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1 Introduction
In the RAN1#87 meeting, the TP, which includes the following summary for the enhancement of NCJT is endorsed [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 light of this progress, the details for each enhancement are elaborated in this contribution considering of the potential specification impacts. 
2 Discussion on the potential enhancements
· Enhancements related to QCL assumptions for DM-RS antenna ports

This category comprises schemes which support non-co-located DM-RS antenna ports.  In case of non-coherent JT, different CWs can be transmitted from different non-co-located TPs, e.g., to support NC-JT Case 1. Therefore, different MIMO layers and corresponding DM-RS antenna ports can be transmitted from different non co-located TPs. In such case, a UE cannot assume all DM-RS antenna ports are quasi co-located.   In order to support such QCL assumptions, one of the following three approaches of specification enhancements can be considered: 

· Approach 1: QCL assumption of DM-RS antenna ports is indicated per DMRS port basis.

· Approach 2: QCL assumption of DM-RS antenna ports is indicated per DMRS port group basis where the DMRS port groups can be configurable.

· Approach 3: QCL assumption of DM-RS antenna ports is indicated per CW basis. 
Approach 1 is the most flexible since each DMRS port can have its own QCL assumption.  However, it requires more signaling for QCL indication.  Approach 2 can potentially reduce the control signalling overhead by grouping the DM-RS antenna ports into multiple groups if the DMRS port group(s) is configured in higher layer signaling.  Approach 3 is similar to Approach 2 where DM-RS antenna ports grouping is done implicitly according to MIMO layer associated with each codeword. Control signaling overhead can be potentially further reduced with this fixed relationship.

· Enhancements related to control signaling  
The enhancements on the control signaling are proposed for the following four aspects: 

1. Enhancements to PQI
This category comprises schemes where PQI (PDSCH RE Mapping and Quasi-co-location Indication) is enhanced considering simultaneous transmission of MIMO layers from multiple TPs.  Particularly, the coordinating TPs may belong to different cells with different number of antenna port or different CRS shifts. Hence, multiple CRS resources are considered for PDSCH REs mapping. In addition, more than one CSI-RS resource can be configured in each PQI status for QCL purpose as mentioned in Section 6.1.1.  Hence, potential specification enhancements under this category may include one or more of the following: 

· Support multiple CRS resources for PDSCH RE mapping in each PQI status.
· Support multiple CSI-RS resources for QCL purpose in each PQI status. 

· Introduce more PQI bits to support more combinations of PQI parameters.  

2. Enhancements to MCS 

This category comprises schemes where multiple MCSs are configured for single CW from single and/or multiple TPs.  For NC-JT Scheme 2 with partial resource, different interference levels are experienced for the same CW and hence using one MCS across the same codeword may not be sufficient.  Enhancements to MCS indication and CSI feedback can be considered to adapt different interference conditions within one codeword.  One example is to allow multiple modulation schemes indication one codeword.  
3. Enhancements to resource allocation 

This category comprises schemes where resource allocation is enhanced considering three resource allocation schemes described in Section 5.2. In this category, potential specifications enhancements may include the following approaches: 

· Approach 1: Single DCI approach - Support of resource allocation per codeword basis in one DCI.

· Approach 2: Multiple DCI approach - Support of multiple DCIs for resource allocation from multiple TPs   

Approach 1 extends the existing resource allocation indication to multiple resource allocation indications to support non-coherent JT from multiple TPs.   Joint resource allocation indication can be also defined to support only a subset of resource allocation schemes, e.g., Scheme 1 and Scheme 3 in Approach 1.
 In Approach 2, multiple resource allocation indications are independently signaled via multiple DCIs.  Therefore, Approach 2 requires a UE to support reception of multiple DCIs in one component carrier.    
4. Enhancements to CW-to-layer mapping

This category comprises schemes where CW-to-layer mapping can be configured for joint transmission of MIMO layers from multiple TPs. In this category, potential specification enhancements may include one or more of the following two approaches: 

· Approach 1: Single DCI approach - Configuration of CW-to-layer mapping for each CW 

· Approach 2: Multiple DCI approach - Support of single codeword for initial transmission with multiple MIMO layers
Approach 1 supports configuration of CW-to-layer mapping for each CW so that it requires less coordination between two TPs for joint transmission.  The CW-to-layer mapping may also imply certain CW to DMRS port mapping.  For example, one TP uses port 7 and/or 8 and another TP uses port 11 and/or 13 for transmission.

Approach 2 requires a UE to support reception of multiple DCIs in one component carrier.   Some restrictions can be considered to reduce the UE complexity on decoding multiple codewords.  For example, single codeword per DCI can be configured for multi-layer initial transmission so that the maximum number of codewords is equal to two in case of joint transmission from two TPs.

· Enhancements related to CSI enhancements
This category comprises schemes where enhanced CSI calculation is introduced. These schemes are targeted to enhance accuracy of CSI calculation under the assumption of non-coherent joint transmission with consideration of inter-TP or inter-CW interference. CSI enhancements can be done under the framework of single CSI process or multiple CSI processes. Enhancements can also be considered for advanced receiver e.g. CWIC for non-coherent JT.  

Several examples of schemes which fall under this category can be described as bellow:

· Scheme 1: using single CSI process with K>1 CSI-RS resources in Class B FD-MIMO.  Channel measurement and inter-TP interference measurement can be flexibly configured based on the selection of these K CSI-RS resource for different hypothesis.
· Scheme 2: using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources. CSI-RS resources from multiple TPs are aggregated to form one CSI-RS resource.  An enhanced codebook with the codeword structure considering non-coherent joint transmission can be applied to the aggregated channel measured from the aggregated CSI-RS. An example of the codeword structure considering two-TP joint transmission is  
[image: image1.wmf]ú

û

ù

ê

ë

é

=

b

a

W

0

0

W

W

 , where 
[image: image2.wmf]a

W

 and 
[image: image3.wmf]b

W

 are the precoding matrices applied to the two TPs respectively.
· Scheme 3: using multiple CSI processes with dependency among CSI processes.  For the multiple CSI processes mechanism, dependency among these CSI-processes can be considered.  In this way, different interference assumption for each TP is indicated. More specially, the calculated CSI of one CSI process, e.g., PMI, from the first TP can be treated as configuration of interferer during the CSI calculation for another CSI process i.e. for another TP.  This indication can also be used to improve the CSI accuracy assuming advanced receiver, e.g., SIC. 
· Enhancements related to channel /interference measurements

This category comprises schemes where the enhanced measurements are utilized to assist channel and interference measurement. These schemes are targeted to enhance accuracy of channel/interference measurement and reduce the overhead of measurement resources. In this category, potential specification enhancements may include introduction of interference measurement resources and configuration of measurement schemes.  Several examples of schemes which fall under this category can be described as follows.  
· Scheme 1, interference measurement 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. Enhancements of using beamformed CSI-RS for non-coherent can be also considered especially for TDD scenarios where the precoder is obtained by channel reciprocity via SRS.

· Scheme 2, 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 CS/CB.  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 hypotheses within one CSI process.
· Scheme 3, measurement restriction in the frequency domain: Measurement restriction in frequency domain can be utilized to form multiple CSI hypotheses in frequency domain.  This can be considered for Scheme 3 of resource allocation where transmitted data from coordinating TPs is partially overlapped which means inter-TP interference is frequency selective. 
Proposal:  Capture above description on NCJT enhancements in TR36.741
3 Conclusion 
In this contribution, the potential enhancements on NCJT are described with the corresponding changes in the FeCoMP TR. The following proposal is introduced:
Proposal:  Capture above description on NCJT enhancements in TR36.741
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