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1. Introduction
In RAN#51, the DL MIMO enhancement study item [1] was approved.  One of the objectives stated in the SID is to study some potential enhancements in new scenarios:

· 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),

In this contribution, we discuss potential issues and enhancements for the scenario of single-cell with geographically-separated RRHs in the aspects of CRS configuration, CSI-RS configuration, DL MIMO operation, CSI Feedback, Interference measurement and DL control channel.
2. Discussion 

2.1. CRS configuration
For Rel-8/9 UEs, cell-specific reference signals CRS are used for CSI measurement and interference measurement.  Two main CRS configurations [2][3] illustrated in figures 1 and 2 can be considered to support legacy UEs in the scenario of single-cell with RRHs.
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Figure 1:  Option 1 - Only macro sends CRS        Figure 2: Option 2 - CRS for SFN type of TX
Since option 2 provides better coverage and legacy UEs can get combining gain, we can mainly consider this configuration for legacy UE support and CRS related issues in the scenario of single-cell with RRHs..
2.2. CSI-RS configuration
With introduction of CSI-RS, Rel-10 and beyond Rel-10 UEs can measure channel on CSI-RS.  On the contrary to CRS, RRC configuration of CSI-RS can be UE-specific.  This offers flexibility in deployment of single-cell with RRHs in which one can let each transmission point transmit CSI-RS on different CSI-RS resources.
In single-cell with geographically-separated RRHs, CSI-RS information of the nearest TP can be signalled to the UEs so that the UEs can estimate the channel for CSI feedback.  With UE-specific CSI-RS configuration, CSI-RS resource corresponding to a point can only be seen by a UE sufficiently close to that point so that the UE can do CSI measurement associated with that point.  Therefore, different UEs can measure on different CSI-RS resources depending on the location of the UE in the cell as shown in figure 3
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Figure 3 Local CSI-RS
For some other UEs located in between multiple TPs, eNB can consider to send global CSI-RS information to the UE, e.g the 2Tx Macro eNB and 2Tx RRH1 can be together configured as 4 CSI-RS ports for the UE as shown in figure 4. 
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Figure 4 Global CSI-RS
The above configurations can be achieved in Rel-10 by UE-specific CSI-RS configuration.  However, there are certain limitations with this kind of global CSI-RS configuration.  Currently, CSI-RS ports of the multiple TPs can only be defined by single CSI-RS configuration to the UE.  This single CSI-RS configuration doesn’t allow multiple CSI-RS ports to have different transmit power or imposes some restrictions on the CSI-RS pattern e.g. they have to be in the same global CSI pattern.  Also, the number of CSI-RS ports is limited to 1,2,4 or 8 antenna ports.
eNBs can consider to configure SFN type of combining for CSI-RS, i.e. multiple antenna ports of the adjacent TPs can be virtualized into one CSI-RS port.  e.g. When number of antenna ports of global configuration equals to 6 or when it is larger than 8, SFN type CSI-RS configuration can be combined with global CSI-RS configuration.  However, optimal antenna virtualization can be different for different UEs.  There is a tradeoff between having antenna virtualization and having more area splitting gain. If we only fix to one type of antenna virtualization, area splitting gain may be decreased.  If different types of antenna virtualization are supported, additional CSI-RS resources are needed for different combinations.  To support more flexible setup for single-cell with RRHs, multiple CSI-RS configurations for a UE should be considered in Rel-11.
Proposal 1: 
· Enhancement of CSI-RS configuration signaling should be considered to support CSI feedback for multiple TPs..

2.3. DL MIMO Operation and CSI Feedback
In single-cell with geographically-separated RRHs, different UEs are served in the same time-frequency resource by different TPs to achieve area splitting gain.  Some UEs are served by single TP and some other UEs are served by multiple TPs. 
Different CoMP schemes discussed in the CoMP SI can be used e.g joint transmission (including global precoding , local precoding, local precoding with inter-point phase adjustment) , CS/CB, dynamic TP selection, etc. In order to support various CoMP schemes in single-cell with geographically-separated RRHs, multiple point feedback enhancements should be considered on top of flexible CSI-RS configuration. 

Per TP CSI feedback
In the discussion of CoMP in Rel-10 enhanced DL SI, individual per-cell feedback was considered as the baseline.. This feedback mode can flexibly handle different types of transmission schemes such as dynamic RRH selection, CS/CB, and low rank SU- and MU- global JP, etc.
Pros：
· Various DL MIMO operations: CS/CB, Dynamic TP selection, SU- and MU- global JP can be supported in more flexible way.

Cons：

· Per TP CSI feedback may increase feedback overhead 
· JP gain can be reduced if inter-point phase difference is not considered
Per TP CSI feedback with inter-point phase
If additional inter-point phase information is available on top of the per TP CSI feedback, combining gain among TPs can be potentially improved.  In the study phase of Rel-10 enhanced DL, codebook design for inter-point phase for CoMP has been discussed[4][5].  Most discussion was focused on phase information for rank-1 transmission.  How to support rank-2 joint transmission with inter-point phase should be further studied for the single cell with RRH scenario because CoMP UEs may have higher chance to perform rank-2 transmission in this scenario.  For JT with rank>2, global or SFN feedback seems to be sufficient.  Hence we propose to study inter-phase information feedback up to rank 2.

