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1. Introduction

Precoding feedback for Rel-10 triggers a lot of discussions. Although final decisions are lacking, significant progress has been made on achieving convergence of views among a large group of companies on a single concrete design for the 8 Tx case [1]  This is in contrast to the situation for 4 Tx where there so far is not much of convergence. Fortunately, a codebook already exists in Rel-8 for the 4 Tx case and it can be reused also for Rel-10. This is in contrast to the 8 Tx case where there is no codebook to just pick from the shelf. Nevertheless, this contribution attempts to progress the topic of 4 Tx feedback and takes a look at several different precoder designs as well as discusses other types of feedback enhancement that avoid a redesign of the codebook.
2. Matrix Product Precoder
Past decisions include agreement on that the precoder obeys a matrix product structure where the overall precoder 
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 is formed as the product
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The inner precoder 
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focuses on wideband/long term properties of the channel while the outer precoder 
[image: image4.wmf])

2

(

W

takes care of narrow band/short term properties and in this way signaling overhead can be saved while achieving excellent performance. 
Many proposals, including the joint proposal for 8 Tx in the way forward [1] , assume a block diagonal structure for the inner precoder
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Block diagonal designs are highly efficient for the common case of cross-polarized antennas but can also be made efficient for other antenna configurations. As will be evident, the block diagonal structure is a cornerstone also in this contribution for developing 4 Tx solutions. Just as in the 8 Tx way forward, other fundamental components include the use of DFT vectors. Therefore, before we present the two example designs, let for later reference
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be a sequence of 16 consecutive 2-element DFT beams. As seen, the beam oversampling factor is 8.

2.1. 8 Tx GoB 1 Design Downscaled to 4 Tx

In [2] , we proposed a block diagonal grid of beam (GoB) design for 8 Tx. That codebook is easily downscaled to 4 Tx by reducing the size of the constituent DFT vectors from 4 to 2 elements. The number of beams is a design parameter. Here, 16 beams are used, the same number of beams as for the 8 Tx codebook. 
For transmission rank 1 and 2, the downscaled design needs four bits on a wideband basis to select the inner precoder 
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where 
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 is a 2-element DFT beam with index n. The outer precoder 
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is for transmission rank 1 and 2 chosen from the 2 Tx codebook
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(5) 
For notational convenience, scaling factors have been omitted for all the designs in this contribution. The intended scaling factor to use is such that the all overall precoders W have constant Frobenius norm. Since both proposals obey the full PA utilization property, the power on each PA is the same, ensuring that no power is wasted.
A design for transmission rank 3 and 4 is easily obtained by placing more columns in block
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 and expanding the number of rows and columns in 
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. Examples of how that can be done for the 8 Tx case are given in [2]  Another perhaps more attractive alternative is to use the House Holder codebook for rank 3 and rank 4.
2.2. 8 Tx Way Forward Proposal Downscaled to 4 Tx

The way forward in [1]  presents a block diagonal precoder design for 8 Tx. Since the way forward nails down a complete and finalized design that has widespread support from 11 companies, it is interesting to investigate whether it can be modified to fit the 4 Tx case as well. It turns out that just as for the GoB design in the previous section, the way forward design is easy to downscale to 4 Tx antennas. 
For transmission rank 1 and 2, the way forward proposal is given on slide 4 of [1]. In the case of 4 Tx, all that needs to be changed is to use the 2-element vectors 
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 in (3) as fundamental building blocks instead of the current 4-element DFT vectors. The inner precoder 
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 is then selected from the 8-element codebook
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while the outer precoder 
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 is for transmission rank 1 selected from
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and for transmission rank 2 from
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Here, 
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denotes a 4-element selection vector with all zeros except the n:th element which is equal to one.
3. Simulation Results

To assess the performance of new precoder designs compared with Rel-8 House Holder, system level simulations for an urban macro environment have been conducted for both SU-MIMO and MU-MIMO. The simulations assumptions are listed in Table 8 in Appendix. Primarily five different designs where evaluated; Rel-8 House Holder, the downscaled GoB 1 design, the downscaled WF design, new Samsung 3 bit [5]. [4], differential CB Huawei 2 bit  
 In all cases, a CSI feedback report contains both 
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, where the latter is reported per subband.  For the House Holder, the inner precoder 
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 is set to the identity while the outer precoder 
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 corresponds to the House Holder elements. The underlying assumption is that aperiodic CSI on PUSCH is being used to simultaneously transmit all the precoders. 

