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1. Introduction

Various CSI enhancement schemes are evaluated in a companion contribution [4] based on the latest simulation assumptions. It was found that the performance gains of CSI enhancement are overall marginal, e.g. in the range of 0-3% for cell-average throughput and < 5% for cell-edge coverage. In this contribution we summarize the existing CSI enhancement proposals, discuss their pros/cons, performance gains in real-life deployment scenarios, and standardization impacts. It should be noted that some of the enhancement schemes may be implemented in a standard-transparent manner based on TM10. Hence, the need for standardized enhancements in Rel.12 must be considered in light of this observation. 
2. CSI enhancement schemes
2.1. PUSCH mode 3-2

Compared to PUSCH mode 3-1, the potential gain of PUSCH mode 3-2 comes from frequency-selective precoding. It is well known from Rel.8 discussion that frequency-selective precoding gain from sub-band PMI is mainly found in un-correlated antenna scenario (e.g. with wide antenna spacing and dual-polarization). In correlated channel with close antenna spacing, the gain of mode 3-2 is expected to be small. Therefore the adoption of mode 3-2 may depend on the prioritization of uncorrelated antenna configuration in real-life deployment.
The standardization efforts of PUSCH mode 3-2 cannot be decided independently, but needs to be studied jointly with other CSI enhancement schemes (e.g. double-codebook). If double-codebook is not introduced and there is no PMI sub-sampling, introduction of mode 3-2 is straightforward where the expected work load mainly comes from RAN4’s perspective.  However if double codebook is adopted and sub-sampling is introduced, mode 3-2 requires more standardization efforts.
Observation:

· Widely-spaced uncorrelated antenna is the main scenario where PUSCH mode 3-2 may see some gain. The need of mode 3-2 depends on the prioritization of uncorrelated antenna configuration.
· RAN1 standardization is relative easy compared to other CSI enhancement schemes. However, if RAN1 adopts double-codebook and PMI sub-sampling, the standardization effort of mode 3-2 becomes more involved. 
2.2. Multi-rank CQI/PMI

It is noted that multi-rank PMI/CQI may be implementation in a standard-transparent manner. 
· One possible solution is to configure two CSI-processes where the second CSI-process is confined to rank-1 CSI by codebook subset restriction. As such a rank-1 CSI is reported by the second CSI-process, and the first CSI-process provides the baseline SU CQI/PMI with full rank adaptation. A slight shortcoming however is that the rank-1 CSI is always reported and incurs slightly higher feedback overhead.
· Alternatively, it is possible to resort to the restricted subframe subset measurement mechanism where codebook subset restrictions of two subframe subsets are independently configured. For one of the subframe subsets, codebook subset restriction can be used to trigger rank-1 CSI only, whereas for the other subframe subset full rank adaptation is configured. In this case, the rank-1 and baseline rank-r CSI are time-domain multiplexed under a single CSI-process, without any additional overhead. 
Both solutions need no standardization support in Rel.12.
2.3. MU-CQI

MU-CQI is derived under a set of hypotheses regarding intra-cell interference, including PMI for each co-scheduled layer, number of co-scheduled layers, and power allocation for each layer. It must be noted that the actual MU-interference experienced by PDSCH transmission could be vastly different from the MU-CQI hypothesis. This inevitably results in a CQI mismatch and limits the usefulness of MU-CQI in real-life scheduling. 
Again, standard-transparent implementation of MU-CQI is possible based on TM10. Without loss of generality we take UE-1 as an example, where two CSI-processes are configured for UE-1 associated with two different CSI-IM resources. On CSI-IM 1, eNB performs muting on UE-1 as well as any other UE that may be co-scheduled; therefore the first CSI-process corresponds to the baseline SU-CQI without any intra-cell interference.  On CSI-IM 2, eNB performs muting on the PDSCH transmission of UE-1 but does not mute the PDSCH transmission of any co-scheduled user. Hence CSI-IM 2 (and the second CQI) reflects the actual intra-cell interference due to MU-pairing and implicitly provides such MU-CQI information to the eNB. It must be noted that this is completely compliant with the TM10 CSI measurement mechanism, and does not require any new standardized features in Rel.12.
2.4. Enhanced 4Tx codebook