Comparing with per TP CSI feedback without phase information, inter-point phase design can lead to more modification to the standard because it can’t simply reuse current existing feedback framework for CA.  
Pros：
· Various DL MIMO operations are supported.  Joint transmission can potentially perform better with additional inter-point phase information
Cons

· More feedback overhead is needed. 
Single global CSI feedback
In this feedback scheme, a UE reports global information of the channel between the UE and multi-point if the eNB configures a global CSI-RS to the UE. The UE calculates and reports a global CSI feedback according to global CSI-RS ports.  In [6], we show performance comparison of JT with this type of global CSI feedback and non-CoMP system in the distributed RRHs scenario. 
The support of global CSI feedback is limited to certain antenna configurations. e.g. the total number of antennas has to be 2, 4 or 8 provided that codebook exists only for these configurations.  For example, UE can’t do the global CSI feedback for all antennas if we want to do joint transmission of 4Tx macro eNB and 2Tx RRHs without antenna virtualization.  Also, 8Tx codebook with dual PMI feedback structure is mainly designed for correlated channel with closely spaced antennas [7].  The Rel-10 8Tx codebook is hence not suitable for geographically-separated antennas in the distributed RRH scenarios.  Without per-point CSI feedback, it can’t effectively support dynamic RRHs selection.  It is hard for eNB to change the cooperating set dynamically or fall back to single point transmission.
Another potential issue of global CSI feedback is related to power unbalance. If only one of the coordinating TPs adjust the power of data transmission, (e.g , in the case of MU-MIMO, a TP serve more than one UE in the same time-frequence resource while another TP serves only one UE)，it can be difficult for the eNB adjust the MCS based on the reported CQI.,
Pros：
· Standarization impact is small or zero as global CSI feedback for JT based on multiple points is currently supported in Rel-10.

· Global CSI feedback can support SU-MIMO JP well in certain antenna configurations.
· Small feedback overhead 
Cons
· Current Global CSI feedback for JT is limited to certain antenna configurations. 
· CS/CB and MU-JP can’t be supported well under global CSI feedback.
· Dynamic RRH selection is not supported.
Proposal 2：
· Evaluation of different feedback schemes should be performed for different types of DL MIMO operation.
2.4. Interference measurement
In homogeneous network or heterogeneous network with different cell ID, either CRS or CSI-RS can be used for interference measurement at UE.  Although there was no standardized solution on how interference is measured, it was concluded in RAN1#61bis that current RAN1 simulation assumption for interference estimation is to use CRS.  In the scenario of single-cell with geographically-separated RRHs, it can be inaccurate if interference measurement on CRS.  
As described in section 2.1, antenna virtualization can be done in CRS ports for SFN type of transmission of legacy UEs.  Meanwhile, each RRH can locally deliver PDSCH transmission to the Rel-10 UE under its local coverage area as shown in figure 3.  In this case, interference measured from CRS does not include the interference from RRHs with the same cell ID in the entire macro coverage area.  If these Rel-10 UEs only rely on CRS to perform interference measurement, they will have inaccurate interference estimation because they also suffer from the interference from the RRHs with the same cell ID.  
One approach of solving this issue is to mandate UEs to measure interference over CSI-RS in some cases.  With CSI-RS, it can possibly measure interference from different subset of transmission points with the same cell ID.  However, it may be tricky to derive the interference in the case of PDSCH muting corresponding to CSI-RS of coordinating points. 

The other issue needs to be investigated is the density of resources for interference measurement e.g. in the condition of having MBSFN subframes or in the condition of just relying on sparser CSI-RS resources for interference measurement.  It can be observed that in some cases it is beneficial to use CRS for interference measurements while in other cases it is more appropriate to use CSI-RS for interference measurements.  Further investigation is needed to study whether we should impose control on UEs on how to do interference measurement using explicit signaling or some implicit rules.  
Proposal 3: 

· Further study is needed to evaluate the benefits of introducing new standard support for interference estimation.
2.5. Path loss estimation
The current uplink power control scheme aims at compensating the path loss and minimizing interference. The path loss estimation plays an important role to support radio link monitoring and UL power control. The mismatch of the path loss estimate vs. the real channel path loss value may decrease the system performance or result in power waste and more serious interference between points. In scenario 4, CRS from RRHs and macrocell shares the same reference signal sequence and resource positions.  Antenna virtualization can be done for SFN type of combining among different transmission points.  However, it can potentially incur mismatch with the actual path loss experienced by the PDSCH transmission based on CSI-RS.  The accuracy of uplink power control may also be affected.  Further studies should be carried out on path loss estimation.

Proposal 4: 
· Further studies should be carried out on path loss estimation.
2.6. DL control channel
Due to area splitting for PDSCH transmission, the number of users scheduled in the same time-frequency resource is expected to increase significantly.  However, control channels like PDCCH cannot benefit from area splitting because these channels are currently based on CRS which can be SFN type configuration.  This limits the capacity of PDCCH which can be a bottleneck for single-cell with RRHs scenario.  As a result, it is necessary to enhance PDCCH transmission in the Rel-11 standard. More details of PDCCH enhancement can be found in our companion paper [8].

Proposal 5: 
· PDCCH Enhancements should be considered.
3. Conclusion
In this contribution, we discuss the potential issues and corresponding possible enhancements for DL MIMO.  Our proposals are summarized as follows:
1. Enhancement of CSI-RS configuration signaling should be considered to support CSI feedback for multiple TPs.
2. Evaluation of different feedback schemes should be performed for different types of DL MIMO operation.
3. Further study is needed to evaluate the benefits of introducing new standard support for interference estimation.
4. Further studies should be carried out on path loss estimation.
5. Enhancements to PDCCH transmission should be considered 
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