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1
Introduction
In [1], a CDD based precoding was proposed, which can provide a transmit diversity gain or a beamforming gain regardless of the spatial multiplexing rate, with a single precoding structure.
The CDD based precoding incorporates two types of cyclic delay (a large delay and a small delay) to maximize either the transmit diversity or the beamforming gain, depending on the channel environments. 

An exemplary application of CDD based precoding shown in [1] is as follows:

· Open-loop system (i.e., no PMI information is available)

1) High-mobility UE: Fixed large delay + Fixed Unitary Matrix

2) Low-mobility UE: Fixed small delay + Fixed Unitary Matrix

· Closed-loop system (i.e., PMI information is available)


Low-mobility UE: Fixed small delay + PMI

The CDD based precoding has a structural advantage that a single implementation can support most DL MIMO modes including the closed-loop spatial multiplexing, beamforming, open-loop spatial multiplexing, and open-loop transmit diversity. In this contribution, we focus on an operational advantage of the CDD precoding that minimizes the explicit mode switching and discuss a few related issues such as common pilot transmission, desirable delay values, and the others. 
2
Operation of CDD Based Precoding
There are several DL MIMO modes depending on the adaptation of MCS and the availability of PMI. The CDD based precoding provides a seamless mode switching through a choice of the cyclic delay parameter. The CDD based precoding structure is shown in Figure 1.
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Figure 1. CDD based precoding [1]
In general, when Node B has 
[image: image2.wmf]t

N

 transmit antennas, the ith antenna may use an arbitrary cyclic delay value 
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, which also minimizes the signalling overhead. Then, the phase angle corresponding to the the ith antenna in Figure 1 becomes
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 where 
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 is the number of time-domain samples constructing an OFDM symbol (or, equivalently the FFT size).
As the delay spacing parameters, we consider 
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 (large delay) and 
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= 0 (no delay), and we may additionally consider 
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= 2 (small delay) if a noticeable performance gain is observed. In order to maximize a beamforming and frequency selective scheduling gain, a small delay might be a promising choice. On the other hand, in order to maximize a transmit diversity gain which is important for the non-stationary (e.g., 30kmph) UEs, the largest delay spacing parameter is desirable, for which 
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 is a proper choice. Given that a large delay which is greater than the cyclic prefix length is included as an essential component of the CDD precoding, the common pilots should be inserted at the output of the CDD based precoding (i.e., at the input of the IFFT block in Figure 1) so that the channel estimation performance is not degraded. Therefore, each UE needs to transform the MIMO channel estimate to the CDD precoded MIMO channel estimate before applying it to data demodulation. 
In the following, we discuss the DL MIMO mode switching through a choice of the delay spacing parameter in the CDD precoding. 

2.1. Control Channel

The promising DL MIMO mode for the control channel is the open-loop transmit diversity mode. Only rank-1 and only a few MCS levels are available and the MCS may be slowly adapted.
 

PMI is not available for the control channel as multiple UEs need to decode it, and the large delay spacing parameter 
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 is a proper choice to maximize the transmit diversity.
2.2. Data Channel

The DL data channel transmission needs basic control parameters such as CQI for the MCS adaptation and rank indicator (RI) for the multiplexing order adaptation. Moreover, depending on the availability of the PMI parameter, it is operated either on the closed-loop mode (closed-loop spatial multiplexing for rank > 1, and beamforming for rank =1) or the open-loop mode (open-loop spatial multiplexing for rank >1, and transmit diversity for rank =1). The CDD based precoding introduces another control parameter (i.e., cyclic delay) which may further improve the data channel performance. In the following we discuss two promising operations of the CDD based precoding. 
2.2.1. UE Oriented Cyclic Delay Selection
In this scenario, the set of available precoding matrices is extended to include the cyclic delay parameter and each UE reports the index corresponding to the best cyclic delay, the best frequency-invariant precoding matrix, and the rank. More specifically, let us assume that we have Nc Fourier based frequency-invariant precoding matrices
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for 2 transmit antennas, and
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for 4 transmit antennas. Note that the open-loop mode simply means 
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. Then, the extended frequency-varying precoding matrix set of size 
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for the kth frequency tone, where 
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for 2 transmit antennas and 
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for 4 transmit antennas. For example, 
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 to support a zero delay, a large delay, and a small delay, respectively.
For a rank-R transmission (R <
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), it is assumed that R column vectors of the precoding matrix 
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Each UE reports the best extended precoding matrix and the best column subset (as well as the CQI values and the preferred sub-band) by evaluating 
[image: image33.wmf]t