Results are presented in Table 1 to Table 6. The two downscaled alternatives have similar performance. The House Holder codebook also has similar performance for ULA but for cross-pole, SU-MIMO and MU-MIMO, the downscaled alternatives have better performance. We also see that the two differential codebooks perform similar to the House Holder and ths does not offer any significant performance advantage. Overall, the gains of new codebooks are not so large so as to necessarily warrant a re-design of the 4 Tx codebook. It should be kept in mind that the House Holder is already there and keeping it might be the simplest way forward to ensure progress considering the tight timeline of Rel-10.
Observation

· Existing House Holder codebook performs reasonably well
· Differential codebooks using 
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 does not give any visible performance gain over the Rel-8 House Holder codebook.
Proposal

· Baseline is to keep the existing House Holder design since it performs reasonably well and to expedite the standardization process.
· If it is deemed necessary to enhance the codebook, the downscaled GoB 1 and downscaled way forward proposals are viable candidates
Even if the Rel-8 codebook is kept as is, the feedback can be enhanced in other ways. For example, PUSCH CQI mode 3-2 that was removed in the later stages of Rel-8 standardization can be re-introduced to provide frequency-selective precoding at the same time as frequency-selective CQI reporting.  This would represent a significant enhancement of the feedback and should be possible to introduce with minor standardization efforts.

Proposal
· To enhance the feedback, consider introducing support for PUSCH CQI mode 3-2, i.e., both PMI and CQI is reported per subband to allow simultaneous use of frequency-selective precoding and CQI.
Table 1: Results for SU-MIMO closely spaced cross-pole.

	
	SU-MIMO: Cross-pole (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.27 (0%)
	0.059 (0%)

	Downscaled GoB 1
	2.327 (2.5%)
	0.063 (6.5%)

	Downscaled WF
	2.327 (2.5%)
	0.063 (6.5%)

	New Samsung 3 bit [4] 
	2.27 (0.1%)
	0.060 (1.1%)

	Differential CB Huawei 2 bit [5] 
	2.27 (0%)
	0.059 (0.3%)


Table 2: Results for MU-MIMO closely spaced cross-pole.

	
	MU-MIMO: Cross-pole (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.288 (0%)
	0.061 (0%)

	Downscaled GoB 1
	2.416 (5.6%)
	0.067 (9.7%)

	Downscaled WF
	2.439 (6.6%)
	0.068 (10.7%)

	New Samsung 3 bit [4] 
	2.28 (-0.2%)
	0.061 (-0.1%)

	Differential CB Huawei 2 bit [5] 
	2.29 (0.0%)
	0.061 (0.6%)


Table 3: Results for SU-MIMO closely spaced cross-pole.

	
	SU-MIMO: Cross-pole (Alt 2), 8° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.37 (0%)
	0.063 (0%)

	Downscaled GoB 1
	2.42 (2.3%)
	0.067 (6.0%)

	Downscaled WF
	2.42 (2.3%)
	0.067 (6.1%)

	New Samsung 3 bit [4] 
	2.37 (0.0%)
	0.062 (-0.5%)

	Differential CB Huawei 2 bit [5] 
	2.37 (0.0%)
	0.063 (0.0%)


Table 4: Results for MU-MIMO closely spaced cross-pole.

