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1. Introduction 

LTE Rel-11 DL CoMP SI has finished in the last RAN1 66 meeting, which concluded that CoMP transmission could bring benefits over single cell transmission in both homogeneous network (scenarios #1 and #2)  and heterogeneous networks (scenarios #3 and #4) [1]. At RAN#53 meeting, a WID for CoMP was approved for Rel-11 [2].  To introduce CoMP techniques, two major aspects will be studied and standardized, one is the transmission scheme and the other is feedback scheme. On the other side, DL MIMO SI, which was approved in RAN#51 meeting, will continue in Rel-11 timeframe till the end of this year. In this SI, one important item is the enhancement of feedback to improve the MU-MIMO transmission.  To reduce the impact to the system, especially to the UE, and yet to support both CoMP and enhanced MIMO transmission, it is believed that channel state information (CSI) feedback could be considered together for both CoMP and MIMO. 
In [4], views on some feedback design aspects were provided. In this contribution, some thoughts on CSI feedback to support DL CoMP and MIMO are further discussed. 
2. CSI feedback to support CoMP and MIMO scenarios 
2.1.1. CoMP and MIMO scenarios

For CoMP transmission, four CoMP scenarios were studied in CoMP SI [1], which are 
· Scenario 1: Homogeneous network with intra-site CoMP

· Scenario 2: Homogeneous network with high Tx power RRHs

· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell 

· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell 
For DL MIMO, prior to RAN1 66 meeting, some scenarios were identified with higher priority for DL MIMO enhancement, especially on CSI feedback enhancement. Such scenarios include
A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx)
    o Closely or widely spaced

B. Outdoor and/or indoor low-power RRHs, with coordination with the macro

   o High power RRH + low power RRHs  

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

Among these scenarios,  as scenario B requires coordination between macro eNB and high power RRH and low power RRH, it could be considered as a CoMP scenario.  For scenarios A and C, as no coordination is considered among different TP, they could be considered more as single cell MIMO scenarios. 
At this stage, it is not clear there will be any further prioritization in Rel-11 for all these scenarios. Assuming that all these scenarios need to be supported, it is preferred in our view to design a more unified feedback scheme (or with limited variations) to support all these scenarios. That is especially beneficial from the UE perspective, as from the network side, the operators may only choose one or a number of scenarios for their deployment. However, if the feedback schemes for different scenarios vary a lot, it would impose a big burden to the UE complexity, not to say it will introduce lots of efforts in testing these features. 

Proposal:  Strive for a more unified feedback scheme to support all CoMP and MIMO scenarios
2.2. CSI feedback for CoMP

