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1. Introduction

In RAN#51, the DL MIMO enhancement study item was approved. A heterogeneous network scenario is defined for DL MIMO study as scenario B [1] in which the coordination among TPs are not precluded. Considering the possibility that UE can use single cell measurement and feedback mechanism for CoMP, the aggregated feedback is regarded to be a general solution for both CoMP WI and DL MIMO SI. In RAN1 #66bis, the discussion on CSI feedback schemes for CoMP/DL MIMO has been initialized, and the conclusion whether to support aggregated feedback in Rel. 11 is expected to be achieved in the meeting. 
In this contribution, the benefits and problems of aggregated CSI feedback scheme for TP cooperation are reviewed. Some possible solutions for the each problem are proposed and the CSI-RS configurations to support the aggregated feedback are discussed.
2. Benefit of aggregated feedback
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Fig.1 System model of Joint Transmission

In Joint Transmission of CoMP, the data for target UE is simultaneously transmitted from multiple TPs [2]. Based on a simple JT CoMP model shown in fig. 1, the received signal at the UE side can be described as (1) in a per-point manner:
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In (1) 
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 is the received signal vector, 
[image: image4.wmf]x

 defines the signal symbol transmitted from network side. 
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 are the channel matrices TP1 and TP2 to the receiver, respectively. The 
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 is the inter-cooperating-set interference, which is the main cause of performance degradation of LTE, and n is the Gaussian noise. In a per-point CSI feedback operation, the precoding vector 
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 will be independently selected based on 
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from the same codebook, with a inter-point phase offset factor 
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 multiplied to 
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, assuming TP2 is the assistant TP. 

At the same time, in an aggregated expression of 
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 as shown in (2), the independent precoding matrix for each TP can be unified into the same precoding matrix 
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, and such a unified matrix can be searched from a codebook designed for larger number of Tx antennas.
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Generally the codebook for higher number of Tx antennas are carefully designed with smaller beam-direction quantization granularity. For example, if all the TPs and UE in fig. 1 are equipped with 2 antennas, 
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 are searched from Rel.8 2 Tx codebook while 
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 is searched from Rel.8 4 Tx codebook. Assuming the same feedback overhead budget, i.e. the phase offset factor 
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 is not available in (1), it is impossible for the per-point feedback to correctly reflect the phase difference between the 2 TPs. And with the same 4 PMI bits overhead, the 4 Tx codebook may find a better quantized beam direction of the virtual antenna array formed by geographically distributed antennas. Therefore we expect the performance gain can be achieved by utilizing aggregated feedback scheme for CoMP.
Besides the granularity benefit, the aggregated JT CoMP may also improve the rank of the transmission, especially for some scenarios where the rank of the transmission is limited by the number of single TPs’ antennas. For example, if in fig.1 both TPs are equipped with 2 antennas while the Rx antenna number at UE side is 4, it’s possible for the UE to report RI = 3 or 4 using aggregated CoMP, while at most 2 layers can be reported in the per-point feedback manner. As in Rel. 10 up to 8 layer transmission is supported, it can be more common that UEs are equipped with large number of antennas. Therefore the aggregated feedback can be favorable to further exploit the system capacity in the future.
Observation 1: The aggregated feedback can improve the beam-direction quantization granularity under same overhead budget.
Observation 2: The aggregated feedback improves the transmission rank in some special scenarios.
Proposal 1: The aggregated feedback has the potential to further improve system throughput and should be considered for further study of CoMP.
3. Enhancement for aggregated feedback

3.1. Transmission power adjustment at TPs
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Figure 2(a). Localized scenario                      Figure 2(b). Distributed scenario

One of the problems for aggregated feedback is the imbalanced received power among distributed antennas. In current specification, both the 4 Tx and 8 Tx codebook are designed for localized antennas. As shown in fig. 2(a), the signals among different antenna ports experience the same large scale fading during the transmission. However, in distributed antenna scenarios, signals corresponding to different antenna ports are transmitted from different sites, so the large scale fading situation can be totally different, which causes obvious power difference. As in fig. 2(b), the signals coming from port 15-16 is much stronger than those from port 17-18. Current codebook with constant modulus assumes uniform power allocation to each antenna ports, thus can’t handle the situation well.
To deal with the problem, the power adjusting factor can be added to the elements of existing power constant codebook. The antennas on TP with largest path loss work with full power, while the other TPs’ Tx power is reduced according to uplink measurement results as in [3], or through reported RSRP. In scenario4, the RSRP should be measured through CSI-RS considering that the single cell-ID makes the CRS indistinguishable for different TPs. In the example shown in fig. 2(b) (the antenna-to-port mapping may be different in practical scenario), for each precoding matrix in the 4Tx codebook 
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, a power decreasing factor 
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 corresponding to the power difference among TP1 and TP2, will be multiplied to the first 2 vectors. So the precoding matrices in the new codebook is 
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. As the factor 
[image: image25.wmf]a

