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In TR36.741 [1], the following enhancements were captured for non-coherent JT:
Potential enhancements for non-coherent joint transmission (NCJT) can be categorized as follows:
· Enhancement to QCL assumptions for DM-RS antenna ports
-	e.g., non co-located DM-RS antenna ports
· Control signalling 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
And in RAN#87 meeting, the conclusion was achieved:
· The companies are encouraged to provide details of the potential enhancements for NC-JT and CS/CB schemes to be captured in the TR 36.741
According to the above agreement and conclusion, in this contribution, we first provide more detailed enhancements for non-coherent JT and then give our text proposal to TR.36.741.
Enhancements to QCL
Since the DMRS ports from one TP are no longer QCL with those from another TP in non-coherent JT, multiple-QCL assumptions should be considered. In Rel-13 LTE, the field ‘PDSCH RE mapping and QCL indicator (PQI)’ was used to support CoMP transmission schemes such as dynamic point selection (DPS). Thus, we can enhance the existing PQI to support multiple QCL transmission as follows: 
· Introduce multiple PQIs corresponding to multiple ports/layers.
· Extend the field of the current PQI to support indications of multiple ports/layers. 
In addition, we can also consider the QCL configuration per DMRS groups where the DMRS ports in one DMRS group are assumed as QCL while DMRS ports in different DMRS group are not. And the CW(s) from one TP could be mapped on one DRMS group and configured with one QCL assumption per CW. In this case, different coordinated TPs can use different DMRS groups which are pre-defined or signalled by serving TP implicitly or explicitly to support non-coherent JT. Such approach may also facilitate the distributed scheduling with the non-ideal backhaul links.
Control signaling enhancements
Control signaling enhancements are essential enhancements for non-coherent JT. In this section, we provide our views on detailed enhancements from one DCI and multiple DCIs design perspective.
One DCI design
In order to support non-coherent JT, one DCI design can be considered with the following aspects:
· Number of CWs per coordinated TP
Since CW-to-layer mapping is tightly depended on the number of CWs that can be transmitted by each coordinated TP, it is necessary to determine the number of CWs for each TP firstly. The signaling overhead of one DCI would be sufficiently large if more than two TPs are involved in non-coherent JT with more than one CW per TP. To reduce the signaling overhead, each TP can be restricted to transmit one CW in non-coherent transmission. In this case, the existing UE capability can also be used when only two TPs are involved in non-coherent transmission. But the mapping between one CW to multiple layers for initial transmission should be considered.
· CW-to-layer mapping and antenna ports allocation
[bookmark: OLE_LINK1]In Rel-13 LTE, CW-to-layer mapping is predefined according to the number of CWs and the total number of layers. Enhancements with respect to flexible CW-to-layer mapping indication should be considered. For example, CW-to-layer mapping for each TP/CW can be indicated in one DCI and/or according to a re-designed CW-to-layer mapping table.
In addition, the indication of the antenna port number used by each TP should be specified. One of the straightforward ways is to allocate different antenna port number to different TPs in a FDM manner or divide different DMRS ports into multiple groups as analysed in subsection 2. The allocation can be predefined or indicated through control signalling dynamically. 
· PDSCH RE mapping
For case 2a and case 2b of non-coherent JT, each layer is simultaneously transmitted from different TPs. For the 2TPs coordination, since each of the coordinated TPs may transmit CRS using different REs according to the CRS frequency shift, the signals received at the position of REs that used for transmitting CRS may include two parts: data signal from the serving TP and CRS from the coordinated transmission TP. In this case, the mismatching of equivalent channel between data REs and DMRS REs would arise and lead to the increase of decoding error rate. Thus, the TP should not transmit data on the positions of CRS REs for all the coordinated TP to avoid performance loss.
· DCI format
Except for the above enhancements, DCI format corresponding to the non-coherent transmission is also an essential issue that needs to be considered. A new DCI format or adding new fields to an existing DCI format (e.g., DCI format 2D) could be a possible approach.
Multiple DCIs design
Multiple DCIs design means that multiple DCIs with respect to multiple coordinated TPs could be transmitted to the same UE. In this case, we analyse the enhancements as follows:
· Number of CWs per coordinated TP
Similar to one DCI design, the number of CWs per coordinated TP should be determined firstly. Considering that multiple DCIs can be transmitted to one UE, it is preferred to support up to two CWs per TP as the existing specification dose. Such approach can reuse the existing DCI design and has minor specification impacts. 
· CW-to-layer mapping and antenna ports allocation
The impacts to multiple DCIs design may be the same with that to one DCI design. 
· PDSCH RE mapping
The impacts to multiple DCIs design may also be the same with that to one DCI design. 
