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1. Introduction
One objective mentioned in the approved study item proposal on the Rel.11 DL MIMO [1] is to study the following potential enhancements:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.
In this contribution, we present our current view on the above objective. 
2. Discussion 
Since the above objective is written in a somewhat cryptic and convoluted fashion, it is perhaps helpful to first identify the different scenarios that are subject to potential enhancements:

· Scenario A: Low-power nodes (in the context of homogeneous networks, e.g. indoor models)

· Scenario B: Non-uniform (heterogeneous) network 
· Scenario C: Relay backhaul

· Scenario D: Geographically-separated antennas (single-cell with low-power RRHs)
It is understood that the above four scenarios do not significantly overlap with the main scenarios considered in the Rel.10 timeframe (e.g. higher-power nodes in homogeneous networks). Hence, it was proposed to study whether the Rel.10 mechanisms are sufficient for such new scenarios. Otherwise, the study would simply be a repetition of Rel.10 works (i.e. revisiting Rel.10 decisions). 
Furthermore, it is also helpful to identify the types of enhancement proposed in [1]:
· CSI feedback enhancements: CSI “accuracy” enhancements, new codebooks
· Downlink control signaling
We first discuss the different scenarios below, followed by the types of enhancements. 

For scenario A, an ITU indoor model was perhaps an example of a scenario studied in the Rel.10 timeframe. It was used during the ITU-R evaluation although it was not frequently used during the last stage of the DL MIMO work item. Compared to the classical homogeneous macro-cell model, the scattering is considered richer in this scenario. Spatial correlation tends to be smaller due to larger angular spread. In this case, the Rel.8/9/10 DL MIMO solutions are design to address low spatial correlation as well. Hence, the current DL MIMO solution is expected to perform well for scenario A. Another differentiation of scenario A is the departure from the symmetrical hexagonal cell model. For instance, a 2-apartment model is used in the ITU-R model. Some other more complex models with multiple floors may be considered. Hence, inter-cell interference condition will be different. While DL MIMO schemes such as precoding can be used for mitigating severe inter-cell interference, this seems to be the task for eICIC and COMP study items rather than that for DL MIMO. In fact, Rel-10 eICIC already addresses harsh interference scenarios through coordinated backhaul scheduling based on TDM resource partitioning. 

Scenario B has not been studied in conjunction with DL MIMO for Rel.10. In addition to the use of lower-power nodes (overlaid on top of macro-cells), inter-cell interference characteristics differ significantly from the typical homogeneous networks. However, this seems to be the task for eICIC and COMP study items rather than that for DL MIMO as also observed for scenario A. Again, it should be noted that Rel-10 eICIC includes a feature to address harsh inter-cell interference scenarios through coordinated backhaul scheduling. 

Scenario C deals with the link from the eNodeB to the relay node (RN). Compared to the typical eNodeB-to-UE model, it is expected that the spatial channel contains a strong line-of-sight (LOS) component which makes the spatial correlation high. To some extent, this motivates the support of only up to rank-4 data transmission in Rel.10. Supporting higher transmission ranks (>4) for relay backhaul does not seem necessary. With respect to possible enhancements for relay backhaul, it should be noted that the Rel.8/9/10 DL MIMO solutions also cater for high spatial correlation. For instance, a sufficient number of oversampled DFT beams are supported in 2/4/8Tx codebook designs. While some additional optimization for spatial channels with strong LOS components is possible, the additional advantage is expected to be marginal compared to the additional complexity (specification, testing, etc.) incurred in supporting the associated additional features.  
Scenario D is the same as scenario 4 in the COMP study item. This model has not been studied thoroughly in the past despite its application in the existing networks. This scenario has several distinct features. Since different RRHs are sufficiently separated geographically, the spatial channels from different RRHs to a given UE tend to be less correlated and undergo different pathloss as well as shadowing. In addition, the associated propagation delays vary as well. Hence, such scenario should be investigated more thoroughly and may imply the need for some additional features. A detailed discussion for scenario D is given in a companion contribution [2]. 
Finally, it should be noted that most of the identified new scenarios for DL MIMO study item seem to overlap significantly with those for COMP study item. At the same time, however, the partitioning of work (in terms of studying potential enhancements) between COMP and DL MIMO study items may still be unclear within the context of such scenarios. This issue does not seem to be resolved yet in RAN1 and was a discussion topic during the offline conception of the study item proposal. It is given that the study for DL MIMO enhancements should be clearly differentiated from the enhancement components proposed for COMP. Due to the inherent overlap in scenario definition, this may indeed pose some potential issues in the future as the two study items progress. As discussed above, some scenarios such as A and B have more affinity with COMP (or eICIC) since their main differentiation over the classical homogeneous macro-cellular model is on the inter-cell interference profile. 
One possible approach for differentiating COMP from DL MIMO study item is to deemphasize some scenarios identified from the study item proposal [2] (at least scenarios A and B) in the DL MIMO study item. This especially makes sense when potential enhancements are considered which is consistent with the observation from the previous paragraphs. In addition to minimizing the overlap between the two study items, it also keeps the RAN1 workload more manageable and focused considering that we will end up with at least 6 work/study items by the end of 2011. Furthermore, it is then proper to use the Rel-10 eICIC as baseline for considering any potential DL MIMO enhancements (and COMP for that matter) – at least for scenarios A and B.
In regard of scenario D – which is identical to scenario 4 in COMP study item – special care needs to be taken in terms of separating the work partitioning between COMP and DL MIMO study items. As the work progresses, it seems more practical to focus on only one study item for this scenario to avoid unnecessary overlap and confusion. For instance, one may argue that it makes more sense to use DL MIMO study item as a medium for studying potential enhancements related to scenario D.