 is available at both network and UE sides (maybe mismatch if eNodeB generates 
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 through uplink measurement), this method doesn’t increase any feedback overhead at all. This method should be kept for further study.
Proposal 2: The proposed precoding method using power adjustment factor should be considered to enhance the constant modulus codebook.
3.2. Enhancement to support different number of antennas
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Figure 3. Configuration problem caused by the number of antennas
The current codebooks in LTE-A are defined only to support 2 Tx, 4 Tx and 8 Tx antennas MIMO transmission. Therefore in some special cases where the total number of antennas in the measurement set has no specification support (see fig. 3 UE1), the new CSI-RS configuration schemes and codebooks may be required for aggregated CSI calculation. Moreover, the more than 8 antennas in the cooperating set should be considered, otherwise the benefit of CoMP may decrease under special scenarios, like UE2 in fig. 3.
For the case with less than 8 antennas configured in the measurement set, a simple method is to reuse the 8Tx codebook for CSI feedback [4]. Take UE1 in fig. 3 as example, the concatenated channel matrix for PMI searching can be denoted as 
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. Here a virtual 8 Tx transmission is assumed with 0s filled for the elements corresponding to the non-existing antennas. By this operation at the UE side the 8 Tx codebook is directly applicable, with some magnitude adjustment to ensure the full power transmission. The essence of such a method is the truncation of the existing codebook. And since the codebook is not optimized for subset of antennas, the performance of this method needs further study. 
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Figure 4. SFN solution to support different number of Tx antennas

Another solution of the problem is to map different physical antennas to the same CSI-RS port. Therefore the UE-detected channel is the combination of the channels from related antennas. Such a partial SFN solution [5] can also support more than 8 antennas cooperation like UE2 in fig. 3. The mapping criterions in both fig. 4(a) and 4(b) are possible, and the performance needs further study.
Proposal 3: Reuse existing codebooks for different number of antennas. The SFN method should be considered in further study.
4. TP Shared CSI-RS Configuration vs. TP Specific CSI-RS Configuration
The aggregated feedback can be implied to the UE through TP shared CSI-RS configuration at the network side. Since antennas from different TPs are mapped into the same CSI-RS configuration, the UE can implement the channel estimation as in single-cell mode regardless the source of the signal. The aggregated feedback can also be supported with TP specific CSI-RS configurations. UE generates the channel matrices corresponding to each TP, combines them to generate a full channel matrix in a signaled or pre-defined way, and performs the PMI searching based on the new channel matrix. The comparison of these 2 schemes is shown in fig. 5.
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Fig. 5-(a). TP shared CSI-RS configuration         Fig. 5-(b). TP specific CSI-RS configuration
The advantage of TP shared CSI-RS configuration is that it makes the CoMP transmission kind of transparent to the target UE. The mapping from different TPs to CSI-RS ports is totally determined by the network, so the CoMP transmission can be implied to the UE without additional signaling. UE can reuse the Rel. 10 CSI-RS based channel estimation method for CoMP. The problem is that since the TPs are mapped into the same CSI-RS resource, it is difficult for UE to distinguish the TPs involved in the transmission. Therefore some operations corresponding to the TP-level are not applicable, such as CSI-RS based RSRP measurement, power offset calculation for codebook, etc.
In Rel.11 it’s agreed that the UE should be able to perform measurement on multiple CSI-RS configurations. This TP specific CSI-RS configuration scheme can simultaneously support per-point feedback and aggregated feedback. Each TP is mapped to an independent CSI-RS resource, determined by the network side. For TP specific CSI-RS configuration scheme,
· UE can perform the CSI-RS based RSRP measurement to calculate the received signal power difference from different TPs;

· UE has the capability to down-select the TPs in the measurement set for CSI measurement and report;

· eNodeB can support all possible number of antennas in the measurement set.
However, in this scheme, the full channel matrix is generated by UE for aggregated CSI calculation, so the TP-to-ports mapping information has to be shared with the network. Take fig. 5(b) for example, the information may include the down-selection information if UE choose only TP2 and TP3 for CSI measurement. It may also include the SFN information if UE forms the full channel matrix through SFN method and uses 4 Tx codebook for precoding. Moreover, since the antennas can be ULA or CPA or some other kind of arrays, some mapping indications from network or some predefined criterions for TP-to-ports mapping may be needed by UE, to optimize the precoding performance.
Proposal 4: Both TP specific CSI-RS configuration scheme and TP shared CSI-RS configuration scheme should be considered for aggregated CoMP feedback design.
5. Conclusion:

After analysis of possible enhancements and potential problems of aggregated CSI feedback for JT CoMP, we propose:
Proposal 1: The aggregated feedback has the potential to further improve system throughput and should be considered for further study of CoMP.
Proposal 2: The proposed precoding method using power adjustment factor should be considered to enhance the constant modulus codebook.
Proposal 3: Reuse existing codebooks for different number of antennas. The SFN method should be considered in further study.

Proposal 4: Both TP specific CSI-RS configuration scheme and TP shared CSI-RS configuration scheme should be considered for aggregated CoMP feedback design.
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