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1 Introduction
During the RAN1#49 it was agreed to support a 64 element codebook with 4Tx antennas. A further agreement was that the Precoder Matrix Indicator (PMI) will be signalled by the UE per subband (SB-PMI) which will typically be 5 resource blocks (RB’s), while a single  preferred rank indicator will be signalled by the UE for the entire band. In this contribution we  propose to signal the PMI in a slightly different format in order to reduce the feedback overhead significantly. 
The method that we propose to compress the PMI feedback is similar to those presented by [2],[3],[4], and where the specific scheme proposed by [5] is a special case of this method. Furthermore, it is also a natural extension of the CQI compression technique already being considered. We propose that the UE would feedback a common PMI which is optimized across the entire bandwidth, and then feedback a differential PMI per subband (Delta-PMI) similar to a common CQI across the band with a differential CQI per subband. 
Since we believe that this method would have the most benefit for a 4 Tx antenna system but is equally applicable to the 2Tx case, we will only describe the 4Tx case in detail here.
2 Wideband PMI with SubBand PMI & differential-PMI
We propose a method where the UE selects a wideband-PMI (Common-PMI) that is valid or good for the whole band plus a differential-PMI (Delta-PMI) on a per subband basis is provided as feedback to the transmitter. The wideband-PMI indicates the codebook index. The relative delta-PMI indicates PMI relative to the wideband-PMI. 
2.1 An Illustrative Example
In this example shown in Figure 1, a wideband-PMI that is valid or good for the whole band plus a delta-PMI on a per subband basis is provided as feedback to the transmitter. The wideband-PMI indicates the codebook index. The relative delta-PMI indicates PMI relative to the wideband-PMI. An example of Wideband-PMI and relative delta-PMI set is shown in Figure 2. In this case, for a wideband-PMI index of 7, a subset consisting of indices 2, 11 and 15 is defined. This represents a total subset size of 4 and 2-bits are required for delta-PMI per subband. As shown in Figure 2 the four combinations can indicate one of the 4 elements in the set to represent delta-PMI per subband. In the example of  Figure 1, SB1, 2, 3, 4 and 5 respectively use index 11, 7, 2, 15 and 7 respectively. We require 4-bits for wideband-PMI and 2-bits for delta-PMI per subband, which results in a total feedback overhead of 14-bits in this example. Note that this is a saving of 20 -14 = 6bits for this example. If a subband was defined as 2RB, or when a larger bandwidth such as 10Mhz or 20Mhz is used, the savings would be considerably more.
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Figure 1: An example of MIMO PMI feedback assuming a wideband-PMI plus delta-PMI on a subband basis
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Figure 2: An example of Wideband-PMI and relative delta-PMI set

In Figure 3 we show the required feedback bits for different bandwidths (number of subbands) for reporting PMI per SB vs. reporting a wideband PMI and an additional Delta-PMI. We also show in the third bar the percentage feedback reduction of the Delta-PMI method vs. the per S B-PMI method. We can see overhead savings of more than 40% in the 5Mhz case and more than 80% in the 20Mhz case.
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Figure 3 Required feedback bits vs. bandwidth for the PMI reporting methods, as well as the percentage savings in feedback overhead of the Delta-PMI over the SB-PMI method.
2.2 Subband differential Generation

We generated the differential indexes using the following method based on the Fubini-Study distance criteria:

Given a wideband precoder 
[image: image4.wmf]p

W

, then we calculate the modified Fubini-Study distance to every other precoder as the

[image: image5.wmf]Õ

=

=

i

i

q

H

p

q

p

d

)

cos(

)

det(

)

,

(

q

W

W

.
Here 
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represents the i’th principle angle (singular value of the signal subspace) with i<rank, of the inner product between 
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 are unitary. Given that we expect that the differential PMI’s should be correlated to the wideband PMI (
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), we would select the differential indexes as the 4 (2 bits in this example) with the largest distances to 
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. This means that all the layers of the differential PMI has to match well with the wideband PMI, and any differential PMI which has even a single orthogonal layer with 
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 will be excluded.
Since some other generation method (based on chordal distance) may be more optimal, the simulation results here could actually be seen as a lower bound on performance. Fortunately this generation method is not a standardisation issue as long as the subsets could be signalled using higher layer signalling.  
3 Link Simulations
We simulate 3 scenarios here while the data is mapped onto a single subband of 5 RB’s.. 

1. The UE reports only a single common PMI  over the entire band (Common-PMI)
2. The UE reports a PMI per sub-band (SB-PMI)
3. The reports a 4bit Common PMI and a 2bit differential per subband (Delta-PMI)
The details simulation assumptions are summarized in Table 2 below. 

Table 2: Simulation Assumptions

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	# used resource
	5RBs, Block allocation.

	Channel Models
	6-ray TU 

	Channel Correlation (Tx, Rx)
	0% 

	Mobile Speed (km/h)
	3km/h

	Modulation schemes and channel coding rates
	QPSK, QM16, QAM64 
(Rates = 1/2, 1/3, 2/3, 3/4), 

	Antenna configuration
	4 transmitter, 2 receiver (rank-2) => [4Tx, 2Rx]

	Channel Estimation
	Ideal channel estimation

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


The throughput simulation results are shown in Figure 3 and an example FER curve is shown in Figure 4 below for QPSK and rates 1/3, ½, 2/3 and 3/4.  We can see from the results that using a only a common PMI could lead to significant throughput loss and up to 3dB loss in some cases. However, we can also see that we can recover much of that loss by using the Differential-PMI feedback technique described here.
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Figure 4 Throughput comparison between Common PMI, Subband PMI and Differential PMI
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Figure 5 FER curves for QPSK and rates  1/3, ½, 2/3, ¾ 
4 Conclusion
We have presented a signalling scheme which could reduce the PMI feedback significantly without much performance degradation. We propose to signal a single PMI index which is good for the whole band selected from the whole codebook. In addition we propose to signal a per subband differential index selected from a subset of the codebook. This means that all the currently proposed cases can be accommodated, namely:
1. If we set the differential size to 0, it is equivalent to signalling only the wideband PMI, with smallest feedback overhead.
2. If we set the differential size to 16 (the full codebook size), it is equivalent to signalling per Subband PMI,  with largest feedback overhead but best performance.

3. If we set the differential size to 4 (some fraction of the full codebook size), we can achieve a reasonable compromise between feedback overhead and performance.
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