2.2.1. Per-point CSI feedback and Aggregated CSI Feedback 
In TR for CoMP [1], it was agreed that 

For the CoMP schemes that require feedback, individual per-point feedback with or without complementary inter-point feedback is considered as baseline. Aggregated CoMP feedback is not precluded.
For CoMP scenarios 1-4, per-point CSI feedback could be considered as the baseline. For MIMO scenario B, some companies proposed during email reflector discussion that one CSI-RS pattern could be used for CSI feedback without distinguishing between macro eNB and RRH in the same cell. That will lead to the  aggregated feedback, which correspond to a compound MIMO transmission from both macro eNB and all RRH involved. The benefit of such compound MIMO transmission is to avoid the phase feedback and adjustment between different TP as seen in per-TP joint transmission (JT) transmission. However, there also exists some drawbacks for this scheme which include the following 
· Number of antenna ports: The current codebooks are designed for 2, 4, and 8 antenna ports. Hence, if the total number of transmit antennas in a multi-point compound MIMO transmission is 3, 5, 6, 7, or larger than 8, then, aggregated CSI cannot be used or new codebooks need to be defined, which would require more standardization efforts .
· Codebook optimization: Even for 2, 4, and 8 antenna ports, the existing codebooks are optimized considering certain conditions that typically hold in single TP scenario, but not in multi-TP scenarios. For example, the existing codebooks have the constant-modulus property which is based on assuming the same transmit power for all antennas and the same path loss from all antennas to the UE. In another example, the Rel.-10 8-Tx codebook is mainly designed for correlated channel with closely spaced antennas, which is not the case for geographically separated antennas. As a result, as discussed in some previous contributions such as [5]
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[6], new codebooks could be needed for such compound multi-TP transmission. It should be kept in mind though that the combination of different possible power levels of TPs, different number of TPs in a CoMP set, and also different path loss values comprise a variety of scenarios may make it more difficult to be covered by a single codebook.
· Dynamic TP Assignment: A UE may be semi-statically configured with a set of TPs (CoMP set). However, it is desirable that a subset of this CoMP set can be dynamically selected for JT to the UE. For example, in certain subframes, there may be constraints at the eNB scheduler that prevent resources on all TPs to be allocated to the UE. Also, at some time the channel of a TP may not be good enough for that TP to be beneficial for JT. In such a situation, it is better to exclude that TP from the transmission set to reduce interference on other cells. Since global CSI is calculated for a certain set of TPs, known by both the UE and the eNB, it is not suitable for dynamic TP assignment.
Based on these analysis, it therefore needs more careful consideration for aggregated CSI feedback and corresponding compound MIMO transmission.   
On the other side, per-TP CSI feedback meaning that for each TP in the CoMP set a separate set of CSI feedback (e.g. PMI, RI, an CQI) is calculated by the UE and reported to the eNB. It should be noted although individual CSI is reported for each TP, when transmission from multiple TPs occur on the same sub-band, the calculation of CSI may be carried out jointly for all TPs to improve the performance. This approach provides much flexibility for JT operation at the cost of additional feedback overhead. Some of the benefits and flexibilities provided by this approach are discussed below.

· Number of antenna ports: If each TP has 2, 4, or 8 antenna ports, the corresponding PMI can be selected from the existing codebooks. Hence, scenarios that cannot be handled with global CSI, e.g. two RRHs with 4, and 2 antenna ports, respectively, can be dealt with easily.
· Dynamic TP assignment: If for a transmission the eNB scheduler does not have sufficient resources to schedule all TPs in a CoMP set for transmission to a UE, a subset of the TPs may be scheduled and the corresponding PMIs may be used. Also, if a UE determines that due to channel conditions it is more beneficial to exclude a TP from the transmission set, it can signal this to the eNB by using some existing reporting mechanism such as reporting a CQI-0 for that TP.
· Incorporating additional feedback: With per-TP CSI feedback, it is possible to include some additional feedback to improve the performance. The additional feedback could also be on a per-TP basis. One type of possible additional feedback is relative phase between the TPs [7]. Each data layer transmitted on each TP can be adjusted by a relative phase value in an attempt to make replicas of a data layer (transmitted from multiple TPs) to be added coherently at the receiver. The phase feedback can be chosen from a quantized set to limit the feedback overhead. Adding the phase values to the CSI feedback is equivalent to increasing the effective granularity of the codebook and as such can improve the performance.

· Another type of additional feedback is the joint CQI calculated for each codeword. Assuming the eNB and the UE both know the transmission set, the UE can calculate and report a joint  CQI value (for each codeword) based on the reported per-TP PMIs. In case of transmitting the same data layers from all TPs, this joint CQI value can improve the link adaptation performance. In the absence of a joint CQI feedback, the eNB could derive this CQI for each codeword based on the per-TP CQI values.
· TP selection: This is the same as dynamic cell selection (DCS) as defined in [8]. In some scenarios it may be preferable that transmission occurs only from a single TP at each time. The single TP can be selected, based on certain criteria, from a CoMP set. The per-TP CSI feedback is appropriate for this type of TP selection. For example, the TP with the best CQI or highest rank may be selected. If UE knows that it is configured in this transmission mode, it can calculate the CSIs individually for better performance.
In light of the above analysis, the follow proposal could be considered in feedback design for CoMP

Proposal:  Per-point feedback could be considered as baseline, with further study on aggregated feedback.  Significant standardization efforts such as introducing new codebook should be carefully considered. 

