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1. Introduction 
Discussion was held in RAN1#66 regarding DL MIMO simulation scenario and assumptions, and three high-priority scenarios were identified. In this contribution we present our views on the potential CSI feedback issues for DL MIMO based on the conclusions in the last meeting. 
2. Discussion
Three identified high-priority scenarios for DL MIMO study are summarized below: 
· Priority 1: Scenarios A and C

· A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx), closely or widely spaced

· C: Outdoor small cell(s) with localized antennas
    o  Cross polarized/Co-polarized (mainly 4Tx)
    o  Uncorrelated (less correlated)
    o  Low mobility

· Priority 2: Scenario B

· Outdoor and/or indoor low-power RRHs, with coordination with the macro   
Regarding the antenna configuration, cross-polarization antenna was prioritized. It should be pointed out that XPOL antenna has been carefully optimized in Rel.10. For example for 8Tx, the block-diagonal structure is built on the XPOL antenna correlation property. For 4Tx, the codebook is designed with priorities on both ULA and XPOL configurations [2]. The first 8 DFT vectors target ULA antenna array beamforming, while the remaining 8 Householder vectors are meticulously chosen to optimize the XPOL performance, with both small and large antenna spacing. Hence, potential CSI enhancement is mostly seen in terms of the cellular topology (e.g. small-cells), not in terms of the antenna polarization.
2.1. Macro cell
Extensive studies regarding CSI feedback have been done in the macro-only scenario in Rel.10 [4–7], particularly targeting MU enhancements. Evaluation was thoroughly performed for both ULA/XPOL antenna configurations, with small/large antenna spacing and different angular spreads. Even with full-buffer traffic which is highly favorable to MU-MIMO, no significant performance gains were found [4-7], and consequently Rel.10 feedback was agreed as is. In our view, the conclusions in Rel.10 are still valid and the same observations are expected for Scenario A. Efforts could be devoted to new deployments that are sufficiently different from the macro homogeneous network. 
2.2. Outdoor small cell with localized antennas

Outdoor small cells with localized antennas are important use cases for high data-rate coverage and offloading from macro-cell. There are two different deployments: 

· Small cell under macro-cell umbrella, sharing the same spectrum. The main performance limitation is the strong interference from macro-layer, and UE is expected to experience a low SNR geometry. In this aspect, it should be noted that the Rel.10 evaluation has also been performed with link-level simulation, in different geometry range [5-6]. The low SNR case is analogous to small-cell deployment with severe macro-layer interference. As such, the performance gain from CSI enhancements is expected to be small based on the Rel.10 conclusions. On the other hand, other advanced interference mitigation schemes (e.g. eICIC, CoMP) are more promising, as clearly shown in the eICIC/CoMP study.
· Small cell without macro-cell umbrella:   In this case, small-cell is a stand-alone hot-spot transmitter with low inter-cell interference. The SNR distribution is expected to be centered in the high SNR region. Again, given Rel.10 observations, it’s unclear if significant gain can be found. 
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Figure 1: Outdoor small cells with localized antennas (Ref. R1-112433)
2.3. Low-power RRH with coordination with the macro

MIMO Scenario B features overlaid macro and low-power distributed RRH. This is similar to CoMP Scenario 4 with the same Cell-ID. As the antenna distribution is highly scattered, it is worthwhile to study CSI enhancement in this new scenario. 
Before any CSI schemes are studied, the CSI-RS configuration needs to be clarified. The following options are possible
· Configuration A: CSI-RS is transmitted from a single point, using one CSI-RS pattern, at a given instance.
· Configuration B: CSI-RS is transmitted from all transmission points, similar to SFN-type of transmission, using a single CSI-RS pattern.
Strictly speaking, CSI-RS configuration is an implementation issue, and it’s up to the eNB to adapt the CSI-RS configuration based the channel condition, e.g. UE location, power imbalance, etc. There are pros and cons related to each of these two options. A reasonable exercise is to choose the most appropriate configuration in a particular discussion context, rather than choosing something sub-optimal and attempting to solve the problems afterwards. 
Configuration A is a simple and straightforward choice. At each time instance, CSI-RS can be transmitted from a single transmission point, and UE measures the per-point CSI correspondingly. Different points may transmit CSI-RS by TDM, exemplified in Fig. 2. From the UE’s perspective, at each time instance there is only one CSI-RS pattern to perform CSI measurement, hence power imbalance is not an issue regardless of the UE’s location. It is up to the eNB to link each CSI report to each transmission point because there is a one-to-one mapping relation. This applies in deployment where distributed RRHs provide extended coverage, e.g. a user is mainly served by the nearest RRH with the strongest signal.  
Pros: 

· Specification impact is minimal.  It is possible to re-use the Rel.10 CSI-RS measurement and feedback framework. 

· Power imbalance does not affect the CSI measurement. 
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Figure 2: TDM multiplexing of CSI-RS pattern.
Configuration B aims to exploit the SFN transmission diversity gain. All transmission points appear as a logical antenna array that cannot be separated from the UE’s perspective. In other words, UE cannot tell if there is low power RRH or not, as in Fig. 3. Consequently, one CSI is reported for the super-imposed channel from both macro and RRH. Similar to Configuration A, power imbalance is not an issue due to the SFN-type transmission. Timing misalignment may be more severe than the macro-only scenario due to the geographic distributed antennas, thus frequency selectivity may be higher. RAN1 should first agree on the timing misalignment model to evaluate the severity of the problem and need of solutions, by reducing the subband size, tightening the RAN4 timing requirement, or leaving it to eNB implementation. 

[image: image4.emf]
Figure 3: 
Aggregated PMI feedback has been proposed where UE reports a single PMI for the aggregated antenna array (e.g., two RRH, each has 2 antennas, one 4Tx PMI report). In our view, this is applicable in a number of isolated scenarios. As the RRH/antenna array size may vary significantly in practice, the aggregated antenna size may take a large number of values and require many new codebook designs. Hence, considering the limited use case of aggregated PMI and its standardization impact, we suggest to focus on per-point feedback in DL MIMO study. 
3. Conclusions

In this contribution we discussed CSI enhancements for the three identified MIMO Scenarios. 
· For Scenario A and C, evaluation in Rel.10 timeframe already provides sufficient insights in the potential gain of CSI enhancements. Compared to CSI enhancements, eICIC and CoMP are more promising solutions to improve the system performance.

· For Scenario B with overlaid macro and RRH, different CSI-RS configurations have their pros and cons. RAN1 should discuss the CSI-RS configurations and the related channel modeling aspects. 
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