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1
Introduction

During RAN#51 plenary [1], further investigations on DL MIMO enhancements have been started, mainly targeting single cell operation as multiple cell transmission is the subject of a different study item. LTE MIMO had a solid evolution path since the very beginning of the system design, to date having 4 layer MIMO operation in Release 8 and 9, and up to 8 layer operation in Release 10. Moreover, while Release 10 brought a new design for 8 layers, it also considered enhanced transmission of 4 Tx MIMO in specific environments like cross-polarized antennas. 
Even with such a strong legacy evolution, 3GPP sees room for further development and optimization of DL MIMO. Defining new scenarios and considering virtually the whole MIMO design re-opened for further changes, we would observe that the new study item is having a rather wide investigation scope. In the following we share our views on the proposed CSI feedback enhancements to be analysed.

2
CSI feedback enhancements 

2.1
Summary of Release 10 single-cell MIMO
We would like to point out several important Release 10 decisions and teachings we believe should be taken into account in the current discussion. One of the main new design paradigms introduced by Release 10 is the utilization of CSI-RS/DM-RS. These allow flexible overhead configuration and flexible transmit MU operation. On the closed-loop precoding side, Release 10 introduced the 8Tx codebook. It should be also emphasized that enhanced CSI feedback for 2Tx/4Tx operation were heavily studied during Release 10, however the gains were not convincing enough to justify the standardization of various CSI feedback enhancements. 

Various schemes like best companion (BCI) PMI/CQI, enhanced CQI computation (for example average CQI over unitary pairs) and the PUSCH feedback mode 3-2 were considered during Release 10. CQI computation with various assumptions like 4 paired UE CQI, one orthogonal pair, average CQI over orthogonal pairs, best companion and corresponding CQI were all investigated and the gains were in the territory of one digit. This is not a surprise as the CQI error sources make such CQI enhancements tremendously difficult. In case of MU-MIMO, one error source is undeniably the additional multi-user interference.  However, there are also other CQI error sources, which are actually more significant than multi-user interference. Averaging over several PRBs causes CQI mismatches for all subcarriers. Inter-cell interference varies from subframe to subframe and PRB to PRB. Due to this, the CQI report is typically calculated with different inter-cell interference load compared to the situation when the CQI is actually used. Factors like precoding, transmission rank, transmit mode and scheduled PRBs are subject to change on subframe basis and hence make the CQI quite unstable over time, especially in the practical case of fractional load. A very well-known example of such fluctuations in interference is the flashlight effect in context of beamforming. UE interference measurements, especially for frequency-selective CQI, are quite erroneous from the start. This is further pronounced by the delays and by the above-mentioned inter-cell interference effects.
PMI enhancements were also extensively addressed. For example, various adaptive codebook proposals have been considered for 4Tx. It has been concluded [9] that the gains of alternative 4Tx codebooks over the 4Tx Rel.8 codebook are not substantial. Other PMI based enhancements were also considered including for example UE procedures to derive PMI targeting both MU-MIMO and SU-MIMO. Identified gains were of the order of one digit (around 5%) and in the light of the fact that practical system operation would make such gains irrelevant, no enhancements have been agreed [8].
Figure 1 illustrates the benefits of various CSI feedback enhancements in MU-MIMO over Rel-8 MU-MIMO and on the other hand over Rel-10 MU-MIMO. It is clearly visible that Rel-10 brought major improvements to the MU-MIMO performance (45% gain over Rel-8 MU-MIMO), and that further CSI feedback enhancements can only be expected to bring single digit gains as even the theoretical SVD gains are only 13% away from Release 10 performance. So both from the perspective of achievable gains and from the perspective of studies already conducted during Release 10, the focus of any additional studies should be rather for example on the new scenarios [4] than on re-iterating CSI feedback enhancement studies.

Observation: Extensive investigations into CSI feedback enhancements have been carried out during Release 10. Future evaluations should explore new enhancement opportunities rather than re-visit previous studies.
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Figure 1, Performance benchmarking of MU-MIMO in 4x2 configuration from Release 8 to Release 10 with and without CSI feedback enhancements.
2.2
CSI feedback enhancements in new scenarios
New MIMO scenarios require new design considerations, and from this perspective it is indeed necessary to consider CSI feedback enhancements as well and all the other aspects needed to make MIMO operate in the new scenarios. We want however to emphasize the need for exploring new system operation possibilities for MIMO rather than reopening design issues considered in previous releases, as stated also by the Study Item description. As we have proceeded in the CoMP SI, we believe it is efficient to agree first on the detailed scenarios to be considered, or prioritized, and proceed with the corresponding design considerations. We believe the current proposed scenarios are opening too much the scope of this SI and should be further trimmed down, as discussed in [4].

