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1
Introduction

This contribution discusses CSI feedback to support MU-MIMO operation for Release 10 assuming the agreed two-matrix based feedback framework for an 8Tx antenna configuration at the eNB. 

In RAN1 #60 the following way forward was agreed as the feedback framework for Release 10:

· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

In RAN1#60bis, the following agreement on feedback and precoder design was made:

· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.
· W1 targets wideband/long-term channel properties
· W2 targets frequency-selective/short-term time channel properties
· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).
· Periodic and aperiodic reports are independent
· For PUSCH: FFS
· FFS whether feedback corresponding to W1 and/or W2 may be switched off
In RAN1#61 the following further agreement on feedback and precoder design was made:
· A precoder W for a subband is obtained as a matrix multiplication of the two matrices (Wk , k = 1, 2) 

· Note that two codebooks need to be designed

· Note that a kronecker structure is a special case

· Note that the matrices can have block structure (e.g. block diagonal) 

· Some codebook proposals may require explicit normalization 

· For 8 Tx, the precoder W can take on the form of

· For rank 1, at least 16 different beams (grid of beams) for co-polarized ULA

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· For rank 1 and rank 2, at least 8 different beams (grid of beams) for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· Additional precoders are not precluded

· At least for a (configurable) subset of the precoders W obeys the following properties
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Full PA utilization property, i.e.,
· Orthogonal columns with same norm (unitary precoding)

In this contribution, we evaluate and compare system-level performance of several CSI feedback methods for MU-MIMO operation under realistic simulation assumptions in [1].  
2
Analysis of Two-matrix Based Feedback
The general concept of the two-matrix based feedback relies on employing a combination of long-term and short term matrices. Introduction of long term feedback enhances the spatial resolution of CSI feedback by exploiting the correlation property of the MIMO channel. In addition, since the correlation property of wireless channel intended for MIMO operation usually varies slowly in time and frequency, the long term component can be fed back less frequently than the short-term component of the feedback. Therefore by adopting the two-matrix based feedback solution, the accuracy of the CSI feedback is enhanced without much increase on the feedback overhead.
There have been several proposals for defining the codebooks required for the two-matrix feedback framework in the recent RAN1 meetings, some are listed below:
1. Ericsson’s Grid of beams precoder [2]
2. Huawei’s double codebook [3]
3. Samsung’s codebook design based on W2W1 [4]
 In this document, we provide a comparison of performance for the proposed methods.
2.1
General Considerations of the compared methods
2.1.1
Ericsson Grid of beams precoder
The overall grid of beams precoder is formed as
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 implements some form of beamforming based on correlation properties of the channel. The channel and 
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channel, where in many cases 
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is substantially smaller than the number of antenna ports, 
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, attempts to match the instantaneous properties of the effective channel. As such  phase alignment for constructive combining of transmitted signals at receiver, or orthogonalization of the effective channel can be achieved. 
2.1.2
Huawei’s double codebook

The overall precoder is obtained by per subband co-phasing of the wideband precoding matrices for each polarization direction (or for each group of four antenna ports in case of ULA):
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where a 4 bit codebook is used for Ab and 
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are the wideband phase alignment and 1 bit narrowband (per subband) phase alignment parameters, respectively. The diagonal matrix 
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 is a rotation matrix used to obtain 16 DFT vectors for the ULA case and is taken from a 1 bit codebook.

2.1.3 Samsung codebook design based on W2W1
The overall precoder is formed as W = W2 W1. Basically, The outer matrix W1 (C1 is a tall Nt × R unitary precoding matrix that represents a beamforming vector per polarization (or for each group of four antenna ports in case of ULA) that can be expressed as 
Rank 1: 
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Rank 2:
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where A is a DFT vector.  The inner matrix W2 (C2 is a square unitary Nt × Nt diagonal matrix representing subband (or short-term) property of the phase shift between two polarizations (or for each group of four antenna ports in case of ULA), i.e.,
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3
Simulations Results and Discussions
In this section, we investigate the performance of the discussed codebook designs for MU-MIMO operation under realistic simulation assumptions. 
System-level simulation parameters and assumptions are summarized in Appendix. We use the following 8Tx eNB antenna configurations in our simulations:

· Cross-polarized antennas with 0.5 λ separation, at  both low and high angle spreads (8° and 15°)
· Co-polarized antennas with 0.5 λ separation, at both low and high angle spreads (8° and 15°)
We evaluate the performance of the following quantized methods:
· Ericsson Grid of beams precoder design [2] using 4-bit DFT precoder for 
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· Huawei’s codebook design using 5 bits for long-term precoder and 1 bit for short-term precoder [3].
· Samsung’s codebook [4]
· Proposal 1 denoted as Samsung-1

· Example 1 of the proposal 2 denoted as Samsung-2

· Example 2 of the proposal 2 denoted as Samsung-3
Assuming PUSCH transmission where 
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 is reported as a wideband matrix and 
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 is reported per subband, the total precoder report size of the proposed methods are summarized in Table 1. 
Table 1: Comparison of report sizes for one aperiodic report on PUSCH for a 20 MHz system .
	
