In Table 4, we have the following observations:

· Fine granularity reporting of CQI significantly improves the cell throughput through the fine granularity subband scheduling. Frequency selectively scheduling with 25 subbands improves the cell throughput by more than 30% w.r.t. the TDM scheduling (1 subband in 10MHz) regardless of the number of precoding matrices or the precoding matrix/antenna subset feedback schemes. The throughput gain from 8 subbands to 25 subbands is around 10%. Thus, we find that there is a clear trade-off between downlink throughput performance and uplink CQI feedback overhead. 
· The cell throughput improvement though the fine granularity reporting of precoding matrix or antenna subset information is negligible. The throughput difference between the ss scheme (common report of precoding matrix and antenna subset over the entire system bandwidth) and the r scheme (per subband report of precoding matrix and antenna subset) is smaller than 2-3% even in the case of 25 subbands (2RBs per subband). Figure 1 plots a detailed comparison of the normalized cell throughput between the two schemes for different number of subbands when 4 precoding matrices are used, where we find no value of fine granularity reporting of precoding matrix or antenna subset information. 

· Increase of the number of precoding matrices from 1 to 8 improves the cell throughput by at most 4-5%. Figure 2 plots a detailed comparison of the normalized cell throughput among different number of precoding matrices in the case of 25 subbands, where we find a very little gain when we increase the number of precoding matrices from 1 to 8 matrices. The value of a large number of precoding matrices will further diminish if an MMSE-SIC receiver is used instead of LMMSE receiver.
The fine granularity reporting of the precoding matrix and antenna subset information not only increases the uplink control overhead but also increases the downlink control overhead. The system analysis shows that the fine granularity reporting of CQI and the corresponding frequency selective scheduling leave little room to further improve the system performance through the enhanced precoding. 

	
	# Precoding matrices
	1 Subband

(50 RBs/ SB)
	5 Subband

(10 RBs/ SB)
	8 Subbands

(6RBs/ SB)
	25 subband

(2 RBs/ SB)

	ss
	1
	1.2981
	1.4823
	1.5608
	1.7169

	
	2
	1.3247
	1.5158
	1.5944
	1.7515

	
	4
	1.3324
	1.5241
	1.6048
	1.7616

	
	8
	1.3357
	1.5264
	1.6076
	1.7645

	a
	1
	1.2981
	1.4823
	1.5608
	1.7169

	
	2
	1.3247
	1.5214
	1.6087
	1.7757

	
	4
	1.3324
	1.5359
	1.6257
	1.7964

	
	8
	1.3357
	1.5401
	1.6317
	1.8029

	r
	1
	1.2981
	1.4926
	1.5764
	1.7379

	
	2
	1.3247
	1.5294
	1.6196
	1.7907

	
	4
	1.3324
	1.5408
	1.6351
	1.8072

	
	8
	1.3357
	1.5438
	1.6377
	1.8113


Table 4: Cell Spectral Efficiency (bps/Hz) 
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Figure 1: Cell Spectral Efficiency vs Number of Subbands
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Figure 2: Cell Spectral Efficiency vs. Number of Precoding Matrices
3
Conclusions
In this document, we analyzed the reporting granularity of CQI, precoding matrix information, and antenna subset information through system simulations. 
According to the simulation results in the 2x2 10MHz SCM channel, we conclude that

· Fine granularity CQI reporting can significantly improve the cell throughput performance through a frequency selective scheduling at the cost of increased uplink feedback overhead.
· Fine granularity precoding matrix or antenna subset information does not practically increase the cell throughput, simply increasing the uplink feedback overhead.
· Multiple precoding matrices improve the cell throughput performance very little at the cost of increased uplink feedback overhead.
Therefore, we propose to allow
· either a single common  feedback of precoding matrix and antenna subset information over the entire band per UE

· or at least a coarse reporting granularity of precoding matrix and antenna subset information (e.g., 5 RBs/10RBs/entire band)

in the LTE DL MIMO. We also propose to restrict the number of precoding matrices to a minimal level (e.g., up to 2 precoding matrices) in the 2x2 MIMO. 