It is quite likely that (one of) the main scenarios to be considered from a DL MIMO enhancement perspective is the macro-node with low power RRHs, the so called CoMP scenario 4. There are several new aspects which add a degree of complexity in handling this scenario from MIMO perspective. 
The very first issue comes from the number of transmit antennas. Traditionally the UE is assigned in a cell operating with a single physical identifier while the number of transmit antennas are set to 2Tx, 4Tx, 8Tx. In non-uniform deployments we deal with transmit points, all under a single cell identifier, hence a degree of transparency is added on top of previous thinking. With the aid of UE specific CSI-RS (assuming that the new Release 11 will be an evolution of TM9) the operation of transmit points is made seamless from UE perspective and hence it also breaks the barrier of the possible maximum 8Tx which one UE can hear. Indeed, as one RRH can be set with for example 1Tx, 2Tx, or 4Tx while macro-node can have 1Tx, 2Tx, 4Tx, or 8Tx, depending on the channel conditions, one UE can hear multiple RRHs and the macro, hence potentially even more than 8Tx antennas. Not only the maximum number of transmit antennas is a new thing in this scenario, but also the combinations of antennas which go along.  It is possible, to be investigated also if feasible, to have a joint transmission type of operation from multiple transmit points.  It is also quite probable that one UE can hear the macro and one RRH, with the possibility of 1Tx configuration in the RRH, this combination would enable an odd number of transmit antennas.
Observation: A high number of Tx antennas (more than 8Tx) as well as an odd number of Tx antennas are possible in non-uniform deployments.

Throughout Release 10 CSI discussions, various feedback mechanisms have been considered, exploring schemes of explicit and implicit feedback. While explicit feedback seems attractive from the feedback information point of view, practical points such as testability, implementation complexity, standardization effort and limited feedback link capacity make such schemes less appealing in real world, at least considering today’s technical limitations. We believe implicit feedback should remain to be primarily considered for the CSI enhancements in the new scenarios. 
Proposal: Implicit feedback should be the baseline for new investigations.
As previously mentioned, a form of joint transmission between the transmit points might be possible. Going further with the implicit feedback thinking, one may make use of the existing codebooks and operate them per transmit point while combiners are to be fed back as well. Another possibility would be to design joint codebooks. This later solution appears impractical given the various possibilities in terms of transmit antennas. Let us have the following example of two RRHs, each with 2Tx antennas and macro-node with 4Tx, hence forming a virtual 8Tx for the UE of interest. Reusing current feedback can be done by either considering the 2Tx and 4Tx codebooks on the corresponding transmit points and in addition computing the combiners which form the 8Tx precoders, hence similar to CoMP operation, or by considering the 8Tx codebook on the virtual array. This later solution does not correspond to the aggregated  channel properties as the 8Tx design has been done for correlated antennas while the distributed antennas will not have such property between the transmit points arrays. 

Proposal: Reusing the existing codebooks should be the baseline.

Another aspect is the number of layers to be considered. Release 10 had an incentive for 8 layers in single user mode, striving for high peak rates. In practice we deal with UEs having 2Rx and 4Rx, hence we see small need for a large number of streams (more than 4) in the new scenarios. Due to the nature of distributed antennas, a more uncorrelated composite channel (even full rank) is to be observed when combining multiple transmission points. One potential optimization area is for 3-4 layers which are not so efficiently operated in 4x4 scenario. Even if a high number of layers are considered, maximum number of layers cannot exceed 8. As for the multiuser case, Release 10 has the limitation with respect to the number of DM-RS which allow for only two orthogonal layers and a maximum of four quasi-orthogonal layers being able to be transmitted. Four quasi-orthogonal layers are possible if ones makes use of the two available scrambling IDs in addition to the two orthogonal ports. While considered in Release 10, the operation of four layers in MU has not been seen beneficial from the point of view of orthogonal DM-RS, one major drawback being the high overhead. The location of the RRHs in the macro-node may enable the usage of quasi-orthogonal DM-RS and the spatial separation can be used. 

Observation: No need for higher spatial-multiplexing layers in single user mode, while a higher multi-user operation might be achievable in a transparent way, by using the spatial separation between the RRHs.
The reference signals operation should be in the spirit of TM9, hence the CSI-RS and DM-RS combo is used, while PDSCH RE muting may be utilized on top. We note the UE specific nature of the whole RS package which adds the flexibility of operating this scenario. From the point of view of CSI estimation, antenna ports of transmission points are indicated in a UE specific way. RE muting is operated in addition to CSI-RS to facilitate accurate transmit point CSI estimation. For PDSCH demodulation, DM-RS are utilized, the current specification allowing transparent operation mentioned above, hence four layers to be multiplexed. If extra multiplexing capacity is needed, the scrambling domain can be one dimension to be further expanded. In addition to the scrambling IDs and pattern as such, the OCC codes have been previously proposed to be handled in a specific way for MU operation. However, considering the 12 REs of the traditional two-layer operation for up to four-layer transmission instead might prove inappropriate as the number of REs per layer, power wise, equals three per PRB, which is totally insufficient for accurate demodulation.
Proposal: There seems to be no immediate need for a modification of the number of orthogonal DM-RS layers in MU.
3
Conclusions
In this contribution we have been presenting high level views with respect to the CSI enhancements envisioned for the new DL MIMO study item. Going through the recently finalized Release 10 decisions, a very first important observation is the fact that sustained effort for CSI feedback enhancements has been done during Release 10, considering CQI, PMI and codebook enhancments. We do believe that future evaluations should explore new enhancement opportunities rather than re-visiting previous studies.
Being more specific on the CSI enhancements to be further investigated, we can summarize the following observations and proposals:

Observation: A high number of Tx antennas (more than 8Tx) as well as an odd number of Tx antennas are possible in non-uniform deployments.

Proposal: Implicit feedback should be the baseline for new investigations.
Proposal: Reusing the existing codebooks should be the baseline.

Observation: No need for higher spatial-multiplexing layers in single user mode, while a higher multi-user operation might be achievable in a transparent way, by using the spatial separation between the RRHs.
Proposal: There seems to be no immediate need for a modification of the number of orthogonal DM-RS layers in MU.
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