· DCI formats of multiple DCIs
In addition to the above impacts, the payload size of multiple DCIs is another enhancement that should be carefully studied since multiple DCIs could have the same payload size (i.e., the same DCI format) or have different payload sizes. Different payload sizes design may increase the UE blind detection complexity. 
· Multiple DCIs transmission
For multiple DCIs transmission, multiple DCIs could be transmitted from the serving TP or from both serving and coordinated TPs. If the multiple DCIs come from both serving and coordinated TPs, EPDCCH may be a good choice as it is based on DMRS demodulation. 

In summary, the control signalling overhead of multiple DCIs may be larger than that of one DCI design while it may has less specification impacts compared to one DCI design. And multiple DCIs design is more flexible to support independent resource scheduling with non-ideal backhaul links.   
CSI enhancements and reporting
Multiple CSI processes with dependency among CSI processes is considered for CSI calculation. For example, the CSI process ID could be indicated as IM resource of the other CSI process. In this case, the CQI calculation of one CSI process could take the interference from the CSI-RS resource of the other CSI process into account. 
For CSI reporting, the UE needs to report multiple CSIs (i.e., multiple CQIs/PMIs/RIs, etc.) to its associated TP, and each corresponding to one coordinated TP. For the single CSI process case, the UE can report multiple CSIs together at the next reporting request. For the multiple CSI processes case, UE can report the CSI of each TP separately, as is designed in the existing specification. 
In addition, in LTE, the CSI reported by UE could be only received by serving TP. Coordinated TPs just obtain the CSI through X2 interface with the backhaul time delay, which will lead to the outdated CSI and performance degradation. To reduce the non-ideal backhaul delay’s impact, for FDD systems, one of the possible methods is that the target UE reports its CSI measurement results to all coordination TPs through physical air interface directly, by which the coordination TPs can obtain the CSI of the target UE immediately. For TDD system, considering the channel reciprocity, the downlink CSI could be obtained by the uplink SRS. In this case, the serving TP could exchange the SRS configuration of the target UE to all coordination TPs through X2 interface. Such approach could facilitate all coordination TPs to receive the target UE’s SRS and further obtain the CSI immediately. 
Enhancements to channel/Interference measurement 
In order to reflect the mutual interference caused by layers in non-coherent JT, one possible enhancement approach is that both NZP CSI-RS resources and ZP CSI-RS resources could be configured as CSI-IM resources for interference measurement. Through such configuration, the UE could measure the channel matrix and precoding matrix of the directed interference from coordinated TP to take mutual interference into account. 
Note that this interference measurement could be implemented by a single CSI process or multiple CSI processes. For single CSI process, multiple NZP CSI-RS resources are configured, where one NZP CSI RS resource belongs to TP1 and the other belongs to TP2.  When UE measures the CQI1 for TP1, the other NZP CSI-RS resource could be regarded as interference and then obtain the CQI2 for TP2 with the same procedure. For multiple CSI processes cases, NZP CSI-RS resources in multiple CSI processes could be seen as the interference measurement resource through dependency relationship.
Transmission mode
[bookmark: _Ref129681832]Non-coherent JT can be performed in a new transmission mode or reuse the existing CoMP transmission mode (i.e., TM10). Considering that TM10 has already support multiple point transmission well, we suggest reusing TM10 as a baseline for non-coherent JT so that less specification changes are made.
Conclusions
In this contribution, we present our views on the detailed enhancements for non-coherent JT. The corresponding text proposal is given in the appendix.
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Potential enhancements for non-coherent joint transmission (NCJT) can be categorized as follows:
-	Enhancement to QCL assumptions for DM-RS antenna ports
-	e.g., non co-located DM-RS antenna ports
-	Control signalling 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
6.1.1 Enhancement to QCL assumptions for DM-RS antenna ports
The following two approaches could be considered to support multiple QCL assumptions for DMRS antenna ports: 
· Introduce multiple PQIs corresponding to multiple ports/layers.
· Extend the field of the current PQI to support indications of multiple ports/layers. 
In addition, the QCL can be configured per DMRS groups where the DMRS ports in one DMRS group are assumed as QCL while DMRS ports in different DMRS group are not. Note that different DMRS groups could be pre-defined or signalled implicitly or explicitly. And the CW(s) from one TP could be mapped on one DRMS group and configured with one QCL assumption per CW. 