2.3. CSI feedback for MIMO
The goal for CSI feedback for MIMO SI is to enhancement single cell transmission especially for MU-MIMO, as that would bring more system throughput gains. Such enhancement study was conducted in Rel-10 timeframe, which include the evaluation of such feedback enhancement schemes such as companion feedback for MU-MIMO, and subband PMI/CQI feedback (a.k.a feedback mode 3-2).  However, due to the limited time, no conclusion could be reached at that time. 
In Rel-11, some new MIMO deployment scenarios (scenarios A and B) were proposed where feedback enhancement should target to, and simulation assumptions were discussed for such scenarios.  It is believed that if some CSI feedback enhancement needs to be introduced for these scenarios, the number of new feedback modes should be limited, for example, with one new feedback mode for PUCCH, and one for PUSCH. 
Proposal:   If new feedback modes needs to be introduced to enhance identified MIMO deployment scenarios, the number of such modes should be limited.
2.4. CSI Feedback Reporting for CoMP and MIMO
If per-point CSI reporting is adopted, the UE needs to feedback CSI reporting of multiple TPs back to eNB. A simple and straightforward way for such feedback is to have UE to feedback multiple CSI reports to the eNB or a single TP. As CSI feedback could be carried on PUCCH or PUSCH, there are several options for reporting CSI feedback for multiple TPs:
· Reporting on PUCCH:  as the capacity of PUCCH is limited, CSI feedback of each TP could be transmitted in a PUCCH in different subframes, namely, the CSI feedback report for each TP could be multiplexed on PUCCH in TDM manner.  Joint coding of some CSI such as rank could be considered for different TP or UE should derive a common rank for all TPs and feedback this single rank to the eNB. A new PDCCH formats to support large payload size could also be considered if the standardization effort is not large. 
· Reporting on PUSCH: as PUSCH has large capacity, it is possible to transmit CSI reports for multiple TPs together on one PUSCH. 
· Reporting on both PUCCH and PUSCH: Some of the CSI components could be reported on PUCCH such as RI, wideband CQI and PMI, while the others could be reported on PUSCH such as sub-band CQI/PMI.
If additional CSI feedback is needed such as joint CQI, it could be multiplexed in TDM manner and reported with per-point CSI reports, or could be reported together with per –point CSI reports on PUSCH. 

If new feedback modes are defined for MIMO enhancement, they could be configured along with other existing feedback modes to support CoMP operation.  
Proposal: CSI reporting for each point could be transmitted in a TDM manner for PUCCH. Joint coding of certain CSI could be considered. 
2.5. CSI-RS configuration for CSI feedback

In LTE Rel-8 to Rel-10, most antenna deployment is localized, namely, all antennas are quite close to each other and transmit from the top of the same tower. In Rel-11, due to the introduction of CoMP and distributed antennas, such assumption may not be the case anymore. For example, a macro eNB and RRH could jointly transmit to a UE in a compound MIMO manner even though they are geographically separated.  To accommodate all these new requirements, it seems that CRS as defined in Rel-8 may not be able to provide a feasible solution for UE to measure the channel and feedback CSI. Instead CSI-RS ports as defined in Rel-10 seems to provide a more flexible solution.  For example, each TP could be associated with a certain number of CSI-RS ports and such CSI-RS ports could be signalled to the UE for it to measure the channel and feedback CSI. In that sense, the UE does not need to know which TP it needs to measure the channel, but simply knows which CSI-RS ports it needs to measure the channel. Such configuration would also provide enough flexibility in different CoMP scenarios. For example, in the situation that macro eNB and RRH transmit together by compound MIMO to the UE, a number of CSI-RS ports could be configured to transmit to UE, some from the macro eNB and some from the RRH. To the UE, it does not need to know which CSI-RS ports are from macro eNB and which are from RRH. 

In a word, it is believed that only the configuration of CSI-RS ports (number of CSI-RS ports and their patterns) a UE needs to measure and feedback CSI needs to be standardized.  The UE does not need to know which TP it needs to feedback CSI for. If per-point feedback is needed, the UE only needs to know a number of groups of CSI-RS ports which it needs to measure the channels and feedback CSI reports respectively. 
Proposal: Only configuration of CSI-RS ports on which UE needs to measure the channel and feedback CSI needs to be standardized.  The UE does not need to know the TP configuration for CoMP 
3. Conclusions

In this contribution, some design aspects regarding feedback to support CoMP and MIMO in Rel-11 are discussed. It is our preference that feedback enhancement to support CoMP and MIMO needs to be studied and designed together so to avoid too much complexity increase especially at the UE side. 
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