3GPP TSG-RAN WG1 Meeting #60
R1-101430
San Francisco, USA, February 22-26, 2010

Agenda item:

7.2.4.4
Source:
Nokia, Nokia Siemens Networks
Title:
8-Tx codebook design considerations
Document for:

Discussion and Decision

1
Introduction

In this contribution we discuss the design of the 8-Tx codebook for LTE Rel’10. Codebook design proposals coming from several companies [1]
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[5] have considered specific scenarios, particularly uniform linear arrays (ULA) or cross-polarized closely-spaced antenna arrays. In the following, we first address certain design criteria that should be adopted in Release 10 codebook design, especially highlighting the importance of considering MU-MIMO in the design [15]. Furthermore, we discuss the issue of defining specific targeted antenna configurations in order to allow further work on benchmarking codebook designs according to pre-defined rules. The contribution also discusses higher LTE-A codebook concepts. 
2
Codebook design criteria 
In order to standardize a codebook for eight transmit antenna ports in support of downlink SU-/MU-MIMO, the design rules and simulation scenarios have to be agreed first, similarly to the design of Rel’8 4-Tx codebook. In the following, we recap the design rules that were used for the design of 4-Tx codebook, and discuss their suitability for 8-Tx codebook design in LTE-Advanced:

· Constant modulus (CM): All the codebook entries are of the same amplitude, which makes UE codeword (PMI) selection less complex and prevents from power amplifier imbalance at eNB side. In LTE-Advanced, UE codeword selection complexity should still be prioritized, especially considering that the 8-Tx codewords have more elements and that the codebook size may be larger than the 16 elements used in the 4-Tx codebook. On power amplifier imbalances one may argue that use of UE-specific precoded RS for demodulation would allow the eNB to override any reported non-CM precoder to a CM precoder in the case of operating power amplifiers at peak power. However, such override would likely involve slight performance loss, hence also from this perspective is seems simpler to restrict the codewords to have constant modulus.
· QPSK/8PSK alphabet: All elements of each codeword are restricted to certain alphabet. This lowers the complexity of codeword selection at the UE side. As mentioned, UE codeword selection complexity should be kept as low as possible, hence we propose to adopt also this criterion to the design of the 8-Tx codebook.
· Nested property: Each rank-r codeword contains also rank<r codeword(s) as a subset of the matrix columns. Nested property serves two purposes, one of which is allowing efficient rank override in case of common reference signals, and the other is decreased UE computational complexity in rank computations since one may reuse some of the computations done for lower ranks for the case of higher ranks. With the adoption of UE-specific precoded RS for demodulation, rank override can be done as well without the nested property as the eNB may simply select (e.g. based on CQIs) certain columns of the reported codeword for lower rank transmission. However, again for the purposes of decreasing UE computational complexity in rank selection, nested property seems useful.
Proposal: The elements of the 8-Tx codebook should have constant modulus and restricted alphabet (QPSK/8PSK). The codebook should have the nested property.
The Rel’8 codebook construction process was as follows: initially, rank-1 precoders were designed. In the following stage, rank-1 vectors were transformed to full rank matrices and afterwards the remaining ranks were optimized preserving the nested property. However, the Householder transform used for eight transmission ports breaks the constant modulus property [6], which is undesirable. Hence, a different design approach is needed for the 8Tx codebook.
We suggest keeping the three above mentioned design rules unless sufficient gain is introduced when departing from these constraints. The codebook size should be kept as low as 4-6 bits to avoid increasing UE computational complexity, uplink overhead as well as further increasing the required standardization effort. We note that, as also pointed out in [7], channel estimation accuracy would become the limiting factor if a too large codebook is desired. Hence, also from this perspective it is pointless to design a codebook with very fine quantization granularity.
2.1
Support of multi-user MIMO

Multi-user MIMO has been acknowledged to be one key technique for enabling higher spectral efficiencies in LTE-Advanced. Hence it is obvious that MU-MIMO support needs to be considered in the feedback design as well. More detailed discussion on the feedback mechanism can be found in a companion contribution [15].As shown in multiple papers earlier, for example [8] [9], and also discussed in [7], implicit PMI feedback based on codebook can serve also MU-MIMO purposes perfectly well without additional restrictions. Furthermore, in RAN1#59 the following was agreed regarding dynamic switching between SU- and MU-MIMO:
· “Switching between SU- and MU-MIMO transmission is possible without RRC reconfiguration”

