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1. Introduction
The study item (SI) description “Further enhancements to Coordinated Multi-Point Operation” was approved [1] in RAN#71. The main objective of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes:
· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by different transmission points in single-user MIMO)
· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In RAN1#85, agreements have been reached on scenarios and simulation assumptions [2][3]. The detailed definition and classification of the Non-coherent JT have also been proposed [4].  Following this progress, our analysis for the non-coherent JT schemes and consideration on potential enhancements for these schemes are elaborated in this contribution. 
2. Discussion on the category of Non-coherent JT 


[bookmark: _Ref458699769]Figure 1 Deployment scenario of Non-coherent JT
As proposed in [4], the typical application scenario shown in Figure 1 is categorized according to two principles. Firstly, three cases are proposed based on the mapping relationship among CWs and TPs: 
Case 1: Different CWs are transmitted from different TPs. Each TP perform adaptive precoding independently
Case 2a: The same CW is transmitted from different TPs with spatial diversity (e.g. SFBC) coding/ spatial multiplexing.
Case 2b: The same CW is transmitted from different TPs with SFN.
Since the same CW is transmitted in both case 2a and 2b, larger and more frequent data sharing among the TPs in coordinating sets is unavoidable comparing with the case 1. The implementation of these two cases is also vulnerable to the backhaul condition. And the benefit of the spatial diversity is also limited in the dense deployed network. However, in case 1 the data transmission on each TPs is more adaptive based on the channel condition and the more flexible resource management can be achieved. Consequently, we suggest that the case 1 should be studied with the high priority in this SI.
Then, different RA schemes are considered based on overlapping of resource allocations from different TPs:
Scheme 1: Fully overlapping scheme
·  in this scheme the resource allocations from different TPs for a UE are fully overlapped
 Scheme 2: Partial overlapping scheme
·  in this scheme the resource allocations from different TPs for a UE are partially overlapped
 Scheme 3: Non overlapping scheme,
·  in this scheme the resource  allocations from different TPs for a UE are not overlapped
According to the characteristics of each scheme, it is obvious that scheme 1 is more suitable for the usage case with high overload due to the high efficiency of resource utilization and higher gain on spatial multiplexing. But its performance will be affected because of the existing of inter-layer interference among the TPs so CQI enhancement should be considered. In contrast, the aforementioned interference can be totally neglected in scheme 3 with the lowest gain on spatial multiplexing but it can be achieved by semi-static coordination   between TPs to avoid interference between different CWs from different TPs.  Scheme 2 requires the least coordination between TPs but this will cause interference variation in different frequency resources in the same codeword.  We discuss the CSI feedback enhancements regarding these schemes.   
3. Potential enhancement of non-coherent JT
Since the current specification has not been optimized for supporting these applications of non-coherent joint transmission, potential enhancements in the aspects of CSI feedback, control signaling including the resource management and QCL should be considered, especially when the aforementioned non-coherent JT and resource allocation schemes are introduced. The corresponding suggestions are proposed: 
· CSI feedback
[bookmark: OLE_LINK1]The improvement on the CSI feedback could be conducted in two ways, i.e. one CSI processes and two CSI process.
For one CSI process, multiple CSI-RS (two in the conventional case) resources can be adopted to jointly calculate the aggregated CSI which is fed back for the two transmitting JT TPs. The benefit of aggregated CSI is the reduction in feedback overhead with some specification on the format. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For the two CSI processes mechanism, one CSI process is configured for each of the two transmitting JT TPs and a set of CSI (RI, PMI, CQI) is fed back for each process (or TP). 
The following aspects should also be considered for the enhancement:
1. PMI and CQI calculation
According to current specification, UE calculates PMI and CQI for with the assumption of two codewords transmission when RI>1. In non-coherent JT, especially in the application of the aforementioned case 1, it is beneficial to enable the concurrent transmission of multiple layers from each of the transmitting JT TPs, which is essential to performance enhancement under dense deployment scenarios. Therefore, one codeword CSI feedback with multiple layers from each TP should be considered.
2. MCS assignment
Since the different interference will be experienced for the same codeword when partial overlapping scheme of resource allocation is adopted, the enhancement on the current MCS assignment should be considered to deploy multiple MCS schemes for one codeword based on the obtained channel state. The corresponding CSI feedback should also be studied.
3. Inter-layer interference
Advanced receiver such as successive interference cancellation (SIC) has the ability to eliminate the inter-codeword interference between JT TPs by subtracting correctly detected signal from received signal.  To deduce the actual CSI seen by SIC receiver, different interference assumptions may be applied for different codewords. Whether different interference assumptions are necessary and how to signal it needs to be studied.
· Control Signaling Enhancements  
In current specification, the design of the control signal, such as DCI, is optimized for for single point transmission. For the non-coherent JT, the number of available transmission layers of each TP could be regarded as independent and more flexible layer-codeword mapping could be needed to adapt to channel condition. Therefore, DCI design should be enhanced to support the flexible and independent resource scheduling and data transmission in the non-coherent JT. 
There are two possible downlink signaling mechanisms for non-coherent JT, one DCI and two DCIs. For one DCI case, the enhancement on the indication for the TP-specific port/layer utilization, resource scheduling should be considered. And the adaptive PDSCH RE mapping and QCL indication and rate matching across two CRS need to be studied. However, the high requirement (especially delay) on the backhaul connection among the coordinating TPs should also be considered in the implementation of the one DCI scheme. 
For two DCI cases, it could be straightforward to identify the data transmission from each TP via an independent DCI. Study can be done on reducing DCI overhead and complexity of processing multiple DCIs. .
· Reference Signal Enhancements
For supporting the extension of the CoMP measurements set (3 in current case) and enlarging the candidate set for the non-coherent JT in dense deployment scenarios, the mechanisms like aperiodic CSI-RS or IMR can be considered to reduce the overhead of reference signals. Enhancements of using beamformed CSI-RS for JT can be also considered especially for TDD scenarios where the precoder is obtained by channel reciprocity via SRS. 
· Quasi-co-location Enhancements
Based on the QCL assumption which is indicated through the PQI, the large scale channel parameters measured by the CRS/CSI-RS is associated with the corresponding DMRS to enhance the accuracy of channel estimation in data detection. In current specification, the aforementioned QCL is only supported for one selected TP within a subframe. It will result in the performance degradation in the non-coherent JT case since that the differences between experienced channel conditions for the simultaneously received signal from two TPs cannot be well considered. Therefore QCL enhancements to support the indication of more than one CSI-RS resource for QCL per DMRS based PDSCH transmission in a subframe and QCL enhancements to support using beamformed CSI-RS for non-coherent JT should be studied. 
4.  Conclusions 
In this contribution, the demerits of the existing specifications are discussed. For achieving the performance gain of the non-coherent JT according to the objectives in this SI, several aspects should be considered based on the following proposals:
Proposal 1: The study of case 1, in which the different CWs are transmitted from different TPs based adaptive precoding, should be prioritized.
Proposal 2: The application cases for the non-coherent JT based different schemes should be investigated according to the further performance analysis.
Proposal 3: The CSI feedback should be enhanced with consideration on PMI/CQI calculation, MCS and inter-layer interference.
Proposal 4: The control information, especially the DCI should be enhanced to support the flexible and independent resource scheduling and data transmission in the non-coherent JT.
Proposal 5: Enhancement on the reference should be considered.
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