c

d

N

N

N

´

´

candidate sub-matrices (for each sub-band) in terms of sum-capacity metric, feedback reliability (in consideration of latency, error, and possibly UE speed ), and the other factors.
Depending on the application and the uplink control signalling format, the cyclic delay information may be reported less frequently than other feedback information as it is likely to be slowly varying in most channel environments.   
Node B selects a rank and applies a frequency-varying precoding, which might be potentially different from the reported ones, and then transmits the data channel along with the control information including the selected cyclic delay (spacing), precoding matrix, column subset, MCS, and time-frequency resources.
Node B may restrict the candidate set of the cyclic delay spacing values differently for each rank in order to minimize the signalling overhead and UE computational complexity.    

2.2.2. Node B Oriented Semi-static Switching of Cyclic Delay
In this case, Node B semi-statically determines and switches the cyclic delay values in a long term basis. The semi-static switching can be applied commonly to all the UEs in a cell (i.e., cell based cyclic delay) or differently to individual UEs (i.e., UE based cyclic delay). Updated cyclic delay values are delivered to UEs through broadcasting or higher layer signalling.
When the feedback information is not reliable, Node B is likely to choose a large cyclic delay spacing 
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 to maximize the transmit diversity (regardless of spatial multiplexing order) and potentially reduce the number of precoding matrices (Nc ). On the other hand, when a frequency selective beamforming gain is desired, Node B chooses a small cyclic delay spacing. Furthermore, Node B may set the cyclic delay spacing values differently for each rank if it improves the system performance. 

Each UE evaluates only a subset of the extended precoding matrix which corresponds to the semi-statically signalled cyclic delay parameter when selecting the best precoding matrix and rank.
3. Simulation Set-up
We evaluate the performance of CDD based precoding with two cyclic delay values, 
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, in the 2x2 MIMO. In the simulation, we assume that the cyclic delay value is semi-statically set by Node B and does not change through the simulations. 
Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 2x2 antenna configuration
· CPICH structures in [1]

· CPICH and data have the same energy per tone per antenna for the full rank data transmission, and the total energy allocated to data tones is evenly divided and allocated only to the active (virtual) antennas for the lower rank transmission 
· Bandlimited white interference and noise

· 5MHz BW - TU channel with (Tx, Rx) antenna correlation of (0.5, 0.5) – 3kmph and 30kmph
· Channel estimator length – 15 OFDM symbols

· Feedback delay for CQI and preferred virtual antenna subset – 3 TTIs (or, 3ms)
· Generation of CQI and preferred virtual antenna subset –  Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MMSE output SINR of individual tones

· Number of  parallel H-ARQ processes – 6

· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission 

· Signal detection – LMMSE
· Sub-band scheduling – 5 sub-bands are assumed in 5MHz system BW, each of which having 5 resource blocks (i.e., 900 kHz BW).
· Data transmission bandwidth and number of data symbols – 5 resource blocks, 11 OFDM symbols (4th – 14th symbols) per TTI
· Precoding – 2x2 CDD diagonal matrix multiplied by a single 2x2 DFT matrix with column subset selection  
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Pilot Allocation
	See TS 36.211. [1]

	Data Allocation
	5RBs

	Sub-band size (CQI reporting unit)
	900 kHz (5 RBs)

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology 
	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Modulation order