Next, we discuss the potential enhancement in DL MIMO study item. The enhancements mentioned in the study item proposal are CSI feedback and DL control signalling enhancements. 
It should first be noted that CSI feedback enhancement can be within the scope of the COMP study item as well. As mentioned above, scenarios A and B are more related to COMP/eICIC since they mainly impose different inter-cell interference profiles. Hence, any potential enhancement on CSI feedback should be within the scope of COMP study item. For scenario C, potential CSI feedback enhancement – if any – may fall within the scope of DL MIMO study item as long as a Rel.11 relay study item does not take place. Any potential CSI feedback enhancement for scenario D – if any – is perhaps unique and may be considered within the scope of DL MIMO study item. 
Having slightly narrowed down the scope of the CSI feedback enhancement study, it should also be noted that the adoption of particular proposal for CSI feedback enhancement ought to be weighed in terms of the set of benefits it brings against its additional complexity (specification, testing, etc.). For instance, if a particular proposal only brings some notable gain in an isolated scenario (e.g. a sub-scenario within scenario C or D), it may be hard to justify its adoption. That is, emphasizing, e.g. scenario C and D, for DL MIMO study item does not mean that the performance advantage in those scenarios should be the only criteria for adoption. This of course has been a convention used in RAN1 for decision making. 
The same can perhaps be said for the proposed enhancement in DL control signalling. 
Based on the above observation, the following recommendation is made in regard of the different scenarios identified in the DL MIMO study item proposal:

· The need for DL MIMO enhancements in scenarios A, B, and C is unclear. For scenario D which is identical to the fourth scenario in COMP study item, however, some further study seems to be well-motivated. 

· If RAN1 still decides to study enhancements in the context of scenarios A, B, and C, proper models and simulation assumptions need to be agreed. It is of course desirable to draw as much as possible from the models from COMP study item whenever it makes sense to do so. 

· To ensure good differentiation between COMP and DL MIMO study items as well as their reasonable scopes, some scenarios identified from the study item proposal [2] (at least A and B) should receive less attention in the DL MIMO study item especially when potential enhancements are considered. This does not imply that the performance advantage in the other scenarios should be the only criteria for justifying a particular CSI feedback enhancement scheme.
3. Conclusion

In this contribution, we presented our view on the scenarios and some types of enhancement proposed in the DL MIMO study item [2]. The following recommendation is made:
· The need for DL MIMO enhancements in scenarios A (low-power nodes, homogeneous), B (heterogeneous), and C (relay backhaul) is unclear. For scenario D (low power RRHs), however, some further study seems to be well-motivated. 

· If RAN1 still decides to study enhancements in the context of scenarios A, B, and C, proper models and simulation assumptions need to be agreed. It is of course desirable to draw as much as possible from the models from COMP study item whenever it makes sense to do so. 

· To ensure good differentiation between COMP and DL MIMO study items as well as their reasonable scopes, some scenarios identified from the study item proposal [2] (at least A and B) should receive less attention in the DL MIMO study item especially when potential enhancements are considered. This does not imply that the performance advantage in the other scenarios should be the only criteria for justifying a particular CSI feedback enhancement scheme.
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