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1. Introduction

The following decisions were made in the MIMO AH summary [1] regarding SU-MIMO codebook based precoding for UL MIMO extension up to 4x4.
Conclusion for 4TX:

· Overall design principle

· Independent design for different ranks

· Decide upon codebook independently for each rank

· Rank1:

· A few vectors for selected antenna(s) (PA(s)) “turn-off” 
· Targeted for power saving in case of, e.g. antenna gain imbalance
· Rank2:

· CM preserving for all the 4x2 precoding matrices
· Each matrix has one zero and one non-zero exp(j*θ) element in each of the 4 rows
· Rank3: FFS

· CM-preserving or CM-friendly or Rel-8 DL or mixture or … 

· Mixture of CM-preserving and other approach (across different rank cases in case of dynamic rank adaptation), e.g., CM-friendly or Rel-8 DL: yes or no FFS

· Rank4: identity matrix
In this contribution we highlight some issues related to the codebook options available for uplink precoding.
2. Antenna turn-off matrices (or vectors)
The objective of antenna turn-off elements is distinctly different from antenna selection (that provides selection diversity). An eNodeB may choose to apply an antenna turn-off matrix (or vector) when the perceived uplink channel reflects significant antenna gain imbalance (due to hand gripping etc.). A simple simulation shown in Figure 1 exemplifies this situation for the case of rank-1 precoding. In the presence of imbalance the application of antenna turn-off vectors can provide some throughput gain in comparison to a Rel-8 codebook with equal total power transmitted from an UE. In other words, the power from the turned-off antennas is added to the other antennas in this case. Practically this may or may not be feasible depending on the PA configuration of an UE and the power requirement for an uplink allocation. Consequently the application of antenna turn-off matrices (or vectors) may not be throughput optimal. Therefore the application of the antenna turn-off matrices should be left at the discretion of the eNodeB. 

· For each rank, the collection of precoding matrices other than the antenna turn-off matrices should be optimized separately for throughput
· The antenna-turn off matrices (or vectors) should be optimized separately and added to the other codebook matrices.
Since rank adaptation is dynamic, it is sufficient to specify antenna turn-off matrices only for rank-1 (vectors in this case). This will provide an option to an eNodeB to switch to rank-1 antenna turn-off vectors if needed. This naturally leads us to the following sizes for each rank (guided by the Rel-8 codebook)
· Rank-1: size 16 + 15 or less antenna turn-off vectors, Rank-2: size 16, Rank-3: size 16, Rank-4:size 1
To enable the selection of an antenna turn-off vector from the set of antenna turn-off vectors it is convenient to have the same power assigned to each antenna turn-off vector.
· The antenna turn-off vectors are scaled appropriately so that each antenna turn-off vector has equal power 
It is difficult to predict the antenna placement on different UEs as well as hand-gripping patterns. 
Option 1: One option is to provide the maximum flexibility in terms of the antenna elements that can be turned off. This leads us to 14 antenna turn-off vectors similar to [2]. Due to this set of antenna turn-off vectors the power backoff for each transmit PA (connected to a Tx antenna) may have to be adjusted based on the chosen index.
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Option 2: Another option is to limit the flexibility of the number of antenna elements that can be turned off and optimize the chordal distance. An example of 12 such antenna turn-off vectors is:
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Turning off two antenna elements aligns with a co-located cross polarized antenna configuration. Due to this set the power backoff for each PA (connected to a Tx antenna) does not depend on the chosen antenna turn-off vector index. The transmit PA backoff requirement is smaller for this set compared to ‘Option-1’. The relative throughput performance of the Rel-8 rank-1 codebook and the set of antenna turn-off vectors mentioned in ‘Option 1’ and ‘Option 2’ are illustrated in Figure 2. It is observed that the performance of the ‘Option 1’ and the ‘Option 2’ vector sets are similar. Further optimizations may be possible to improve the performance.
3. Rank-1 vectors

In the case of rank-1 transmission we propose that:

· Rel-8 rank-1 vectors be a baseline

· Additional antenna turn-off vectors are studied with desirable properties described above 
4. Rank-2 matrices

In the case of rank-2 transmission we propose that:

· CM preserving codebooks be a baseline
· No additional antenna turn-off matrices

5. Rank-3 matrices

In pursuit of a low CM waveform, several codebooks have been proposed for rank-3 transmission. In contrast to Rel-8 codebooks or Rank-2 CM preserving codebooks (as in [3]) the codebooks proposed in [4] and [5] are non-unitary. The codebook matrices in [4] comprise of orthogonal columns but unequal power for each virtual antenna. The codebook matrices in [5] comprise of non-orthogonal columns as well as unequal power for each virtual antenna. This leads us to the following issues that need further investigation.    
· Non-unitary precoding: Non-orthogonal precoding matrices [5] may degrade throughput performance. Orthogonal precoding matrices with unequal power for each virtual antenna [4] naturally imply a virtual antenna to layer mapping (the first virtual antenna is mapped to the first layer) and effectiveness with layer-shifting and antenna imbalance need to be studied.   
· Unitary precoding: Unitary precoding matrices [2] provide a more conventional design approach but is not CM preserving. UEs assigned rank-3 transmission will most likely be in high SINR regime. In such cases the CM may also be affected by a PUCCH allocated simultaneously or even multi-carrier transmissions. Even though it is obvious that a low CM is desired it may not be critical for rank-3 precoding matrices to be CM preserving.
· Sacrificing unitary property for reducing CM is FFS. 
6. Simulation Results

The simulation results show below assume a 4x4 flat-fading channel of the form Rrx1/2*H* Rtx1/2*diag(d) where Rrx=toeplitz([1 ρrx ρrx4 ρrx9]), Rtx=toeplitz([1 ρtx ρtx4 ρtx9]) model the spatial correlation of the receive and transmit antennas, d is 4x1 and contains the antenna attenuation amplitudes that model antenna imbalance, H is i.i.d. ~ CN(0,1). The gain is measured from the capacity plots assuming MRC receiver and channel estimation, feedback delay are not modeled.
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Figure 1: The antenna imbalance is assumed to affect 2 out of 4 transmit antennas (randomly chosen). The reference curve (0-dB) is obtained from Rel-8 Rank-1 codebook. The set of 12 antenna turn-off vectors mentioned as ‘Option 2’ is used for precoding to obtain the blue and black curves. For comparison, the total power from 4 Tx antennas is considered unity for both codebooks.  
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Figure 2: The antenna imbalance is assumed to affect 1, 2 or 3 out of 4 transmit antennas (randomly chosen). The reference curve (0-dB) is obtained from Rel-8 Rank-1 codebook. The set of 14 antenna turn-off vectors mentioned as ‘Option 1’ is used for precoding to obtain the dotted curves. The set of 12 antenna turn-off vectors mentioned as ‘Option 2’ is used for precoding to obtain the solid curves. For comparison, the total power from 4 Tx antennas is considered unity for all codebooks.
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