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1. Introduction

In [3] the effect of adapting the codebook weight vectors in frequency for SU-MIMO was investigated.  That contribution showed a significant benefit of having a different codebook vector for each resource block (RB) when the RB size was 25 subcarriers by 7 OFDM symbols and the TTI duration was 0.5 msec.  This benefit was gained while only requiring a small portion of the uplink resources (no more than 3% for two transmit antennas at the base).  This contribution builds on the results from [3] but uses the newly agreed upon numerology (i.e., a RB is 12 subcarriers in frequency and the TTI duration is 1.0 msec).  This contribution has results for four transmit antennas as well as for two transmit antennas and looks at the effect of fixing codebook weights on a varying number of RB sizes.  Given these results and those of [3], we make the following observations and recommendations:
· Precoding array weights should be frequency adaptive such that each codebook weight is used for a small number of resource blocks.

· Precoding with a codebook weight fixed over two RBs provides sufficiently good performance for the case of two transmit antennas and two stream transmission while having very low overhead (around 1.67%).
· While precoding with a codebook weight fixed over two RBs had a slight throughput loss for the case of two stream transmission on four transmit antennas (compared to one weight per RB), in order to keep the overhead reasonably low (around 2.22%), it appears to be the best choice.
2. Feedback Overhead
Using the new RB definition (i.e., 12 subcarriers by 7 OFDM symbols) and TTI duration (1 msec), the feedback overhead required is updated from what was presented in [3] and is summarized in Table 1.  The feedback overhead is calculated assuming that the uplink has around 0.5bps/Hz, and that the feedback information can be transmitted as efficiently as other traffic.  For example with two base antennas, three bit codebooks, a different weight per RB, and a channel bandwidth of 10 MHz (the usable bandwidth is 600*15 KHz=9 MHz), the overhead is 3.33% (=3 bits*50 RBs/1.0 ms/(9 MHz *0.5 bps/Hz)).  Note that these results assume that two adjacent RBs in time within one 1.0 msec TTI frame (14 OFDM symbols) are for a single user and hence have the same codebook vector.  Also note that the total number of RBs for the 10 MHz system is 50 which is not divisible by 4 which presents a problem when the codebook vectors are fixed over four subcarriers.  In this case the codebook vector is the same on each group of 4 RBs for the first 12 RBs and the codebook vector is the same on the last two RBs.
Table 1. Required overhead when fixing codebook vectors over different numbers of RBs assuming two stream transmission and a 10 MHz bandwidth.  The overhead is the total overhead required to obtain codebook vectors for all RBs across frequency for the duration of one TTI (1.0 msec).

	# of RBs
	2 Tx antennas, 3 bit codebook
	4 Tx antennas, 4 bit codebook

	1
	150 bits (3.33%)
	200 (4.44%)

	2
	75 (1.67%)
	100 (2.22%)

	4
	39 (0.87%)
	52 (1.16%)


3. Simulation Results
Table 2.  Simulation parameters.

	Parameter
	Value

	Carrier Bandwidth
	10 MHz

	TTI Duration
	1.0 ms

	FFT size
	1024

	Sampling rate
	15.36 MHz

	Propagation channels
	TU (3 km/h), independent fading

	Channel estimator
	Near-ML time of arrival estimator [1]

	Code type
	3GPP turbo code

	Modulation and coding rates
	1/6 QPSK, ¼ QPSK, 1/3 QPSK, ½ QPSK, ¾ QPSK, ½ 16-QAM, ¾ 16-QAM, ¾ 64-QAM, 5/6 64-QAM

	# of TX antennas at Node B
	2 and 4

	# of RX antennas at UE
	2

	# of data streams
	1 and 2

	# of codebook vectors (2 Tx antennas) or matrices (4 Tx antennas)
	8 for 2 Tx antennas and 16 for 4 Tx antennas

	Receiver method
	Linear MMSE combining


SU-MIMO is tested using the simulation parameters shown in Table 2.  There are two or four transmit antennas at the Node B and two receive antennas at the UE.  All results are for two separately-coded data streams with modulation and coding rate (MCR) fed back for each stream (one MCR level is fed back for all RBs across frequency).  For the open-loop results a different MCR is also chosen for each stream for all RBs, but antenna selection is not performed.  A different codebook vector (in the 2x2 case) or matrix (in the 4x2 case) is fed back for each consecutive group of 12, 24, or 48 subcarriers (i.e., 1, 2, or 4 RBs respectively).  When the base has two transmit antennas, the UE only feeds back the transmit vector for the first stream and the base uses an orthogonal weight for the second stream.  When the base has four transmit antennas, one codebook matrix entry is fed back for all data stream.  The codebook size is 8 vectors for two transmit antennas and 16 matrices for four transmit antennas (the elements of the codebooks do not have a constant modulus), the vectors are designed to have a good Grassmannian distance [2] between every pair, and the matrices are designed to have good Grassmannian subspace distance [5] (plus each matrix is unitary).  The UE uses a near-ML time of arrival (TOA) channel estimator [1] to estimate the broadcast channels (using the pilot structure in Figure 1 of reference [4]).  For these results all feedback is sent error free since only the effect of fixing codebook vectors or matrix for a varying number of RBs is being studied.  Although as shown in [4] that the dedicated pilots can be used to estimate the transmit weights, for these results the UE does not estimate the codebook weights (but does estimate the downlink channel).
Figure 1 and Figure 2 shows throughput results with 2 and 4 Node B transmit antennas respectively for closed-loop codebook based feedback where codebook weights are fixed over different numbers of RBs and also open-loop two stream SU-MIMO.  The results show that there is a throughput benefit of fixing codebook vectors or matrix for a smaller number of RBs especially in the four transmit antenna case.  However, to keep overhead low, fixing the codebook weight over 2 RBs seems to be a good tradeoff in performance versus feedback overhead (see previous section for overhead numbers).
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Figure 1. Throughput results for 2 transmit antennas at the Node B, 2 data streams, and 2 receive antennas at the UE.  Linear MMSE combining is employed and the codebook feedback is sent error free.
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Figure 2. Throughput results for 4 transmit antennas at the Node B, 2 data streams, and 2 receive antennas at the UE.  Linear MMSE combining is employed and the codebook feedback is sent error free.
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