3GPP TSG-RAN WG1#88
R1-1702287
Athens, Greece, 13th - 17th February, 2017
Agenda item:

7.2.2.6
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
On the Performance of the Proposed LTE Advanced CSI Codebook
Document for:

Discussion and Decision
1
Introduction
At RAN1#87, the following working assumption was agreed for the advanced CSI codebook [1]:

To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 

Precoders are to be normalized in the equations below.
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· Feedback on PUSCH is supported

· Feedback on PUCCH is supported

· Details FFS until RAN1#88.

This working assumption was arrived at by combining proposals from several companies, but without direct performance results for the proposal.  In this contribution, we simulate the performance of the working assumption codebook and compare its performance to the Type I Rel-13 codebook with Rel-14 extensions.
2
Simulation Results
The performance of the working assumption codebook is compared to the performance of the Rel-13 codebooks for antenna port counts of 4, 8, 16, and 32.  For the 32 antenna port cases, the Rel-14 extensions of the Rel-13 codebook [1] are simulated.  Two versions of the working assumption codebook are simulated.  The first version exactly matches the working assumption, applying the beam power scaling 
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 at wideband.  The second version alters the codebook and applies beam power scaling in 
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 such that all elements of 
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 are quantized with two bits of amplitude and two bits of phase.  Thus, using the example of 
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 given in the working assumption, the overhead for 
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 in the second version is now 11 bits and the overhead for 
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 is 16 bits for rank 1 and 32 bits for rank 2.

In most case, the Rel-14 advanced CSI codebook is quite large, containing over 500,000 total entries for rank 1 when 
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.  This is too large to be searched using an exhaustive search, so an alternative search method must be used.  For the simulations in this contribution, the Rel-14 codebook is searched by first finding the best first beam by SINR calculation using the wideband channel covariance matrix.  The best second beam is then chosen from the (up to) seven orthogonal beams available with the first beam.  For wideband beam scaling, the power scaling of the second beam is also determined using the wideband channel covariance matrix.  The coefficients of 
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 are determined per subband via per element quantization of the eigenvectors of 
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.  For wideband beam scaling, only the phase of each element is quantized after scaling so that the first coefficient of each vector is 1.  For subband beam scaling, both amplitude and phase of each coefficient are quantized.
The simulations are performed using cross-polar antenna arrays with 8 antenna elements in elevation.  The elevation antennas are combined to form 1, 2, or 4 virtual antenna ports.  Two, four, or eight columns of antennas are simulated yielding antenna port configurations of (1,2,2), (2,2,2), (2,4,2), (2,8,2), and (4,4,2), where (M,N,P) designates the number of elevation, azimuth, and polarization ports.  MU-MIMO transmission is assumed with dynamic determination of the number of multiplexed users, where each user has a maximum rank of 2.  Except for the 32 port configurations, each antenna port configuration is simulated at an offered load targeting 50% resource utilization.  The 32 port configurations target 70% resource utilization.  The offered loads are 10Mbps, 12Mbps, 14Mbps, 25Mbps, and 22Mpbs for the (1,2,2), (2,2,2), (2,4,2), (2,8,2), and (4,4,2) configurations, respectively.  Additional simulation parameters may be found in Table 1 in the Appendix.
The simulation results for four antenna ports use a port configuration of (1,2,2).  Since the Rel-13 codebooks are not defined for four antenna ports, the Rel-14 codebook performance is compared to the Rel-08 and Rel-12 four port codebooks.  The user spectral efficiency gains (mean and cell edge) relative to the Rel-08 codebook are shown in Figure 1.  While the Rel-14 codebook performs better than the Rel-08 codebook, it does not perform as well as the Rel-12 codebook.  However, when subband beam scaling is applied, the modified codebook outperforms the other codebooks.
Observation 1: The Rel-14 working assumption codebook does not perform as well as the Rel-12 4 port codebook.