	0
	0.259
	2

	1
	0.396
	2

	2
	0.487
	2

	3
	0.579
	2

	4
	0.703
	2

	5
	0.841
	2

	6
	0.969
	2

	7
	1.118
	2

	8
	1.278
	2

	9
	1.444
	4

	10
	1.754
	4

	11
	1.971
	4

	12
	2.204
	4

	13
	2.447
	6

	14
	2.683
	6

	15
	2.922
	6

	16
	3.296
	6

	17
	3.571
	6

	18
	3.828
	6

	19
	4.115
	6

	20
	4.399
	6

	21
	4.681
	6

	22
	4.961
	6

	23
	5.224
	6

	24
	5.461
	6

	25
	5.653
	6

	26
	5.801
	6

	27
	5.801
	6

	28
	5.801
	6

	29
	5.801
	6

	30
	5.801
	6

	31
	5.801
	6


Table 2
MCS Table
Table 2 describes the MCS format table used for adaptive modulation and coding of each layer, which is composed of 32 entries (but the last 5 entries are reserved). Thus, we need 5 bits for the CQI description.
4. Simulation Results

Figures 1-2 compare the throughput performances of the CDD based precoding for the cyclic delay values of 
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(=256) samples in the 3km/h and 30km/h 2x2 MIMO channels. In the low-to-medium geometry where a rank-1 transmission is dominant, 
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 due to the virtual antenna selection gain. On the other hand, in the medium-to-high geometry where a rank 2 transmission is dominant, 
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 in the 30km/h channel due to the diversity gain and both cyclic delays show similar performance in the 3km/h channel. 
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Figure 1
Throughput (kbps) vs. geometry (2x2, 3km/h TU, Tx/Rx Correlation = 0.5, CQI reporting delay = 3ms, CQI reporting bandwidth unit = 5 RBs, scheduled bandwidth = 5 RBs)
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Figure 2
Throughput (kbps) vs. geometry (2x2, 30km/h TU, Tx/Rx Correlation = 0.5, CQI reporting delay = 3ms, CQI reporting bandwidth unit = 5 RBs, scheduled bandwidth = 5 RBs)
The simulation results clearly show that the CDD based precoding with a proper cyclic delay selection (depending on rank or channel speed) improves the system throughput performance with respect to no CDD based precoding (which uses only 
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). Furthermore, according to the simulation results, it may be a desirable strategy to set a high delay (
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) for the rank-2 transmission and a zero (
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) or small delay for the rank-1 transmission. 
4
Conclusions
In this contribution we discussed the operation of the CDD based precoding. With the CDD based precoding, we can select the best precoding for the data channel not only based on the sum capacity metric but also based on the feedback reliability. Therefore, by choosing a proper cyclic delay between a zero or small delay (e.g., 
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) and a large delay (e.g., 
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), we can efficiently adapt to the proper MIMO mode with a single unified precoding structure. 
A rank-specific cyclic delay setting (e.g., a large delay for high rank and a zero or small delay for low rank) may be helpful in improving the data channel performance and minimizing the feedback overhead according to the simulation results. 

For the control channel which requires a high transmit diversity order, we can always use a large delay. 
The common pilots should always be inserted at the output of the CDD based precoding not to hurt the channel estimation performance when a large delay is used.     
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� We define rank as spatial multiplexing order in this document.





- 9/9 -

_1229600282.unknown

_1229603045.unknown

_1229609764.unknown

_1229610192.unknown

_1229614050.unknown

_1232204769.unknown

_1232210660.unknown

_1231962191.ppt








CDD – based precoding













































































































Stream 1

Stream 2

Stream R

IFFT

IFFT

IFFT

Add CP

Add CP

Add CP

Ant 1

Ant 2

Ant Nt





(


)


matrix


unitary


R


N


U


U


e


e


t


R


N


R


N


k


j


k


j


t


t


t


N


´


ú


ú


ú


ú


û


ù


ê


ê


ê


ê


ë


é


´


´


-


:


0


0


0


0


0


0


0


0


1


1


1


q


q


O


M


M


L


L


UNKNOWN-0.unknown






_1229618413.unknown

_1229610392.unknown

_1229610877.unknown

_1229611135.unknown

_1229610713.unknown

_1229610201.unknown

_1229609910.unknown

_1229609924.unknown

_1229610041.unknown

_1229608371.unknown

_1229609185.unknown

_1229609294.unknown

_1229608726.unknown

_1229608356.unknown

_1229603068.unknown

_1229600406.unknown

_1229601049.unknown

_1227967189.unknown

_1229599281.unknown

_1229599938.unknown

_1227968472.unknown

_1227966666.unknown