It was proposed to extend the dual-stage or double-codebook structure of 8Tx to 4Tx. Note that such a two-stage structure is fundamentally based on the presence of correlated antenna setup commonly assumed for 8Tx deployment. 
The following observations should be noted for 4Tx:
· Rel.11 4Tx codebook was already designed to offer competitive performance for SU-MIMO while keeping MU-MIMO in mind with the support of 8 DFT vectors in the rank-1 codebook.
· Rel.11 4Tx codebook was designed with both correlated/uncorrelated channels, and ULA/XPD antenna configurations in mind. Extensive link and system-level performance evaluation with different antenna spacing (e.g. 0.5, 4, and 10
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) under both ULA/XPD setups have been extensively used in previous studies, and the current Re.11 codebook have been proven to perform competitively. 
The simulation results [4] demonstrated that that the performance gain of a two-stage 4Tx codebook is marginal, in the range of 0-5% for both cell-average and cell-edge coverage. Note that such evaluation was performed in closely-spaced dual-polarized antenna configuration which is exactly the spatial model that double-codebook structure assumes. Hence it should represent a best-case scenario. Even in such scenario, however, the marginal gain does not seem to justify the additional efforts in specifying a new 4Tx codebook. 

If an enhanced 4Tx design following double-codebook is deemed necessary, for which we still have not seen any sound justification, we believe it’s important to keep both all antenna configuration in mind. In addition, keeping in mind that dynamic switching (switching without RRC configuration) between SU-MIMO and MU-MIMO is the baseline assumption, the eNB should be able to use the Rel.11 4Tx and the enhanced components interchangeably. This can be realized in a simple and natural manner by augmenting the Rel.11 codebook with additional codebook component based on the dual-stage structure:
· The Rel.11 4Tx codebook is used as the codebook for 
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, CB2  is chosen as the original Rel-11 codebook designed with both correlated/uncorrelated ULA/XPD channel.
· Else, if 
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indicates some other matrices, CB1 and CB2 are chosen as the enhanced component. For instance, 
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 may be designed with the Block-Diagonal Grid-of-Beam (BD-GoB) structure which specifically targets the closely-spaced XPD antenna configuration. For instance, evaluation in [4] assumed a (N,Nb) = (16,2) codebook augmentation with Nb=2 beams per grid.
3. Conclusions
In this contribution we discussed various aspects of the existing CSI enhancement proposals. Based on the discussion our conclusions and observations are summarized below:
Observation: 

· The performance gain of CSI enhancement is overall marginal (e.g. in the range of 0-3% for cell-average throughput and 0- 5% for cell-edge coverage). 

· The cumulative gain of multiple enhancement schemes is not significantly higher the gain of any single enhancement scheme. Hence, multiple enhancements show diminishing return over a single enhancement.
· PUSCH mode 3-2

· Widely-spaced uncorrelated antenna is the main scenario where PUSCH mode 3-2 may see some gain. The need of mode 3-2 depends on the prioritization of uncorrelated antenna configuration in real-life deployment.

· RAN1 standardization is relative easy compared to other CSI schemes, except RAN1 adopts double-codebook and sub-sampling to mitigate the excessive feedback overhead. . 
· Multi-rank PMI/CQI
· Can be implemented in a standard-transparent manner.
· MU-CQI

· Can be implemented in a standard-transparent manner.

· Accuracy of standardized MU-CQI is questionable due to the CQI mismatch between actual PDSCH transmission and the pre-defined CQI hypotheses. In addition, standardization effort of MU-CQI is non-trivial, which can be further exacerbated by double-codebook or rank-2 MU-CQI. 

· Enhanced codebook
· Rel.11 4Tx codebook was already designed to offer competitive performance for SU-MIMO while keeping MU-MIMO in mind.
· Rel.11 4Tx codebook was designed with both large and small antenna spacing, both ULA and XPD antenna configurations in mind.
· Double-codebook with 
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 structure is inherently tailored toward a correlated block-diagonalized XPD antenna configuration hypothesis and not optimized for uncorrelated channel with large antenna spacing.
· If an enhanced 4Tx codebook is deemed necessary, the enhancement may be achieved by augmenting the existing Rel.11 codebook with new component following the two-stage structure.
Conclusions and Proposals:

· Study standard-transparent CSI enhancements relying on existing Rel.11 mechanism. 

· Assessment on advantages of standardized CSI enhancement schemes should utilize a baseline which incorporates such standard-transparent solutions.
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