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1. Introduction

An LS from RAN4 indicated three precoding features which may need to be re-assessed in RAN1: antenna selection components in the 2-TX codebook, small-delay CDD, and wideband precoding [3].

In this contribution, we take a closer look at the two of the aforementioned features: small-delay CDD and wideband precoding. The performance of small-delay CDD and wideband precoding are studied. Zero-delay CDD is also used in conjunction with wideband precoding as a reference. Both link-level and system-level simulation results are given. 
2. Precoding Schemes

Four precoding schemes are simulated in this contribution.
· Zero-delay CDD: UE performs rank adaptation and reports the single preferred rank for the system bandwidth. A single preferred precoding matrix from the codebook of the preferred rank is selected as the precoding matrix for the system bandwidth (wideband precoding).

· Small-delay CDD: UE performs rank adaptation and reports a single preferred rank. A wideband PMI is reported to eNB for small-delay CDD precoding. According to 36.211, the delay quantity is the smallest number from the set 
[image: image1.wmf]{

}

2048

,

1024

,

512

,

256

,

128

 such that
[image: image2.wmf]RB

sc

DL

RB

N

N

³

h

.
[image: image3.wmf]RB

sc

DL

RB

N

N

³

h

. The precoding is performed according to

[image: image4.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

)

(

)

(

)

(

)

(

)

(

)

(

)

1

(

)

0

(

)

1

(

)

0

(

i

x

i

x

i

W

k

D

i

y

i

y

i

P

u

M

M

                                                                     (1)
· Zero-delay CDD with fixed precoding: A single fixed precoding matrix is constantly applied to the bandwidth which can be achieved via codebook subset restriction. In this contribution, we choose the 1st element of each rank codebook as the fixed precoding matrix. Note that fixed precoding is simulated since it is the scenario where small-delay CDD was claimed to offer more substantial gain.
· Small-delay CDD with fixed precoding: similar to the above. 
Table 6.3.4.2.1-1: Zero and small delay cyclic delay diversity.

	Set of antenna ports used
	Number of layers 
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3. Numerical Results
Detailed simulation assumptions are given in the Appendix. We apply higher-layer configured CQI feedback with CQI sub-band size of 5 RB (frequency-selective CQI) and 25 RB (wideband CQI). A CQI feedback delay of 4ms is assumed. The four precoding schemes are simulated

· Zero-delay CDD with wideband precoding: PMI adaptation in size-16 codebook

· Small-delay CDD with wideband precoding: PMI adaptation in size-16 codebook
· Zero-delay CDD with fixed precoding
· For rank-R, the 1st codeword in rank-R codebook is used as the fixed precoding matrix
· Small-delay CDD with fixed precoding
· For rank-R, the 1st codeword in rank-R codebook is used as the fixed precoding matrix

Figure 1 depicts the link-level results for the four precoding schemes for 4x2 and 4x2 SCM channel. It is demonstrated that wideband precoding offers substantial gain over fixed precoding for either zero- or small-delay CDD. Furthermore, small-delay CDD exhibits inferior performance to that of zero-delay CDD. Note that link-level simulation is comparable to the use of round-robin (RR) scheduler in the system-level simulation. In this case, the increase in frequency selectivity from small-delay CDD is not beneficial and cannot be exploited. 
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Figure 1. Link level comparison
Tables 1-2 give the system-level simulation results without overhead for 4x2 and 4x2 SCM channel.
Table 1: System Throughput for 4x2 MIMO

	CQI
	Small-Delay

Fixed PMI
	Zero-Delay 
Fixed PMI
	Small-Delay
	Zero-Delay

	
	TP
	Gain
	TP
	Gain
	TP
	Gain
	TP
	Gain

	Wideband
	8.960
	0.0%
	9.513
	6.2%
	11.308
	26.2%
	12.865
	43.6%

	Frequency-selective
	11.589
	0.0%
	11.618
	0.25%
	14.006
	20.9%
	15.217
	31.3%


Table 2: System throughput for 4x4 MIMO

	CQI
	Small-Delay

Fixed PMI 
	Zero-Delay 
Fixed PMI
	Small-Delay
	Zero-Delay

	
	TP
	Gain
	TP
	Gain
	TP 
	Gain
	TP
	Gain

	Wideband
	15.218
	0.0%
	15.732
	3.4%
	17.686
	16.2%
	19.237
	26.4%

	Frequency-Selective
	17.911
	0.0%
	18.086
	1.0%
	20.388
	13.8%
	21.798
	21.7%


From the above system-level simulation results, it appears that small-delay CDD does not provide any gain over zero-delay CDD, but rather degrades the performance when wideband precoding is used. One possible reason is that the channel already has sufficient frequency selectivity, hence further increasing the selectivity does not provide any system benefit, but rather magnifies the eigenmode fluctuation across the frequency domain and makes it more difficult to find a precoding matrix universally suitable for the entire system bandwidth. Furthermore, since the CQI sub-band size is limited in the current E-UTRA specification, the exploitable frequency-selective scheduling gain is also restricted by the maximum CQI granularity. On the other hand, it is apparent that wideband precoding offers significant benefit over fixed precoding (20 to 30% over fixed precoding).
On the other hand, the additional frequency-selectivity introduced from small-delay CDD could be beneficial to exploit the scheduling gain in flat-fading or near flat-fading channels. In practice, however, such channels might be very rare, especially if inter-antenna timing misalignment is taken into account [3]. 
4. Conclusions

The performance of small-delay CDD and zero-delay CDD are compared in the context of wideband precoding. From link-level and system-level results, small-delay CDD does not show any gain but rather shows sub-optimal performance compared to zero-delay CDD when wideband precoding is applied. On the other hand, wideband precoding has been demonstrated to be beneficial.
Appendix
Table 3. Simulation Settings

	Parameter
	Explanation/Assumption

	HARQ scheme
	Chase Combining

	Max number of retransmissions
	3

	Number of HARQ processes
	8

	BS total Tx power
	43 dBm

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of OFDM symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Antennas Configurations
	4x2, 4x4

	UE Speed
	3 kmph

	Number of UEs
	10

	Scheduling 
	Proportional fairness for system-level

	Channel mode
	SCM urban macro 

	BS antenna spacing
	4L

	MS antenna spacing
	L/2

	feedback delay (CQI/PMI/Rank)
	4 ms

	feedback rate (CQI/PMI/Rank)
	1 ms

	Precoding granularity
	Wideband 

	CQI sub-band size
	Narrow-band (5RB) and wideband (25RB)

	Channel estimation
	Ideal

	CQI feedback error
	Ideal 

	BLER target for 1st transmission
	10%

	ISD
	500m

	Penetration Loss
	20dB
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