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1. Introduction
The study item on further enhancement on CoMP was approved in the 3GPP RAN#71 meeting [1]. Objectives of the study item are to identify and evaluate performance benefits of enhancements related to CoMP schemes:
· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)

· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
CoMP transmission schemes, including coherent/non-coherent joint transmission, dynamic point selection (DPS), dynamic point blanking (DPB), coordinated scheduling/beamforming (CS/CB) have been studied extensively in Rel-10 and Rel-11. However, standardization of Rel-11 put emphasis on DPS/DPB schemes. Joint transmission schemes are not well supported. Moreover, FD-MIMO introduced in Rel-13 provides a new dimension for coordinated scheduling/beamforming. This new SI focuses on enhancement to non-coherent joint transmission and CS/CB. In this contribution, possible enhancements to non-coherent joint transmission will be discussed. 
2. Discussion
Enhancement to Rel-11 CoMP

Non-coherent joint transmission has been supported in Rel-11 to a certain degree. Assuming measurement set of a UE consists of two TPs, the UE could be configured with two CSI processes, each of which is associated with an NZP CSI-RS resource transmitted from one TP. CSI-IM shall be configured such that the UE could measure interference generated from TPs out of the measurement set. UE measure and report CSI for the two configured CSI processes. After scheduling, if non-coherent joint transmission is chosen by eNodeB, symbols of the same layer are copied to and transmitted simultaneously (same time and frequency resource) from each TP. Due to transparency of DMRS design, the two TPs can map the symbols onto the same DMRS port (e.g., port 7 as shown in Figure 1), and the UE can receive the symbols from port 7 without knowing if they are transmitted from multiple TPs.
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Figure 1: Non-coherent joint transmission from two TPs
Despite the fact that non-coherent joint transmission can be supported, there are still some limitations we should consider:
· As CQI for each CSI process is reported assuming single point transmission, post-schedule CQI for non-coherent joint transmission shall be derived from the reported CQIs. Accuracy of prediction algorithm affects performance of the transmission. For single layer transmission, simple prediction algorithm could achieve acceptable accuracy. But for higher layer transmission, predicted CQI may deviate largely from the actual CQI, degrading system performance.
· Another problem with non-coherent joint transmission is the QCL assumption. For QCL behavior type B, DMRS is QCL with an NZP CSI-RS indicated by PQI bits in DCI format 2D. As DMRS is transmitted from two TPs, it is difficult to decide which NZP CSI-RS the DMRS is QCL with. If the TPs are well synchronized and propagation path from the multiple TPs to the UE are approximately the same, indicating either NZP CSI-RS could work. Otherwise, it is difficult to deal with QCL assumption.

· If the TPs belong to cells with different physical layer cell ID, rate matching around CRS becomes a problem as PQI can only indicate one TP’s CRS for rate matching. The other TP shall puncture data on its CRS RE potentially leading to decoding error. Planning cell ID such that CRS of these TPs have identical frequency shift can solve the problem of rate matching, but it introduces interference between CRS. Confining transmission in MBSFN subframe could avoid the problem, but it reduces the opportunities of non-coherent joint transmission.
As a summary, following potential enhancements to non-coherent joint transmission shall be studied:

1. CSI feedback enhancement: UE reports CQI under the assumption of non-coherent joint transmission to improve accuracy of link adaptation. This can be achieved by extending the definition of CSI process. E.g., each CSI process is associated with multiple NZP CSI-RS resources and UE reports CQI/PMI/RI assuming transmission from multiple TPs.
2. QCL enhancement: QCL behavior under non-coherent joint transmission shall be carefully studied.
3. Rate matching: Mechanism to ensure correct rate matching around CRS if TPs participating in joint transmission belong to different cells shall be studied, e.g., extending PQI bits in DCI format 2D so that more than one CRS can be indicated for rate matching.

Extending transmission layers:

Under the framework of Rel-11 CoMP, number of layers of data transmission is limited by the number of layers supported by each individual TP. That is, if each TP can only support single layer transmission due to highly-correlated antennas, joint transmission can only support single layer transmission. However, as TPs are generally geographically separated, the channels between them tend to have low correlation, implying that higher rank transmission by joint transmission is possible. 
One possible approach is to allow UE report CSI based on aggregated CSI-RS resources. To be specific, if number of CSI-RS port of each NZP CSI-RS resource is N1 and N2 respectively, UE is then configured with an NZP CSI-RS resource of N1+N2 ports. UE calculates CSI based on the aggregated N1+N2 port CSI-RS resource. With such aggregated feedback, at most N1+N2 layers transmission is possible. An example CSI-RS configuration is shown in Figure 2. Each TP has two CSI-RS ports, and the aggregated CSI-RS resource has 4 ports. Based on the aggregated feedback, at most 4 layers transmission, instead of 2 layers, can be supported. 
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Figure 2: UE calculates CSI based on aggregated CSI-RS
One difficulty with aggregated feedback is codebook design. Considering possible combinations of TP number and antenna number of each TP, codebooks targeting various antenna numbers shall be designed. This leads to tremendous specification work. In addition, power imbalance and synchronization error shall also be considered during the design. 
Another possible approach to extend transmission layer is to allow multiple layers transmitted from different set of TPs. An example can be seen in Figure 3. Two layers are transmitted from TP1 and TP2 on port 7 and port 8, respectively. This can also be supported to some certain extent with current specification. UE is configured with two CSI processes, and reports CSI according to the configuration of the CSI processes. Assume UE reports RI=1 for both CSI processes. For data transmission, two TPs can simultaneously transmit two independent data layers to UE, one on port 7 and the other on port 8. If the two layers are considered as one PDSCH transmission, then with current specification, the two DMRS ports are assumed to be QCL. Therefore, QCL behavior shall be redefined to support such transmission. Another concern is link adaptation. CQI calculation of one CSI process assumes the other TP generates no interference or unknown interference depending on the configuration of CSI-IM. However, the UE could actually jointly decode the two layers using MMSE-IRC receiver or even more advanced receiver. The reported CQI may not correctly reflect the actual link quality of the transmission. Enhancement to CQI reporting correctly dealing with interference from the other TP is needed.
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Figure 3: Multiple layers transmitted from different TPs
Proposal:

· Enhancements on CSI feedback, QCL behavior, and rate matching shall be studied to support non-coherent joint transmission.

3. Conclusions
In this paper, non-coherent joint transmission was discussed and potential enhancements to better support non-coherent joint transmission were identified. The following proposal is given:
Proposal:

· Enhancements on CSI feedback, QCL behavior, and rate matching shall be studied to support non-coherent joint transmission.
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