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Introduction
The work item description [1] for feCoMP contains the following work item objectives: 
· Specify enhancements to support non-coherent joint transmission (JT) schemes [RAN1]
· Support of a new QCL assumption for DM-RS antenna ports
· Support of control signaling enhancements to assist QCLPDSCH REs mapping and resource allocation
· Support possible CSI feedback enhancement
This contribution discusses possible CSI feedback enhancement to support NC-JT.
[bookmark: _Ref178064866]Discussion on possible enhancements
According to the work item description for feCoMP, CSI feedback enhancements supporting feCoMP should be studied and if needed be specified. We note, though, that NC-JT operation is possible without assisting NC-JT specific CSI feedback, and thus, it is not essential to introduce a new CSI feedback mode. Using existing CSI feedback mechanisms, a UE could for instance be configured with two CSI processes, each corresponding to a separate TRP, and feed back a PMI/RI/CQI report corresponding to each TRP assuming single-TRP hypothesis. The reported PMIs can then be used directly to precode the transmission from each TRP. However, there are several issues with using this standard-transparent approach:
· The RIs will likely be chosen to aggressively as they correspond to single-TRP hypothesis and are not selected jointly assuming NC-JT hypothesis
· The CQIs will be too optimistic as inter-TRP interference is not taken into account. Further, multiple CQIs is calculated corresponding to each TRP if RI>1, however each TRP will only transmit using one CW for NC-JT. 
· As PMIs for each TRP are determined independently, PMIs that cause large mutual interference could be selected by the UE
It is not certain, though, that these issues are detrimental to system performance and it is possible that much can be solved via eNB implementation. For instance, the eNB can apply heuristic algorithms for estimating appropriate MCSs for NC-JT hypothesis based on the reported CQIs as well as apply rank override to select a lower rank than the reported RIs indicate. Alternatively, the eNB could inject inter-TRP interference on the IMR to force the UE to select a less aggressive CQI. By configuring measurement restriction on the IMR, the eNB has a lot of flexibility to probe different emulated inter-TRP interference levels, which may allow an effective heuristic standard transparent algorithm implementation. However, it is acknowledged that jointly deciding PMI/CQI/RI for both TRPs participating in NC-JT will have better performance.
[bookmark: _Toc490211029]NC-JT operation is possible without CSI feedback enhancements and CQI/RI mismatch between single-TRP and NC-JT hypothesis may be mitigated via eNB implementation. However, jointly calculating CSI for the multiple TRPs assuming NC-JT hypothesis will have better performance.
For optimal performance, the UE should be able to dynamically select if it wants single-TRP or NC-JT transmission from multiple TRPs. This selection could then be fed back in a single CSI report. However, even if the UE indicates that it prefers NC-JT transmission, it is not certain that the NW is able to accommodate it and single-TRP transmission could be applied instead. Thus, the NW needs CSI available for both NC-JT and single-TRP hypothesis, meaning that at least 3 parallel CSI processes would have to be used to at the UE.
In the feCoMP study item [2], the following schemes were considered as options for CSI enhancements to support NC-JT CSI feedback:
-     Scheme 1: using single CSI process with K>1 CSI-RS resources.  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   , where  and  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. 
In the first scheme, according to our interpretation, the UE is configured with K NZP CSI-RS resources corresponding to K TRPs within a single CSI processes, each CSI-RS resource can be associated with a precoder codebook for the corresponding TRP. Assuming henceforth that K=2, the UE can jointly calculate PMI1 and PMI2 for each CSI-RS resource using the respective codebook for each TRP, but take into account the inter-layer interference between the two PMIs when calculating the per-resource CQI. Thus, with this approach, multiple PMI/RI/CQI is fed back within a single CSI report, which requires updated CSI report formats for PUCCH and PUSCH, which could cause some specification impact. If this approach is chosen, a compromise could be to only support this feedback format for aperiodic reporting on PUSCH.
[bookmark: _Toc490211030]CSI enhancements for NC-JT based on multiple CSI-RS resources within a process can well capture multi-TRP hypothesis but require some enhancements to CSI reporting formats