A
Appendix I
A.1
Packet Formats


The packet formats are given by modulation and code rates specified in Table A-1.
	Modulation
	Code Rate

	QPSK
	1/8

	QPSK
	1/6

	QPSK
	¼

	QPSK
	1/3

	QPSK
	½

	QPSK
	3/5

	QPSK
	2/3

	QPSK
	¾

	QPSK
	4/5

	16QAM
	½

	16QAM
	2/3

	16QAM
	¾

	16QAM
	4/5

	64QAM
	2/5

	64QAM
	½

	64QAM
	3/5

	64QAM
	2/3

	64QAM
	17/24

	64QAM
	¾

	64QAM
	4/5


Table A-1:
Modulation and Code Rates

The retransmissions are assumed to have the same modulation order and code rate and are synchronous (with 6 HARQ interlaces). The resulting curves are IR curves with reduced code rates. Each time-frequency resource allocated to a UE is released only after all the HARQ processes (corresponding to parallel MIMO codewords) of the UE are terminated.
A.2
Channel Estimation Losses

Channel estimation losses are modelled by applying channel estimation backoff (CE_backoff [dB]) to the combined effective SINR (SINReff [dB]). The Table A-2 specifies the CE_backoff values corresponding to the average pilot C/I. The SINReff is computed using constrained capacity formulation (ESNR). The resulting SNR is computed as (SINReff – CE_backoff) [dB].

	Pilot tone C/I range [dB]
	CE_backoff [dB]

	(-∞, -5.0)
	1

	[-5.0, -2.0)
	0.75

	[-2.0, 3.0)
	0.5

	[3.0, 6.0)
	0.45

	[6.0, 10.0)
	0.35

	[10.0, ∞)
	0.3


Table A-2: Channel Estimation Backoff
A.3
CQICH and Antenna Selection

In MIMO case, AWGN constrained (64 QAM) capacity is computed for each combination of (virtual) antennas selected. EESNR approach with different beta values for each packet format is not used due to its prohibitive complexity with antenna selection. The power scaling ensures that the total transmitted power from selected antennas corresponds to the maximum Node B transmit power. Each selected (virtual) antenna transmits with the same power. Appropriate cross-layer interference is used for computation of MMSE SINR. 

The sum capacity over all tones is computed for each combination of selected (virtual) antennas. Following backoffs are applied to the SNR computed for each layer before (virtual) antenna selection is done:

a) A gap to capacity of 1.5 dB

b) Channel estimation backoff based on UE geometry (pilot SNR)

c) CQI backoff of 1.0 dB is applied to each layer before the capacities for different combination of selected (virtual) antennas are compared.
The gap to capacity of 1.5 dB applied prior to (virtual) antenna selection is not included in the reported CQICH.

A.4
Rate Prediction Thresholds

The rate prediction thresholds for D1 corresponds to 10% BLER points given by AWGN curves for each packet format. 

A.5
Spatial Channel Modelling

For MACRO cell deployments, a modified spatial channel modelling is used, where the path delays and path profiles are the same as Typical Urban (TU) channel model (Table 2) and propagation model is same as specified in [1] (Table 3):

	Channel Scenario
	Urban Macro

	Mean AS at the BS
	8 degree

	Sub-path AoD offsets
	2 deg AS

	Node-B Antenna Separation [m]
	1.5

	UE Antenna Separation [m]
	0.075


Table A-3: Spatial Channel Models optional parameters
Antenna separation at Node-B is 10λ and at UE is 0.5λ corresponding to 2GHz band.
A.5
Proportional Fair Scheduling

The Proportional Fair metric used for the mth subband of the nth user is given by [Spectral Efficiency corresponding to the reported CQI for the mth subband of the nth user]/[Filtered Throughput of the nth user]. The throughput is filtered using a one tap IIR filter with time constant of 1.5 sec.
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