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1. Introduction
In the RAN#71, study item (SI) description “Further enhancements to Coordinated Multi-Point Operation” was approved [1]. 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

It was agreed the evaluation should focus on dense deployment scenarios. And user equipments (UE) with two and four receive antennas and transmission points (TP) with 1D/2D antenna port layouts should be considered. In the light of these understandings, this contribution provides potential enhancements to CoMP JT.
2. CSI Feedback Enhancements 

The typical case of JT under dense deployment scenarios could be that a UE with 4 receiving antennas are served by 2 TPs each with 2 transmitting antennas, as illustrated in Fig. 1. It can be FFS if it is necessary to support larger JT transmission set and 2 transmitting JT TPs can be the baseline. If larger transmission set is supported, feedback overhead reduction should be studied.
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Figure 1 Scenario of JT 
There are two possible CSI feedback mechanisms for two transmitting TPs, i.e. two CSI processes and one CSI process. 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). With one CSI process, a set of aggregated CSI is fed back for the two transmitting JT TPs. The benefit of aggregated CSI is the reduction in feedback overhead but standardization effort is required to specify the format of aggregated CSI. Regarding the two feedback mechanisms, the following enhancements are possible.  
2.1 Enhancements for Two CSI Processes

Existing UE assumption of layer-codeword does not match with the actual JT transmission. According to current protocol, UE calculates PMI and CQI for with the assumption of two codewords transmission when RI>1. In JT, 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.
One prominent feature of non-coherent JT is the existence inter-layer interference, or more precisely inter-codeword interference, between the simultaneous transmissions of the JT TPs. Inter-layer interference is different from interference outside the JT transmission set, which is caused by sources agnostic to UE. Taking inter-layer interference into the UE interference assumption may help produce more accurate CSI. How to account for the inter-layer interference using information such as measurement results on the CSI-RS resources of the CSI processes and incorporate it into the interference assumption utilized to deduce CSI needs to be studied. Correlation may be introduced to the CSI processes of JT TPs to take inter-layer interference into consideration.
2.2 Enhancements for One CSI Process
Aggregated CSI can be supported in one CSI-process.  The enhancement is to configure two CSI-RS resources in one CSI process.  Additional information may be necessary to indicate codeword-layer mapping, which could be more flexible and complicated in JT due to actual channel rather than single point transmission. Moreover, how to take inter-codeword interference into account in the interference assumption also needs to be studied for one CSI Process.
2.3 CSI for Advanced Receiver
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.

3. Control Signaling Enhancements  
 In current protocol, single point transmission is assumed and the layer-codeword choices are limited for a given number of layer. In 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 consider more flexible layer-codeword mapping for initial transmission.
There are two possible downlink signaling mechanisms for non-coherent JT, one DCI and two DCIs. One DCI mechanism has high requirement (especially delay) on the backhaul connection between JT cooperating TPs. How to indicate the port/layer utilized by each of the JT transmitting JT TPs and the rate matching across two CRS needs to be studied.  For two DCIs, the port/layer utilized by each of the JT TPs is signaled via a DCI independently. It needs to be studied whether current port/layer indication is sufficient for JT.
4. Reference Signal Enhancements
In dense deployment scenarios, there are more cells adjacent to UE with the possibility of serving as JT transmission point. It may be helpful to expand the size of CoMP measurement set (3 in Release 11) to enlarge the candidate set of JT transmission points. The potential gain and additional complexity of larger measurement set incurred on the UE side needs to be studied. 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. 
5. Quasi-co-location Enhancements
QCL is utilized to associate the large scale channel parameters measured on CRS/CSI-RS with the DMRS. In current spec, QCL is indicated by PQI and supports DMRS/PDSCH quasi co-located with one selected TP only in a subframe. For non-coherent JT, UE receives signal from two TPs simultaneously and measurement results show that the difference between the large scale channel parameters of different indoor TPs is significant [3]. And analysis proves this difference can cause considerable loss in the performance of non-coherent JT. 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. 
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