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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 some potential enhancements in presumably new scenarios. Our overall view is given in [2]. In this contribution, we discuss some particular issues and potential enhancements related to the single-cell with geographically-separated antennas (RRHs) – labeled as scenario D in [2]. The following topics are discussed in the next section:
1. Configuration and characteristics of single-cell with RRHs
2. DL MIMO mechanism for single-cell with RRHs
3. CSI-RS configuration
4. Potential Rel.11 spec support: CSI-RS configuration, DL control channel enhancement, CSI feedback enhancement, others

It should also be noted that this scenario is the same as scenario 4 in the COMP study item. As the work progresses, it seems more practical to focus on only one study item for this scenario to avoid unnecessary overlap and confusion. 
2. Discussion 
Before we proceed, it is useful to first identify and summarize the characteristics of single-cell deployment with RRHs. We then continue with the other topics as outlined in Section 1.

2.1. Configuration and characteristics
In principle, there are a number of possibilities in how RRHs are deployed within a single cell. Some possibilities include (see Figure 1):
1. Each RRH unit is a single-polarized (dipole) antenna element

2. Each RRH unit is a dual-polarized antenna element

3. Each RRH unit is a small (e.g. 2-element) antenna array where each element is either single- or dual-polarized
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Figure 1 Different RRH scenarios. We assume 6 RRH units per cell. (a) one single-polarized antenna per unit (b) one dual-polarized antenna per unit (c) two single-polarized antennas per unit 
Here, an RRH unit refers to a geographically-separated unit which may be composed of a single or multiple antenna elements and/or RF unit(s). For DL MIMO study item, some discussion on which configurations are applicable is beneficial. As apparent later on, different configurations may impose different design constraints. 
In principle, the use of multiple RRHs within a single cell can be thought as a distributed MIMO system where different RRH units undergo different delays from/to a given UE. Furthermore, significant gain imbalance relative to the UE exists across different RRH units. It is also expected that the associated spatial channels tend to be almost uncorrelated across different RRH units. Such characteristics impose some design constraints if some potential enhancements are to be included solely for this scenario. 
2.2. DL MIMO mechanism

Due to the characteristics mentioned in Section 2.1, a single-cell with multiple RRHs can be operated as follows. For a given UE, the eNB chooses a subset of all the available RRH units. This solution is technically sound from capacity perspective and is analogous to the water-filling principle. While a subset may contain all the available RRHs within the cell, it seems unnecessary especially when the cell is sufficiently large and coverage improvement takes more precedence over capacity improvement. Consequently, such RRH subset (a subset of all the available RRH units) is UE-specific.

Having established that the RRH subset configuration is UE-specific, the next logical question is whether the RRH subset selection should be semi-static or dynamic. The trade-off can be described as follows:
· Dynamic is expected to be better but costly in terms of signalling requirements. For instance, a new DL grant mechanism which signals the RRH subset is needed. Dynamic also allows the possibility for the UE to recommend the RRH subset – this leads to a new CSI feedback mechanism as well. Furthermore, the UE needs to perform measurements on all the available RRHs. 
· Semi-static is simpler. In this case, Rel.8 mechanism which indicates the number of antenna ports (which is a broadcast parameter for Rel.8) can be used – except that this needs to be UE-specific. To signal the RRH subset, some additional RRC-signalling capability is needed. 

a. Alt1-1: The UE may not need to know which RRH subset is used – especially if the CSI-RS is UE-specific (discussed later in Section 2.3). That is, the RRH subset is transparent to all the UEs.  

b. Alt1-2: Alternatively, all the UEs may know all the RRHs and hence the UE needs to know the RRH subset. Then the RRH subset is RRC-signalled. This may lead to some further complication. 
Hence, Alt1-1 seems to be preferred.

· Combination between dynamic and semi-static signalling. The semi-static signalling configures a “semi-static” subset of RRHs via higher-layer (RRC) signalling. Then, dynamic signalling is used to select a smaller subset from the semi-static subset by using, for instance, a DL grant mechanism.
Since the RRH units are well distributed across the cell, it is expected that semi-static signaling of the RRH subset is sufficient in most scenarios encountered in practice. This is especially true when the cell is sufficiently large and/or the UE moves at a reasonable speed. An exception to this would be the high-speed train scenario where RRHs are deployed along a subway tunnel to provide reasonable coverage for a UE inside the subway. In this case, the UE moves at a very high speed (~350 kmph) and the RRH subset may change rapidly. 
2.3. CSI-RS configuration