	
	MU-MIMO: Cross-pole (Alt 2), 8° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.40 (0%)
	0.065 (0%)

	Downscaled GoB 1
	2.54 (5.8%)
	0.072 (9.7%)

	Downscaled WF
	2.56 (6.6%)
	0.073 (10.7%)

	New Samsung 3 bit [4] 
	2.39 (-0.2%)
	0.064 (-0.6%)

	Differential CB Huawei 2 bit [5] 
	2.40 (0.0%)
	0.065 (-0.3%)


Table 5: Results for SU-MIMO closely spaced co-polarized ULA.

	
	SU-MIMO: Co-polarized ULA (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.148 (0%)
	0.062 (0%)

	Downscaled GoB 1
	2.177 (1.4%)
	0.061 (-2.2%)

	Downscaled WF
	2.176 (1.3%)
	0.062 (-0.3%)


Table 6: Results for MU-MIMO closely spaced co-polarized ULA.

	
	MU-MIMO: Co-polarized ULA (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Rel-8 House Holder
	2.366 (0%)
	0.064 (0%)

	Downscaled GoB 1
	2.390(1%)
	0.064 (0.9%)

	Downscaled WF
	2.399 (1.4%)
	0.066 (2.9%)


3.1. Comparison with Adaptive Codebook
In principle, the product precoder structure is implementing an adaptive codebook. In 3GPP, however, the term adaptive codebook is originally referring to that the inner precoder 
[image: image27.wmf])

1

(

W

 is a square matrix and a function of the channel correlation matrix. As such, it commonly ignores full PA utilization property and has to rely on scaling the overall precoder on-the-fly so that the power constraint per PA is fulfilled. The distinguishing feature of later versions of adaptive codebook indeed appears to be the violation of the full PA utilization property. This is in contrast to the GoB or way forward designs which ensure that the power is always balanced on all the PAs for maximum PA efficiency.

To illustrate the impact of violating the full PA utilization property, system level simulations were conducted comparing the downscaled alternatives with the 4 Tx cross-pole adaptive codebook proposal from ALU in [3]  The common scenario of SU-MIMO was considered with similar assumptions as for the tables above. The results are presented in Table 7. Although the codebooks in the adaptive codebook proposal are large, the adaptive codebook is seen to have a loss of nearly 10% on the cell edge (5-percentile user throughput) attributed to inadequate utilization of PAs.
Observation

· Adaptive codebook suffers non-negligible loss due to an unbalanced use of power across the antennas, thus wasting existing PA resources

Table 7: Results for SU-MIMO closely spaced cross-pole.

	
	SU-MIMO: Cross-pole (Alt 1), 15° angular spread

	
	Cell throughput

[bps/Hz]
	5-percentile user throughput

[bps/Hz]

	Downscaled GoB 1
	2.327 (0%)
	0.063 (0%)

	Downscaled WF
	2.327(0%)
	0.063 (0.6%)

	ALU adaptive codebook for cross-pole, Appendix 3 and 4 in []
	2.345 (0.8%)
	0.057 (-9.8%)


4. Conclusions
This contribution discussed feedback for 4 Tx with primary focus on codebook design. Based on discussions and simulation results above we propose the following for enhanced UE feedback.
· Baseline is to keep the existing House Holder design since it performs reasonably well and to expedite the standardization process.
· If it is deemed necessary to enhance the codebook, the downscaled GoB 1 and downscaled way forward proposals are viable candidates

· To enhance the feedback, consider introducing support for PUSCH CQI mode 3-2, i.e., both PMI and CQI is reported per subband to allow simultaneous use of frequency-selective precoding and CQI.
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6. Appendix

Table 8: System level simulation assumptions.

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter site distance
	500 m

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	SCME Urban Macro

	Pathloss model
	128,1 + 37,6 log10(R) dB, (R in km)

	Transmit power
	40 W

	BS antenna configuration
	4 Tx using two different alternatives: 

Alt 1. Two closely spaced ±45° cross-poles with 0.5 λ separation

Alt 2. ULA with 0.5 λ separation and vertical polarization

	UE antenna configuration
	2 Rx: cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of RBs per subband
	6

	Feedback CQI delay
	6 ms

	CQI reporting periodicity
	5 ms
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