Observation 2: Modifying the Rel-14 working assumption codebook to perform subband beam scaling yields a gain over existing LTE 4 port codebooks at the price of additional overhead.
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Figure 1.  Four Antenna Ports (1,2,2) (10Mbps offered load)
Codebook performance for 8, 16, and 32 ports is compared in Figure 2 through Figure 5 for port configurations of (2,2,2), (2,4,2), (2,8,2), and (4,4,2).  In all of these figures, the performance is compared to the Rel-13, Config. 1 codebook.  While the working assumption codebook provides some gain over the Rel-13 codebooks, the gains are relatively small.  However, when subband beam scaling is applied in the second version of the Rel-14 codebook, the gains are more substantial.
Observation 3: The working assumption codebook yields small gains over the Rel-13 codebooks (with Rel-14 extensions).  Subband beam scaling yields more substantial gains.
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Figure 2.  8 Antenna Ports (2,2,2) (12Mbps offered load)
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Figure 3.  16 Antenna Ports (2,4,2) (14Mbps offered load)
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Figure 4.  32 Antenna Ports (2,8,2) (25Mbps offered load)
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Figure 5.  32 Antenna Ports (4,4,2) (22Mbps offered load)
An alternative to modifying the working assumption codebook with subband scaling is to add a third beam to the 
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 matrix, chosen from the same set as the second beam.  Thus, L becomes 3.  With wideband beam scaling, a 
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 is required, quantized in the same manner as 
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.  In addition, each column of 
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 has two additional QPSK entries.  Simulation results for this 3-beam modification of the working assumption codebook are shown in Figure 6.  The third beam yields significant gain over the working assumption codebook.  While the gain is not as large as with subband beam scaling, the overhead required is less.  A comparison of the feedback overhead for the working assumption codebook and the two variants using the (4,4,2) example given in the working assumption is shown in Table 1.  Less subband overhead is required for the 3 beam variant.  A companion contribution [2] describes how the subband overhead may be reduced beyond what is shown here.
Observation 4: Adding a third beam to the working assumption codebook improves system performance with less subband feedback overhead than using subband scaling.
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Figure 6.  Performance with 3 Beams and 16 antenna ports (2,4,2) (14Mbps offered load)
Table 1.  Feedback Overhead for Codebook Variants for (4,4,2)
	Rank
	Rel-14, WB Scaling
	Rel-14, SB Scaling
	3-Beam, WB Scaling

	
	W1 bits
	W2 bits
	W1 bits
	W2 bits
	W1 bits
	W2 bits

	1
	13
	6
	11
	16
	18
	10

	2
	13
	12
	11
	32
	18
	20


As of these simulation results, we propose to modify the working assumption to add a third beam to the codebook.
Proposal:  Modify the working assumption codebook to set L=3.  The third beam is defined using
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3
Conclusions
In this contribution, we have compared the performance of the Rel-14 advanced CSI working assumption codebook to the existing LTE codebooks (with Rel-14 extensions, as needed).  We found the following observations:

Observation 1: The Rel-14 working assumption codebook does not perform as well as the Rel-12 4 port codebook.

Observation 2: Modifying the Rel-14 working assumption codebook to perform subband beam scaling yields a gain over existing LTE 4 port codebooks at the price of additional overhead.
Observation 3: The working assumption codebook yields small gains over the Rel-13 codebooks (with Rel-14 extensions).  Subband beam scaling yields more substantial gains.
Observation 4: Adding a third beam to the working assumption codebook improves system performance with less subband feedback overhead than using subband scaling.
The following proposal may be summarized:
Proposal:  Modify the working assumption codebook to set L=3.  The third beam is defined using
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Appendix

Table 2.  Simulation Parameters
	Parameter
	Value

	Scenario
	3D-UMi with ISD = 200m

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	According to 38.900

	eNB transmit power
	41 dBm

	eNB antenna configuration
	(M,N,P) = {(8,2,2), (8,4,2), (8,8,2)},

(dV,dH) = ( 0.8, 0.5 ) λ

The 8 vertical elements are virtualized to 1, 2, or 4 antenna ports

	Duplex mode
	FDD

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes, targeting 50% and 70% RU

	UE distribution
	According to 36.873: 20% outdoor (3km/h), 80% indoor (3km/h)

	UE antenna config.
	2 Rx, cross-polar (+90/0)

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modelling

	Feedback

Transmission scheme
	CQI and RI reporting triggered per 5ms

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the UE

	
	MU-MIMO with maximum UE rank of 2

	Scheduler
	PF with frequency selective scheduling
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