Since RRH subset is UE-specific, it is natural to expect that CSI-RS configuration needs to be UE-specific as well. At the same time, UE-specific CSI-RS configuration is already supported in Rel.10. That is, the number of antenna ports, CSI-RS pattern, muting pattern (if muting is configured) can be made UE-specific. The Rel.10 UE-specific CSI-RS support seems sufficient especially for Alt1-1 in Section 2.2. If Alt1-2 is used, the RRH subset (which corresponds to the subset of all the available CSI-RS ports) can be mapped directly onto the RRH units. 
2.4. Potential Rel.11 spec support
In addition to the need for supporting a UE-specific configuration for the RRH subset, one may perceive some other additional features specifically targeting such scenario. 
As mentioned in Section 2.1, different RRH units undergo different delay to/from a given UE. Consequently, the total delay spread across all the RRH subsets increases. One may ask whether another subframe format with a longer CP (than the extended CP) is needed. Note, however, that the most common RRH subset configuration will not consist of all the RRH units and the normal CP is designed with the TU (“typical” urban) channel in mind which is significantly worse than practical channels. Hence another longer CP is not needed. In the worst case, the extended CP (which was initially intended to support MBSFN transmission) can still be used. Note, however, that in Rel.10, the extended CP supports only up to rank-2 transmission. Whether this shall remain the mode of operation for the extended CP or not (i.e. the restriction of rank-2 transmission should be removed or relaxed) should be further discussed depending on the application. It is expected that coverage improvement is the main goal in deployments with larger cells and/or sparser RRH density (which leads to larger delay spread). Hence, it may be the case that the maximum rank of 2 is still sufficient.

Another potential issue is the increase in frequency selectivity due to the longer delay spread. This may trigger the need for smaller CSI feedback subband sizes – at the expense of feedback overhead. This issue can perhaps be further studied. 
Related to CSI feedback enhancements, another enhancement opportunity comes for precoding. For instance, it was stipulated that a large number of RRH units (significantly larger than 8) can be used within one macro-cell. Furthermore, significant gain imbalance across RRHs is present which may imply that non-constant-modulus codebook could be beneficial. Hence, this may give rise to the need for some new precoding feedback codebooks.  For this matter, the following should be noted: 
· For most foreseeable applications, it is difficult to see why a subset of >8 RRHs is needed from coverage and capacity perspective. Considering the above, a maximum subset size of 8 should be large enough which is already well-supported in Rel.10.
· Having resolved the maximum size, the subset sizes should also be considered. 
a. For subset size of 1, 2, 4, and 8, Rel.8/9/10 codebooks can be reused. 
b. If other subset size is considered (e.g. 3, 5, 6, 7), we need to define new codebooks for those sizes. But it is unclear if we need such subset sizes. For this matter, we refer back to Section 2.1 where we propose to further discuss the applicable RRH configurations. This should help us decide if other subset sizes are needed. 
· While some gain imbalance may present, large gain imbalance can always be avoided via the RRH subset selection mechanism. Such gain imbalance is typically a long-term phenomena and hence can be well-compensated using a semi-static subset selection. Besides, it is unclear if allowing such large imbalance across the selected RRH units indeed offers significant performance gain in typical scenarios/configurations. Hence, the justification for non-constant-modulus codebooks is rather weak. 
Based on the above discussion, it seems that some codebook enhancement is needed only when RRH subset sizes other than 1, 2, 4, or 8 are needed. In this case, new codebook(s) need to be defined for the new RRH subset sizes (which correspond to the new number of CSI-RS antenna ports). 
Finally, enhancements on DL control signalling were also proposed in [1]. While there are other possible enhancements in terms of new DCI formats to support DL MIMO operation, a notable scheme is the use of DM-RS (UE-specific RS) for PDCCH. Note that Rel.10 supports such PDCCH design for the relaying operation. That is, there are two R-PDCCH formats:  
1. cross-interleaved R-PDCCH: which is Rel.8 design. UE-RS are not mapped onto PRB pairs used for transmission of R-PDCCH, 

2. non-cross-interleaved R-PDCCH: where UE-RS can be used, assume fixed UE-RS overhead [based on codebookSubsetRestriction-r10 parameter] in the first slot while decoding DL assignment, regardless of the actual (dynamic) rank of the data transmission. 

Although the use of UE-specific RS for R-PDCCH is already supported in Rel.10, its extension for non-relaying operation needs to be further studied. At this point, it is unclear if such feature is beneficial in terms of PDCCH coverage. 
3. Conclusion

In this contribution, a number of issues related to the scenario of geographically-separated antenna ports are discussed (termed scenario D in [2]). To further proceed on this issue during the study item phase, our current view/recommendation can be summarized as follows:
· It is beneficial to first discuss the different RRH configurations that are applicable in practice (e.g. one RRH unit consisting of a single or multiple antenna elements). Different configurations impose different design constraints.
· For a given UE, the eNB chooses a subset of all the available RRH units. Consequently, such RRH subset (a subset of all the available RRH units) is UE-specific. 
· Using a semi-static configuration (via RRC signalling) is preferred considering the trade-off between flexibility and complexity. One notable exception to this would be the high-speed train scenario.
· The Rel.10 UE-specific CSI-RS configuration can be readily used to support this scenario.
· To anticipate the increased delay spread due to multiple RRHs, the Rel.8 extended CP can be used in the worst-case scenario. At the same time, the need for smaller subband sizes for CSI feedback can be studied.
· Regarding the maximum transmission rank for the extended CP, whether to keep it to 2 or to increase it can be further discussed depending on the typical applications. 

· There is no need to define new codebooks since sufficiently diverse subset sizes {1, 2, 4, 8} are supported in Rel.8/9/10. 

· The justification for non-constant-modulus codebook due to the presence of gain imbalance is weak since RRH subset selection is possible. 

· Extending the use of non-cross-interleaved R-PDCCH for Rel.11 DL MIMO needs to be thoroughly studied considering that the superiority of such approach over the Rel.8 cross-interleaved PDCCH is unclear within this context. 
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