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1 
Introduction
In the Further Downlink MIMO Enhancement for LTE-Advanced work item description [1], it states that 

The work item is based on the evaluations carried out in the DL MIMO enhancement study item and will fulfill the following objective: 

· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 

In this contribution, we give our view on 4-Tx codebook enhancement. 
2 
Codebook design in LTE
Codebook design has attracted great interest since the beginning of LTE. In Releases 8 and 10 codebooks were thoroughly studied and debated. UE complexity and deployment scenarios have been important factors in selecting the codebooks. As changes in the codebook inevitably leads to changes in UE implementation, understandably RAN1 has been treating codebook proposals with extreme care. RAN1 have repeatedly found from the codebook design exercises, that the performance of a codebook often depends on the deployment scenario: ULA vs cross-pol, etc. 
As a consequence the LTE 4TX codebook is a compromise for all deployment scenarios. It is fair to assume for each particular scenario further optimization of the current LTE codebook would be possible, yet it is not clear how deployment scenarios should be prioritized – the ranking can be highly subjective. 
3 
Codebook enhancements for LTE Rel-12

It is clear from the SID that 4Tx codebook enhancements target a variety of scenarios including small cells and non-collocated antennas with power imbalance while prioritizing cross-polarized antenna configurations. In addition to this we also feel that a codebook enhancement solution may depend on its applicability – whether the enhancement will apply to both CRS and DMRS (with CSI-RS) based transmission modes in Rel-12.

Observation-1: It should be clarified further whether 4TX codebook enhancements in Rel-12 should target both CRS and DMRS (with CSI-RS) based transmission modes.
In Rel-8, a particular 4Tx codebook with fixed resolution per rank was chosen that provided reasonable performance in a variety of macro scenarios (Hetnets were not considered) including cross-poles and ULAs – the focus was on feedback overhead, computational complexity versus performance. In Rel-10, when defining the 8TX codebook,  some flexibility in terms of resolution was built in to the design and depending on feedback mode the quantization resolution can be 4 bits or more. So far codebooks were optimized for azimuth-only beamforming/MIMO operation.. Noticing that geometry and rank distributions can be quite different in all these cases it is difficult to converge on a single codebook that can be close to optimal in terms of performance for all scenarios. This could motivate a more flexible design also for 4TX operation or using precoded reference signals for transmit weight selection.

Observation-2: A 4-port system can be used in a variety of scenarios in the timescale of Rel-12 and beyond, optimizing a single codebook to cover all needs will be challenging.
Considering DMRS (with CSI-RS) based transmission modes it is also worth pointing out that the Rel-10 8Tx codebook can be transparently used by an eNB for 4-port transmission. This will only require appropriate CSI-RS configuration (simple way would be to not send any power in 4 of the 8 CSI-RS ports (see figure 1 in Appendix), or two REs for two CSI-RS ports are mapped to the same physical antenna) and rank restrictions. By mapping appropriate CSI-RS ports to codebook entries, the product structure of the Rel-10 codebook could be retained, and effectively a 4-Tx codebook at  finer granularity than the Rel.8 4-tx codebook can be obtained. Thereby, different deployment scenarios can be served by mapping different CSI-RS ports. This method has the potential to improve performance in certain cases (TM8-10 feedback modes that are not sub-sampled) without any impact to the specifications. More details are provided in the appendix.
 Observation-3: The Rel-10 8Tx codebook can be transparently used for 4Tx transmission. This does not require any specification changes. This should be taken into account when considering 4Tx codebook enhancements for Rel-12.

If sufficient benefits from standardization of a new 4-Tx codebook can be show, a natural candidate can be a 4Tx codebook designed with the same principles as the Rel-10 8Tx codebook – retaining a W1W2 product structure with W1 generated from DFT vectors and co-phasing via W2. The gains of specifying a new codebook should be carefully studied.

Observation-4: If there is a performance advantage in defining a new 4Tx codebook, a natural candidate would be a 4Tx codebook designed using the same principles as in the Rel-10 8Tx codebook. 
4. Conclusion
In this contribution, we give our views on 4-tx codebook enhancement/CSI feedback. We point out that the Rel-10 8-Tx codebook can also be applied in the case of 4-Tx, when properly configured. Therefore we make the following observations:
Observation-1: It should be clarified further whether 4Tx codebook enhancements in Rel-12 should target both CRS and DMRS (with CSI-RS) based transmission modes.

Observation-2: A 4-port system can be used in a variety of scenarios in the timescale of Rel-12 and beyond, optimizing a single codebook to cover all needs will be challenging.
Observation-3: The Rel-10 8Tx codebook can be transparently used for 4Tx transmission. This does not require any specification changes. This should be taken into account when considering 4Tx codebook enhancements for Rel-12.
Observation-4: If there is a performance advantage in defining a new 4Tx codebook, a natural candidate would be a 4Tx codebook designed using the same principles as in the Rel-10 8Tx codebook. 
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Appendix
Configuring 8 Tx codebook for 4-Tx in a transparent way

We demonstrate a method to reuse 8-tx codebook for 4-tx in a transparent way, which leverages all the previous work built for 8-tx:

1. For an eNB equiped with 4 antennas, UEs in the transmission mode 9/10  are configured with 8- port CSI-RS configuration.

2. At the eNB, four CSI-RS ports among the configured 8 ports are NOT energized; the rest of them (four ports) are energized, which constitutes row selection of the precoder matrix.

a. Alternatively, the same signal may be transmitted from multiple (two ) CSI-RS antenna ports.

3. A UE searches the best PMI according to the 8 Tx codebook. Codeword subset restriction can be applied to mitigate the search complexity and to avoid from estimating redundant PMIs.

4. From the PMI feedback, the eNB finds the corresponding 8-Tx codeword, but removes (i.e. ignores) the rows corresponding to the non-energized CSI-RS ports. The resulting precoding matrix is then used for DMRS and data (and possibly control signals)  transmission towards the UE. Steps 1-4 can be conducted in an implementation specific way, and no specification changes are needed. 

It should be noted that depending the selection of energized ports,  eNB antenna arrays such as ULA, Xpol with close spacing and Xpol with large spacing can be all accomodated.  New codebook proposals can be studied with specfication transparent methods including the method demonstrated here.
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Figure 1:  8-Tx codebook for 4-Tx transmission.15,16,..,22 are the CSI-RS port indices. 4 out of the 8 CSI-RS antenna ports are not energized: ports 17,18,19,20. 
[image: image2.png]



Figure 2     4 antennas with the same polarization are selected (marked in black)
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Figure 3     2 pairs of closed spaced Xpol antennas are selected (marked in black)
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Figure 4   2 pairs of widedly spaced Xpol antennas are selected (marked in black)
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