6.1.2 Control signalling enhancements
6.1.2.1 The number of CWs per TP
Since CW-to-layer mapping is tightly depended on the number of CWs that can be transmitted by each coordinated TP, it is necessary to determine the number of CWs for each TP firstly. The following two cases can be considered:
· Each TP can be restricted to transmit one CW for one DCI design case
· Support up to two CWs per TP as the existing specification dose for multiple DCIs design case
For one DCI design case, the signaling overhead of one DCI would be sufficiently large if more than two TPs are involved in non-coherent JT with more than one CW per TP. To reduce the signaling overhead, each TP can be restricted to transmit one CW in non-coherent transmission. In this case, the existing UE capability can also be used when only two TPs are involved in non-coherent transmission. But the mapping between one CW to multiple layers for initial transmission should be considered.
For multiple DCI design case, up to two CWs per TP can be supported as the existing specification dose so that the existing DCI design can be reused and achieve minor specification changes. In this case, the ACK/NACK should be considered for more two CWs at the UE side.
6.1.2.2 One DCI design
In order to support non-coherent JT, one DCI design can be considered with the following aspects:
· CW-to-layer mapping and antenna ports allocation
· Approach 1: Indicate CW-to-layer mapping for each TP/CW
· Approach 2: Joint indication for multiple CWs,  i.e., re-design the CW-to-layer mapping table 
 
· PDSCH RE mapping
For case 2a and case 2b of non-coherent JT, each layer is simultaneously transmitted from different TPs. For the 2 TPs coordination, since each of the coordinated TPs may transmit CRS using different REs according to the CRS frequency shift, the signals received at the position of REs that used for transmitting CRS may include two parts: data signal from the serving TP and CRS from the coordinated transmission TP. In this case, the mismatching of equivalent channel between data REs and DMRS REs would arise and lead to the increase of decoding error rate. Thus, the TP should not transmit data on the positions of CRS REs for all the coordinated TP to avoid performance loss.
· DCI format
A new DCI format or adding new fields to an existing DCI format (e.g., DCI format 2D) could be considered. 
6.1.2.3 Multiple DCIs design
The following aspects for multiple DCIs design can be considered:
· CW-to-layer mapping and antenna ports allocation
The impacts to multiple DCIs design may be the same with that to one DCI design. 
· PDSCH RE mapping
The impacts to multiple DCIs design may also be the same with that to one DCI design. 
· DCI formats of multiple DCIs
Multiple DCIs could have the same payload size (i.e., the same DCI format) or have different payload sizes. 
· Multiple DCIs transmission
The following two approach can be considered for multiple DCIs transmission:
· Approach 1: multiple DCIs are transmitted from the serving TP 
· Approach 2: multiple DCIs are transmitted from both serving and coordinated TPs.
In summary, the control signalling overhead of multiple DCIs may be larger than that of one DCI design while it may has less specification impacts compared to one DCI design. And multiple DCIs design is more flexible to support independent resource scheduling with non-ideal backhaul links.   
6.1.3 CSI enhancements
6.1.3.1 CSI calculation for multiple CSI processes with dependency among CSI processes
· CSI process ID could be indicated as IM resource of the other CSI process. 
· Multiple CSIs (i.e., multiple CQIs/PMIs/RIs, etc.) corresponding to multiple coordinated TPs can be reported.
For the single CSI process case, the UE can report multiple CSIs together at the next reporting request. For the multiple CSI processes case, UE can report the CSI of each TP separately, as is designed in the existing specification.
6.1.3.2 Enhancement to channel/interference measurements
Both NZP CSI-RS resources and ZP CSI-RS resources could be configured as CSI-IM resources for interference measurement. Through such configuration, the UE could measure the channel matrix and precoding matrix of the directional interference from coordinated TP to take mutual interference into account. 
For single CSI process, multiple NZP CSI-RS resources are configured, where one NZP CSI RS resource belongs to TP1 and the other belongs to TP2.  When UE measures the CQI1 for TP1, the other NZP CSI-RS resource could be regarded as interference and then obtain the CQI2 for TP2 with the same procedure. 
For multiple CSI processes cases, NZP CSI-RS resources in multiple CSI processes could be seen as the interference measurement resource through dependency relationship.
6.1.3.3 CSI enhancement with non-ideal backhaul
Coordinated TPs obtain the CSI through X2 interface with the backhaul time delay, which will lead to the outdated CSI and performance degradation. To reduce the non-ideal backhaul delay’s impact, the following two approaches can be considered: 
· Approach 1: UE reports its CSI measurement results to all coordination TPs through physical air interface directly
· Approach 2: exchange the SRS configuration between TPs
Approach 1 could be applied for both FDD and TDD systems. The target UE reports its CSI measurement results to all coordination TPs through physical air interface directly, by which the coordination TPs can obtain the CSI of the target UE immediately. Approach 2 is suitable for TDD systems. The TP could exchange the SRS configuration of the target UE to all coordination TPs through X2 interface. Such approach could facilitate all coordination TPs to receive the target UE’s SRS and further obtain the CSI immediately.
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