The second scheme defines a new block-diagonal codebook that is applied within an aggregated CSI-RS resource. This scheme is similar to the first one, except here only a single PMI/RI/CQI is reported, which possibly lessens the specification impact. However, new codebook(s) would have to be defined. As the benefit with NC-JT mainly is observed when each TRP is equipped with 2TX while the UE is equipped with 4RX, perhaps it is only necessary to define a block-diagonal codebook where  and are taken from the 2TX codebook. Specifying such a codebook could have a reasonable specification impact in relation to the performance benefit and considering the TU allocation of the WI.
[bookmark: _Toc490211031]CSI enhancements using enhanced codebook and aggregated CSI-RS resources is slightly less flexible but may require less specification impact
The third scheme relies on multiple CSI processes and introduces a dependency between CSI processes so that the PMIs selected in a first CSI process (corresponding to TP1) is introduced as additional interference in second CSI process (corresponding to TRP2) and vice versa. With this approach, a more appropriate CQI and RI, taking into account NC-JT hypothesis, can be selected for each CSI process. However, PMI selection is not done jointly so PMI selection can still be suboptimal. Further, as the CSI calculation now becomes an iterative process, it is unclear in what order PMI calculation should be done for each TRP and it different orderings could result in different CSI feedback, which causes an ambiguity in UE behaviour which is undesirable. To resolve ambiguity problem, a reference CSI process and a dependent CSI process could be defined, where CSI for the reference CSI process is calculated independently and the NZP CSI-RS and PMI selection is used as interference in the dependent CSI process. With such an approach, iterative interference calculations are not needed. However, the CSI will be suboptimal since the CSI will be calculated assuming single-TRP hypothesis for the reference CSI process, which means that both PMI and CQI is not calculated jointly. Only CQI of the dependent CSI process will be changed with this approach compared to spec transparent approach. So it’s difficult to see how this approach can bring significant performance benefit. 
The benefit with this approach is that the same CSI reporting mechanisms can be reused as a single PMI/RI/CQI per CSI process is fed back, which may limit the specification impact. However, multiple CQIs per process will still be reported as the resulting CW-to-layer mapping of the multi-TRP transmission is not captured, so there will still be a CQI mismatch with this approach. And perhaps most importantly, introducing a dependency between is not very clean from a specification viewpoint as CSI processes per definition should correspond to independent flows of CSI. Therefore, Scheme 3 should not be supported.
[bookmark: _Toc490211032]NC-JT CSI feedback based on dependency between CSI process has several issues and the performance benefit is unclear
Proposal for CSI enhancements
Based on the discussion in the previous section, we propose the following CSI enhancement to support NC-JT:
Proposal:
· For CSI measurement and reporting to support NC-JT:
· Up to two NZP CSI-RS resources can be configured per CSI process
· An aggregation of the two NZP CSI-RS resources is used to derive the channel measurement
· The following block diagonal precoder codebook is introduced for deriving the CSI, 
[image: cid:image001.png@01D30DCF.77BE54F0]
· where Wa is a precoder selected from the existing a-Tx codebook and 
· Wb is a precoder selected from the existing b-Tx codebook, 
· a and b are respectively the number of antenna ports for the two CSI-RS resources. 
· The number of columns for each of Wa and Wb is determined according to the hypothetical number of layers assumed for the CSI derivation
· And where a=b=2 antenna ports
· Only aperiodic CSI reporting is supported 
· Periodic CSI reporting is not supported

Conclusions
In this contribution, we have discussed CSI enhancements for NC-JT and made the following observations:
Observation 1	NC-JT operation is possible without CSI feedback enhancements and CQI/RI mismatch between single-TRP and NC-JT hypothesis may be mitigated via eNB implementation. However, jointly calculating CSI for the multiple TRPs assuming NC-JT hypothesis will have better performance.
Observation 2	CSI enhancements for NC-JT based on multiple CSI-RS resources within a process can well capture multi-TRP hypothesis but require some enhancements to CSI reporting formats
Observation 3	CSI enhancements using enhanced codebook and aggregated CSI-RS resources is slightly less flexible but may require less specification impact
Observation 4	NC-JT CSI feedback based on dependency between CSI process has several issues and the performance benefit is unclear

Based on these observations, we propose the following:
 Proposal:
· For CSI measurement and reporting to support NC-JT:
· Up to two NZP CSI-RS resources can be configured per CSI process
· An aggregation of the two NZP CSI-RS resources is used to derive the channel measurement
· The following block diagonal precoder codebook is introduced for deriving the CSI, 
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· where Wa is a precoder selected from the existing a-Tx codebook and 
· Wb is a precoder selected from the existing b-Tx codebook, 
· a and b are respectively the number of antenna ports for the two CSI-RS resources. 
· The number of columns for each of Wa and Wb is determined according to the hypothetical number of layers assumed for the CSI derivation
· And where a=b=2 antenna ports
· Only aperiodic CSI reporting is supported 
· Periodic CSI reporting is not supported
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