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1. Summary and recommendation
In RAN1#48, it was agreed to reduce the number of frequency selective (FS) precoding granularities.  We provide additional results here on the performance of FS precoded 4x2 MIMO with an MMSE receiver in an Urban Macro SCM-E channel using different granularities.  We find that the gains from FS precoding decrease quickly with an increasing number of resource blocks (RBs) per precoding matrix (PM), especially at low SNR.  In the scenario simulated, the gains relative to 1 PM per band at 0 dB SNR go from 28% with 1 RB per PM to 24% and 21% for 2 and 3 RBs per PM, respectively.  The gains for 4, 5, 6 RBs per PM are 19, 17, and 16% respectively.  The differences between the precoding granularities diminish with increasing SNR, but are still worth considering.  At 5 dB SNR, the difference between 1 and 3 and 6 RBs per PM is 4 and 8% instead of the 7 and 12% we observed at 0 dB SNR.
Given that heavier multipath channels than SCM-E urban macro are feasible (e.g. the SCM Urban Microcell channel), and this significant sensitivity to precoding granularity observed here, we would prefer the precoding granularity to be as fine as possible (such that FS precoding gains still outweigh the overhead).
It is also useful for precoding granularities to be compatible with CQI calculation.  PMI granularities of 2 or 3 RBs would seem to be more straightforward to group into larger units for CQI calculation than larger numbers, especially prime factors.
While the finer granularities naturally lead to higher overhead, we would prefer a better quantification of precoding feedback overhead before concluding on sole support for a granularity of greater than 2 or 3 resource blocks.  Once this overhead is quantified, then the benefit of higher precoding granularity can be weighed against the cost of the higher overhead it requires.

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 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 RBs, where the group size (the PMI granularity) varied. 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.  The detailed simulation assumptions are given in Table 2 in the Appendix.   

The results are shown in Figure 1and Figure 2 below.  We simulated 0 to 15 dB SNR, since that is representative of many of the SNRs found in macrocellular conditions, and is also the region where FS precoding tends to provide significant gains. Figure 1 shows the gains relative to the non-FS case (where only 1 PM is used for the whole band).  Figure 2 shows the mean throughput vs. SNR for reference. The results from Figure 1 are also given in Table 1.

Examining the Figures and the Table, we see that in the scenario simulated, the gains relative to 1 PM per band at 0 dB SNR go from 28% with 1 RB per PM to 24% and 21% for 2 and 3 RBs per PM, respectively.  The gains for 4, 5, and 6 RBs per PM are 19, 17, and 16% respectively.  The differences between the precoding granularities diminish with increasing SNR: at 5 dB SNR, the difference between 1 and, say, 3 and 6 RBs per PM is 4 and 8% instead of the 7 and 12% we observed at 0 dB SNR.  
Table 1: Gain over Non-FS Precoding

	
	Precoding Granularity (RBs/PM)

	SNR (dB)
	1
	2
	3
	4
	5
	6

	0
	28%
	24%
	21%
	19%
	17%
	16%

	5
	16%
	14%
	12%
	10%
	9%
	8%

	10
	12%
	10%
	8%
	8%
	7%
	6%

	15
	8%
	7%
	6%
	6%
	4%
	4%
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Figure 1: 4x2 Gains from Frequency Selectively Precoded MIMO for Various Granularities
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Figure 2: 4x2 Frequency Selectively Precoded MIMO Throughput for Various Granularities

3. ReferenceS

Table 2.  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 

	HARQ method
	Chase combining 

	CQI & PMI Feedback
	Error Free, Zero Delay;

1 dB CQI step size

	Max. # of retransmissions
	4

	Precoding Granularity
	1-6 and 50 RBs (12 subcarriers / RB)
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