	Bits per Matrix Index
(Rank1, Rank2)
	Reporting Type
	Total precoder report size in bits, per rank
(Rank1, Rank2)
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	Ericsson Codebook
	(4,4)
	(2,1)
	wideband
	subband
	(30,17)

	Samsung-1 Codebook
	(4,4)
	(2,2)
	wideband
	subband
	(30,30)

	Samsung-2 Codebook
	(4,4)
	(2,2)
	wideband
	subband
	(30,30)

	Samsung-3 Codebook
	(4,4)
	(2,1)
	wideband
	subband
	(30,17)

	Huawei Codebook
	(5,5)
	(1,1)
	wideband
	subband
	(18,18)


Table 2 shows the results of the system-level performance of MU-MIMO with cross-polarized antenna configuration by using different feedback schemes. The simulation results indicate that the average cell spectral efficiency performance of all methods (except Samsung-1) fall within a very tight range: the difference between the best and the worst schemes is less than 1%. On the other hand, the difference between the best and the worst cell edge spectral efficieny is about 5%. Huawei’s codebook has the best average cell spectral efficiency but has lower cell edge spectral efficiency than Ericsson, Samsung-2 and Samsung-3 methods. Therefore, none of the schemes exhibits a consistent superiority for both cell edge and average cell performance. However from payload size perspective, it is worth noting that Huawei’s codebook requires 5 bits for long-term precoder and 1 bit for short-term precoder which results in the following:

· It has a total PUSCH precoder report size of 18 bits for rank-1 that is much smaller than other proposals.
· The Wideband CQI/PMI report on PUCCH will be 12 bits for rank-2 (5 bits long-term precoder and 7 bits for CQIs of two codewords).
Table 2: System level performance comparison for 8-Tx cross-polarized antenna configuration 
	
	8-Tx cross-polarized antennas 

	
	8° Angular spread
	15° Angular spread

	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency
 [bps/Hz]
	5% cell edge spectral efficiency
 [bps/Hz]

	Ericsson
	2.848
	0.109
	2.439
	0.095

	Samsung-1
	2.814
	0.099
	2.411
	0.087

	Samsung-2
	2.853
	0.100
	2.442
	0.090

	Samsung-3
	2.849
	0.110
	2.436
	0.095

	Huawei
	2.869
	0.104
	2.454
	0.088


Table 3 shows the results of the system-level performance of MU-MIMO with co-polarized antenna configuration by using different feedback schemes. The simulation results indicates that the Samsung-2 provides the best performance in terms of the average cell and cell edge spectral efficiencies, followed by Samsung-1, Huawei, Samsung-3 and Ericsson schemes. The spread between the best and worst performance is about 5% and 4% for average cell spectral efficiency and cell edge spectral efficiency, respectively. It is worth noting that Samsung-1 and Samsung-2 require a larger report size for rank-2 operation than other proposals. 
Table 3: System level performance comparison for 8-Tx co-polarized antenna setup.
	
	8-Tx co-polarized antennas 

	
	8° Angular spread
	15° Angular spread

	
	Average cell spectral efficiency
 [bps/Hz] 
	5% cell edge spectral efficiency
 [bps/Hz]
	Average cell spectral efficiency
 [bps/Hz]
	5% cell edge spectral efficiency
 [bps/Hz]

	Ericsson
	2.842
	0.124
	2.554
	0.103

	Samsung-1
	2.931
	0.128
	2.621
	0.104

	Samsung-2
	2.976
	0.129
	2.669
	0.107

	Samsung-3
	2.842
	0.124
	2.556
	0.105

	Huawei
	2.884
	0.122
	2.610
	0.101


Observation:
From the system-level simulation results captured in Tables 2 and 3, following observation can be made:
· For cross-polarized antenna configutation, there is no clear winner in terms of performance.
· For co-polarized antenna configutation, Samsung-2 and Samsung-1 provide better performance but have higher feedback overhead.
· No single codebook design and associated feedback is a clear winner for both cross- and co-polarized antenna configutations in terms of average cell spectral efficiency and cell edge spectral efficiency performance.
4
Conclusion
In this contribution, we have evaluated and compared the system level performance of several CSI feedback schemes considered for an 8x2 antenna configuration. The presented results provide some insights into the expected performance under realistic assumptions and overall feedback overhead: the performance of the different proposals is relatively close but some of the proposals do have the advantage of lower feedback overhead.
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Appendix 

System-level simulation assumptions and parameters are shown in Table 4.

Table 4: System-level simulation assumptions

	Parameter
	Assumption

	Channel Model 
	3GPP Case 1, 8˚  and 15˚ angular spread 

	Inter site distance
	500 m

	Traffic Model
	Full buffer

	Antenna Configuration 
	8-Tx eNB: 

· Cross-polarized ±45˚, 0.5 lambda spacing
· Co-polarized antennas, 0.5 lambda spacing

	
	UE: 2 Rx cross-polarized 0˚/90˚, 0.5 lambda spacing

	Duplex method 
	FDD 

	Cell Bandwidth
	10 MHz

	Max number of HARQ retransmissions 
	4 

	Transmission Mode 
	MU-MIMO with up to 4 layers total and up to 2 layers per UE. 

	Link adaptation 
	ACK/NACK based outer loop link adaptation with target BLER=10%

	Channel estimation 
	Non-ideal channel estimation on CSI RS and DM RS 

	CSI Feedback
	Wideband RI and MI1, sub-band MI2 and CQI

Sub-band CQI with measurement error: N(0,1) per PRB

1% FER with perfect power control, no error detection

	Feedback Impairments
	6 RBs per subband; 
CQI/PMI feedback  period: 10ms
Feedback delay: 6 ms

	Rate Metric 
	Goodput based on MCS in Release 8 

	Control Channel and Reference Signal Overhead 
	 3 OFDM symbols for DL CCHs, 12 REs/RB for DM-RS and 8 REs/RB for CSI-RS. 2 CRS antenna ports. 

	Number of users per cell 
	10 

	Receiver Assumption at the UE 
	LMMSE

	Scheduler 
	Proportional fair in time and frequency


� EMBED Equation.3  ���
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