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1. Summary

We investigate the potential gains in E-UTRA from precoded MIMO transmission over those obtainable with rate control alone.  We compare the ideal performance of a singular value decomposition based transmission technique to per antenna rate control (PARC).  Because one of the major benefits of OFDM is its low receiver complexity, we assume MMSE receivers are used.  Also, since it is predictable that a precoding scheme should provide gains over PARC when the number of transmit antennas is greater than the number of receive antennas, we consider the more challenging case where there are 2 transmit and 2 receive antennas.  

We find that precoding brings significant gains over rate control alone in this “2x2” case.  More particularly, in a 5 MHz system in uncorrelated Vehicular-A channels, we can observe around 20% throughputs gain over PARC.  In a more realistic case when the antennas are correlated, gains can be greater (closer to 40% in the example we simulated).

We provide a text proposal that captures the agreement reached during the MIMO conference call to study precoding as well as to indicate that the potential for precoding to reduce receiver complexity requirements should be studied.

2. discussion

For the singular value decomposition (SVD) based MIMO approach, we simulate the well known family (see e.g. [
]) of closed loop MIMO and transmit diversity approaches that use orthogonal sets of transmit adaptive array (TxAA) weights.  For the ideal OFDM systems studied here, the TxAA weights can be calculated for each OFDM resource block as the right singular vectors of a flat fading channel matrix.  That is, the weight can be calculated using the SVD (which is defined in e.g. [
]):
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Where:
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is an (MxN) matrix of complex channel matrix coefficients for each resource block, with each element corresponding to the channel between one of the M UE receive antennas and N transmitting antennas
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are the matrices of left and right singular vectors, respectively, and 
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 is the diagonal matrix of singular values.

The TxAA weights for each resource block are adapted independently.  The MIMO streams are coded independently, transmitted at equal power, and their data rates are adjusted independently.

The PARC [
] simulations are quite similar.  The only difference from the precoded case is that the TxAA weights are not used.  One stream is transmitted on each antenna, and the modulation and coding selection (MCS) states on the antennas are adapted to maximize throughput. The MCS adaptation as well as the antenna weight adaptation can be performed for each resource block (RB) or commonly for all resource blocks. The simulations use one MCS for all RBs, but adapt the antenna weights independently for each RB. Furthermore, each stream is coded and adapted independently,  (multi-codeword transmission is used).

We compare these approaches using some simple link simulations. We consider both the cases where the UE antennas and Node B antennas are and are not correlated.  In the correlated case, we assume a modest amount of inter-element correlation at the base and at the UE (magnitude of 0.4) as a simple example.   The remainder of the simulation assumptions are given in the appendix.

Figure 1 below shows the results.  We observe that precoding provides around 20% gain over PARC at SNRs less than 20 dB for the uncorrelated case.  In the correlated case, the gains are greater, often around 40% at the lower SNRs. 
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3. text proposal

We update the text in section 7.1.1.4.2 to include the agreement from the MIMO conference call to study precoding and to point out that the ability of precoding to reduce receiver complexity should be studied.

------begin text proposal--------

7.1.1.4.2
High level principles of MIMO for unicast traffic

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 

The use of (unitary or non-unitary) precoding to convert the antenna domain MIMO signal processing into the beam domain processing should be studied.  Because MIMO transmission schemes such as precoding may require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.
Other high level principles would be decided upon the followings:

· The number of codewords that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC. The decision needs to be made on whether only a single or multiple codewords (including single codeword as a special case) would be supported. 

· If multiple codewords are supported, the maximum number of codewords (which is not necessarily equal to the number of transmit antennas) would be decided as a value among 2, 3, or 4.
· In addition to the SDM, it should be decided if the spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency(-code) resource would be supported, which may be denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO. Note that the SDM is a special case of the SDMA.
· 
· Whether to support the rank adaptation (and/or the antenna subset selection) as a means to prevent possible performance loss from using higher number of MIMO layers than can be supported by the channel condition.
------end text proposal--------

4. ReferenceS

Appendix: Simulation ASSUmptions

Table 1 shows the modulation and coding selection (MCS) levels used. The remaining assumptions are shown in Table 2. 

Table 1: MCS Level and CQI value 

	Bit/Modulation Symbol
	Modulation and Coding

Selection (MCS)

	0.5
	R=1/4, QPSK

	1
	R=1/2, QPSK

	1.5
	R=3/4, QPSK

	2
	R=1/2, 16QAM

	2.5
	R=5/8, 16QAM

	3
	R=3/4, 16QAM

	3.6
	R=3/5, 64QAM

	4
	R=2/3, 64QAM

	4.5
	R=3/4, 64QAM


Table 2: Simulation parameters

	Parameter
	Value
	Remarks

	Bandwidth
	5 MHz
	

	Sub-carrier Spacing
	15 khz
	

	Total Number of sub-carriers
	300
	

	CQI Bandwidth &

 Resource block size
	25
	Sub-carriers

	Number of Resource blocks
	12
	

	TTI size
	0.5 ms
	

	Number of symbols per TTI
	7
	

	Channel Estimation
	Ideal
	Perfect knowledge 

at Node B and UE

	CQI Estimation
	Ideal
	

	Channel Model
	Vehicular A
	

	Max retransmissions
	3
	With combining

	Rate Matching
	Modified from TS25.212
	

	Node B Tx, UE Rx Antennas
	2,2
	

	Antenna Correlation 

At Base and At UE
	0 or 0.4
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