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1. Introduction
In RAN1#86b meeting, the summary of potential enhancements for NCJT has been agreed as follows [1]:
 At least the following enhancements should be studied for NCJT:
· Enhancement to QCL assumptions for DM-RS antenna ports
· e.g., non co-located DM-RS antenna ports
· Control signaling enhancements
· e.g., One DCI or multiple DCIs to support CW-specific resource allocation / MCS assignment / PDSCH RE mapping, more than one CSI-RS resource for QCL/ CW-to-layer mapping
· CSI enhancements
· e.g., CSI calculation for multiple CSI processes with dependency among CSI processes
· e.g., CSI calculation for single CSI process with codebook enhancement
· e.g., CSI calculation for single CSI process with dependency among K CSI-RS resource in Class B FD-MIMO
· e.g., Support of the CSI for advanced receivers
· Enhancement to channel/interference measurements
· e.g., interference measurements based on NZP CSI-RS 
· e.g., aperiodic CSI-IM
· e.g., measurement restriction in the frequency domain
In this contribution, analysis on these enhancements considering specification impact are elaborated.
2. Discussion on potential enhancements and specification impact
In this section, we discuss the details of each potential enhancement and its corresponding specification impact.
2.1 Enhancement to QCL assumptions for DM-RS antenna ports

· Non-co-located DM-RS antenna ports
For non-coherent JT, the UE receives data from multiple TPs simultaneously so that QCL parameters for PDSCH demodulation should be associated with more than one TP. Hence DMRS ports should be assumed to be quasi co-located with more than one CSI-RS resource configuration co-determined by RRC signaling and DCI.  We can consider configuring different CSI-RS resource for QCL per codeword or per a set of DMRS ports.  If we assume different CWs are always transmitted from different TPs i.e. Case 1 of codeword-to-TP mapping defined in [4],   QCL per codeword is sufficient, i.e. all DMRS ports associated with the same codeword are QCL-ed.
2.2 Control signaling enhancements
· One DCI or multiple DCIs to support CW-specific resource allocation
In the current specification, resource allocation for one component carrier can be only signaled by one DCI.  In order to support three resource allocation schemes defined in [4], more flexible control signaling should be considered.  It is beneficial to consider both the one DCI case in which one control signaling is sent from one TRP to inform the overall resource allocation and the multiple DCI case in which each TRP can send its own control signaling to inform the UE its own resource allocation. 
· MCS assignment
MCS is currently assigned per codeword i.e. both modulation and coding are the same across the same codeword. If partial overlapping scheme of resource allocation is adopted, different interference is experienced for the same codeword and hence using one MCS across the same codeword is not appropriate.   MCS assignment should be considered such case to adapt different interference situation in the same codeword.  E.g. different modulation schemes can be allowed.
· PQI enhancement - PDSCH RE mapping, more than one CSI-RS resource for QCL
For this enhancement, PQI is extended to support rate-matching considering joint transmission from multiple TPs.  e.g.  rate-match around multiple CRS resources. As mentioned earlier, more than one CSI-RS resource for QCL and this can be done by enhancing PQI.  Proposals can be either increasing number of PQI bits or keeping the current 2 bits and allowing different RRC configurations on the meaning of each PQI status.  
· CW-to-layer mapping
In the current LTE specification, codeword to layer mappings considering two codewords for initial transmission and retransmission are pre-defined without much flexibility. Case 1 of codeword-to-TP mapping defined in [4], different CWs are always transmitted from different TPs.  Considering two-TP-JT, the number of CWs can be as many as four CWs considering two CWs per TP if independent transmission between two TPs is assumed.  Considering complexity, it may be difficult to increase maximum number of CWs supported by a UE.   To minimize the coordination between TPs, more flexible CW to layer mapping can be considered.  e.g. allow one CW to multiple layer mapping in initial transmission in two DCI case or allow different mappings when the number of layers is an odd number. 

2.3 CSI enhancements 
· CSI calculation for multiple CSI processes with dependency among CSI processes
For the multiple CSI processes mechanism, dependency among these CSI-processes should be considered.  In this way, different interference assumption for each TP should be indicated. More specially, the calculated CSI, e.g., PMI, from the first TP should be treated as configuration of interferer during the CSI calculation for another TP.  This indication could also be used to optimize the performance of advanced receiver, e.g., SIC. 
· CSI calculation for single CSI process with codebook enhancement
For single CSI process case, multiple CSI-RS resources from multiple TPs can be configured to form one aggregated CSI-RS resource.  Codebook enhancement can be considered assuming this kind of aggregated CSI-RS resource. 
· CSI calculation for single CSI process with dependency among K CSI-RS resource in Class B FD-MIMO
For single CSI process case, multiple CSI-RS resources from multiple TPs can be configured as K CSI-RS resources in Class B FD-MIMO.  Then channel measurement and interference measurement can be flexibly configured based on the selection of these K CSI-RS resource for different hypothesis. 
· Support of the CSI for advanced receivers
CWIC is considered as advanced receiver for non-coherent JT.  It 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 can be applied for different codewords. Whether different interference assumptions are necessary and how to signal it needs to be studied.

2.4 Enhancement to channel/interference measurements 
· Interference measurements based on NZP CSI-RS
Considering SIC, the first codeword is decoded with interference with another codeword.  At least for the interference from another codeword, it makes sense to consider interference measurement based on NZP CSI-RS associated with the interfering codeword.  In such case, explicit channel estimation is derived for inter-CW interference.
· Aperiodic CSI-IM
Aperiodic CSI-IM with interference measurement restriction is beneficial for dynamic switching among different CoMP schemes e.g. non-coherent JT and DPS/DPB.  With aperiodic IMR based on ZP CSI-RS, the network can trigger the UE to measure and CSI with desired interference hypothesis more flexibly.   This can be also combined with the interference measurement based on NZP-CSI-RS.  Then a resource pool for aperiodic CSI-RS can be configured for both channel measurement and interference measurement.  Aperiodic channel and interference measurement resources can be selected upon CSI triggering so that the UE can report many CSI hypothesis with one CSI process.
· Measurement restriction in frequency domain
Measurement restriction in frequency domain can be utilized to form multiple CSI hypothesis in frequency domain.  However, subband CSI feedback may implicitly handle this in some extent. 
· Enhancements on reference signals for channel/interference measurements
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. 

3. Conclusion
In this contribution, the details of potential enhancements on NCJT are elaborated with the corresponding changes on the specification.   We propose to capture the description of these enhancements in TR 36.741.  Further evaluation on these specific enhancements are encouraged. 
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