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1. Summary and recommendation
We consider the BER requirements for precoding matrix indication (PMI) feedback, since this information is needed to design the uplink feedback channels that carry PMI as well as to determine the benefit of indicating the used precoding matrices (PMs) on the downlink.  Initial results indicate that when the PMI are not channel coded, a PMI bit error rate of around 0.5% is required to obtain good performance in the absence of any downlink verification.  However, higher PMI BER (such as 1%) can be tolerated if the used array weights are known on the downlink.  We would therefore observe:

· PMI may be less sensitive to errors than other uplink feedback, e.g. CQI BER, as CQI is typically assumed to operate at 1% BLER with multiple bits per block, rather than the 1% BER possible for uncoded PMI.  Therefore uplink control channels may benefit from some optimizations to support PMI.
· Some indication of the used precoding weights at eNB (such as dedicated pilots or explicit signaling on PDCCH) may be used to reduce PMI overhead on the uplink when the BER of the feedback channel is sufficiently high.
Therefore, we would recommend that a) uplink feedback channels be designed to consider differing QoS requirements between PMI and other uplink control information and b) that downlink PMI verification signaling designs (either using dedicated pilots or direct signaling) consider achievable uplink PMI BER.

2. simulations
We performed link level simulations using an MIESM mapping.  The SCM-E system level model [
,
] was used with the UE at a fixed position, and multiple bulk parameter draws (ensuring variability in angle spread and delay spread).  There are four transmit antennas at the Node B and two receive antennas at the UE.  All results are for up to two code words with the modulation and coding rate (MCR) fed back for each code word (one MCR level is fed back for all RBs on a layer / code word).  A different codebook matrix is fed back for each consecutive group of 24 subcarriers (i.e., 2 RBs) and an entry out of a matrix codebook containing unitary 4x2 matrices is fed back to the Node B.  The constant modulus, finite alphabet, codebook of [
] is used. We model PMI bit errors as uncorrelated and having a single error rate of 0, 0.5, or 1%.  The UE forms channel estimates of the precoded channel.  Chase HARQ combining is used which incorporates these precoded channel estimations (that is, “HARQ buffer corruption” from imperfect knowledge of used PM is simulated). The detailed simulation assumptions are given in Table 1 in the Appendix.   
The results are shown in Figure 1 below.  We consider two receiver approaches, where the UE has perfect knowledge of the PM used at eNB (the “Known PM” case), and where the UE assumes that the weights it asked for are used at eNB, even though the PMI have non-zero BER (the “Asked PM” case). We can see that (in the scenario simulated):

· There is a small (few percent) loss at 0.5% PMI BER for asked PM relative to the ideal 0% PMI BER case.  However, the loss at 1% PMI BER for asked PM is significantly greater (often around 8% or so).  Therefore, 0.5% PMI BER seems to be around where UE may no longer solely rely on its asked weights to form a PDSCH channel estimate.
· When UE has ideal knowledge of the used PM at 1% PMI BER, it can achieve as good or better performance than 0.5% PMI BER case without the knowledge.  Therefore, some downlink indication of the used PM (possibly in the form of dedicated pilots or signaling on PDCCH) can be used to relax PMI BER requirements.

We should point out that these results are for a limited link level scenario, for one case of frequency selective precoding, and using a simple model of PMI BER.  However, we feel that they are indicative of general behaviors, such as the robustness of PMI relative to other kinds of uplink feedback, and the potential for benefit from downlink indication of used PM.
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Figure 1: 4x2 FS precoding MIMO performance with and without known PMI at various PMI BER
3. ReferenceS

Table 1.  Simulation parameters.

	Parameter
	Value

	Carrier Bandwidth
	10 MHz

	TTI Duration
	1.0 ms

	FFT size
	1024

	Sampling rate
	15.36 MHz

	Propagation channel
	SCM-E Urban Macro, 15( Angle Spread,

(10,0.5)( (eNB,UE) Antenna Spacing

3kmph; UE DOA 15( off sector boresight

	Throughput Calculation Method
	MIESM

	Channel estimator
	Ideal

	Code type
	3GPP turbo code

	Modulation and coding rates
	3GPP Rate Matching; 

4,16,64 QAM; Max Coding Rate = ¾; 

	# of TX antennas at Node B
	4

	# of RX antennas at UE
	2

	# of layers
	1 or 2 (UE decides on number of layers at same time it chooses the modulation and coding rate)

	# of codebook matrices
	16 (4 bits)

	Receiver method
	Linear MMSE combining

	HARQ method
	Chase combining (Antenna Verification Simulated)

	Channel Estimation
	Ideal Channel Knowledge; 

UE Assumes Asked Precoding Matrices Used 
-or- UE has ideal knowledge of Precoding Matrices

	Max. # of retransmissions
	4

	Precoding Granularity
	2 RBs (24 subcarriers)
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