Such operation by definition requires that SU- and MU-MIMO are operated with the same feedback. Since it seems generally agreed that one needs a new codebook for 8-Tx purposes, it is obvious that this codebook should then support MU-MIMO in addition to SU-MIMO. Obviously, single-user MIMO performance should not be compromised, but this should not be an issue as typically SU-MIMO requires slightly less accurate feedback than MU-MIMO.
Proposal: Consider SU- and MU-MIMO performance with equal priority in the codebook design.
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Targeted scenarios
As mentioned beforehand, selection of targeted scenarios at early phase is very crucial to codebook design. We suggest restricting the antenna configurations into e.g. two options, for example those listed below, which should be typical for usage of eight antenna ports.
· Closely-spaced cross-polarized antennas: 0.5-1 λ-spaced cross-poles [0˚ 90˚] → [0˚/90˚] and [0˚/90˚] → [45˚/-45˚]
· Non-calibrated antenna array: This can be modelled by random semi-static phase shifts at each antenna element.
Also it seems essential to agree at least on selected baseline channel models for which the codebook could be optimized. Relevant fading model should be picked in the way to avoid particular angle of departure. Further, urban micro and indoor fading models could be selected as target models for eight antenna ports. Furthermore, as pointed out, CSI estimation imperfections and feedback delays have an impact especially on the codebook size so those should be modelled as well in the performance evaluations.
 Proposal: Agree on few baseline antenna configurations to consider for 8-Tx codebook design in LTE-Advanced. Agree also on relevant channel models, CSI estimation imperfections and feedback delays to be used in codebook performance evaluations.
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Views on codebook improvement concepts
In this section we review a few codebook enhancement principles proposed in RAN1 during the LTE-Advanced SI phase and provide some views on those. First, some concepts have been proposed on schemes to deal with different scenarios and eNB antenna configurations:
Channel transform: In [10] the concept of transformed channel rather than the codebook itself has been explained. First, the covariance matrix as seen at the UE is fed back to eNB, its matrix square root is computed and applied to codebook. Then, the same matrix square root is then applied at the UE to the channel instead of codebook. This is  increasing the codeword selection complexity. Moreover, optimal quantization of covariance matrix is impractical because it depends on number of Rx in addition to Tx antenna ports. Also designing this quantization properly would require a lot of standardization effort. This solution may provide flexibility for the codebook to support almost unlimited number of different setups, however, it is far from clear whether this extensive flexibility is really needed with the cost of additional complexity and standardization impact.
Downloadable codebooks: In [11] downloadable codebooks and related downlink signalling has been discussed and several simplifications have been introduced with the goal of reducing the associated overhead. The amount of information that would need to be transmitted on downlink with such proposals is still unbearable. Furthermore, the concept of downloadable codebooks is in strong contradiction with the above-mentioned codebook design principles. Those principles are defined in order to simplify UE codeword selection complexity. Now, if codebooks are allowed to be downloadable, UE implementation can no longer rely on the codebook to have these properties, hence the codeword selection functionality will have to be implemented for the worst case and the benefits of those properties are completely lost.
In general for 8-Tx case it is not clear whether the number of scenarios is that large that special schemes are needed to enable codebook support in several different scenarios. This should be first clarified. Moreover, there are also very simple ways available to deal with different scenarios in case their number is limited. Already in Rel’8 the codebook contains codewords for multiple scenarios, e.g. beamforming vectors are explicitly included in the same codebook. 

As another potential enhancement, several proposals have been mentioning improvements of the accuracy of the CSI feedback:
Refinement codebooks: in [12]
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 \* MERGEFORMAT [13] refinement codebooks were introduced, however marginal gains (<1.5dB at 3km/h [14]) for SU-MIMO are observed. Moreover, MDC [13] requires two codebooks to be specified and potentially for each scenario, which makes the scheme extremely challenging from standardization and Rel’10 time schedule perspective. The other refinement proposal in [12] requires the refinement codebook to be computed on fly or Nx(N-1) codewords would need to be stored in memory. Both of these approaches are as well impractical. Thus, one should first look at the performance of basic codebook designs, and potentially consider later any improvements, also considering CSI estimation impact and whether RAN4 can ever take such schemes into account in defining the performance requirements.
Proposal: Focus first on the basic codebook design and its performance evaluation. Focus on single 8-Tx codebook design as baseline.
It is noted that if Rel’8 –type of codebook design approach is shown to be insufficient for e.g. MU-MIMO, and/or if it is shown that this approach produces codebooks that have severe limitations in certain relevant scenarios, some simple enhancements could be later considered if their testability is possible and can be justified.
5
Conclusions

In this contribution we have discussed codebook design principles for 8-Tx case. First we proposed to adopt the basic design criteria used in Rel’8 to decrease the UE computational complexity in codeword selection:

Proposal: The elements of the 8-Tx codebook should have constant modulus and restricted alphabet (QPSK/8PSK). The codebook should have the nested property.

Then we have highlighted the importance of MU-MIMO in LTE-Advanced, hence we have proposed following:

Proposal: Consider SU- and MU-MIMO performance with equal priority in the codebook design.

Then, as optimum codebooks are different for different eNB antenna setups, it was proposed to first agree on a number of relevant scenarios to be focused on, as well as align the assumptions about relevant channels, CSI estimation imperfections and feedback delays at early phase to allow proper performance benchmarking of the codebooks.
Proposal: Agree on few baseline antenna configurations to consider for 8-Tx codebook design in LTE-Advanced. Agree also on relevant channel models, CSI estimation imperfections and feedback delays to be used in codebook performance evaluations.
Finally, we briefly reviewed a number of codebook enhancements principles proposed earlier. We emphasized that one should first look at what can be done with Rel’8 –type of approach to codebook design and whether that would have any severe limitations:

Proposal: Focus first on the basic codebook design and its performance evaluation. Focus on single 8-Tx codebook design as baseline.
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