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Introduction
In RAN1#88, the January RAN1 NR adhoc conclusion was updated as follows:
Agreements:
· Update the RAN1 Jan. Ad hoc agreements as follows;
· Study the following DL CSI feedback for different degree of channel reciprocity, 
· For full channel reciprocity 
· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix
· Implicit interference feedback: e.g., Interference PMI feedback
· Explicit channel feedback: e.g., CSI of multiple TRPs
· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)
· Partial CSI feedback for eNB to acquire full CSI 
· Non-PMI feedback
· CSI contains RI and CQI
· FFS how RI and CQI are derived
· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset
· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact 
· Study whether or not to support CSI-RS and SRS transmission in the same slot (e.g., for fast CSI acquisition)
· Study if a limitation on the number of SRS and/or CSI-RS ports due to UE complexity, slot duration of different numerology are needed.

While non-PMI feedback is relatively well understood given its use in LTE, the motivations and needed mechanisms listed for full and partial channel reciprocity are not. This paper therefore further discusses the use cases and possible sources of interference CSI in reciprocity operation, and makes recommendations on mechanisms to specify that provide DL interference CSI as well as what might be further studied.
Discussion
In reciprocity based operation, the channel from a serving TP to a UE can be inferred from uplink transmissions.  However, such uplink measurements from one UE do not allow the downlink interference from neighboring TPs or MU-MIMO interference from the serving TP to be directly determined.  This lack of interference knowledge can be compensated for by feeding back measures of interference, as well a variety of other approaches.  
A straightforward way to take into account DL interference in reciprocity based operation is to measure interference on an interference measurement resource, estimate the serving channel with beamformed CSI-RS (determined via reciprocity), and to report CQI derived from the measured channel and interference.  However, this approach does not really provide DL interference CSI, and so is out of scope of this paper.  
The need for DL interference CSI in reciprocity based operation, and consequently how that interference CSI should be determined, depends on the transmission scheme.  Some of the more relevant schemes are:
1. Single TRP SU-MIMO 
In this scheme, interference comes from non-serving TRPs.  The TRP does not attempt to avoid interference to other TRP’s UEs, but may select its precoding such that transmits along multipaths (induced by angle spread at the UE) with the least interference.  Such interference avoidance is likely to require interference CSI per subband and be updated frequently enough to track changes in interferer scheduling as well as channel variations.  Furthermore, such per-multipath interference avoidance is of limited benefit, since it also relies on the UE to form sufficiently narrow beams to discriminate among the multipaths the TRP is transmitting on.  Consequently, mechanisms to obtain other-TRP interference CSI at the serving TRP may not be so essential for SU-MIMO transmission.
2. Single TRP MU-MIMO 
Here interference comes from transmissions on the serving TRP to other UEs as well as from non-serving TRPs.  In this case, since the UEs can be spatially distributed, the TRP need not rely on UE receive beamforming, but can use transmit beam/null-forming to maximize SINR among its served MU-MIMO UEs.  Interference CSI enabling this kind of MU-MIMO transmission can be based on reciprocity and use SRS transmissions, since estimates of the channel to each of the MU-MIMO UEs is sufficient to determine the downlink precoding.  We also note that in MU-MIMO operation, the serving TRP tends to be the dominant source of interference. Therefore, in this case, mechanisms to obtain interference CSI from other TRPs does not seem essential (perhaps even less than in the single TRP SU-MIMO case).
3. Coordinated beamforming multi-TRP MU-MIMO 
Coordinated beamforming transmissions from the serving TRP avoid interfering with UEs served by the serving TP as well those on non-serving TRPs.  This operation can be seen as an extension of single TRP MU-MIMO, since the serving TP takes into account interference produced to its served UEs as well those UEs that are served by other TPs, and can use similar beam/nullforming precoding algorithms.  Interference CSI enabling this kind of MU-MIMO transmission can again be based on reciprocity and use SRS transmissions.  Since the needed CSI for interference mitigation can be obtained through SRS measurements, downlink interference measurements of interfering TRPs could be redundant.
Measurement of SRS from UEs served by other TRPs implies that multiple TRPs share a ‘pool’ of SRSs.  In LTE, this pooling is not well supported, since SRS configured using a cell ID.  This means that it is difficult to maintain orthogonality between SRSs transmitted by different TRPs, which limits the SINR of SRS received by non-serving TRPs.  If the ‘cell ID’ were configurable per UE, the orthogonality could be better maintained, and pooling of SRS among TRPs would work rather better.
4. Multi-TRP joint transmission
In joint transmission, UEs receive MIMO layers transmitted from multiple serving TRPs. This operation can be seen as an extension of single TRP SU-MIMO, where antennas serving the UE are located at different sites.  Given that mechanisms to obtain interference CSI at one serving SU-MIMO TRP do not appear essential, then it is also not clear why they would be needed in the joint transmission case.
Observations:
· The need for interference CSI varies according to the transmission scheme used, 
· Including if it is SU-MIMO, MU-MIMO, single TRP transmission, multi-TRP coordinated beamforming, or multi-TRP joint transmission.
· The most essential interference CSI is that which enables a serving TRP to attenuate interference toward spatially separated UEs
· i.e., CSI enabling MU-MIMO or coordinated beamforming
· SRS used to obtain serving channel CSI can also be used to obtain interference CSI 
· This CSI can enable both MU-MIMO and coordinated beamforming
· Support for coordinated beamforming requires that an interfering TRP be able to measure UEs served by another TRP
· Such SRS should be able to be shared among multiple TRPs, and therefore configured UE specifically.
· DL CSI interference feedback may provide the same information as mechanisms that are anyway used in reciprocity operation
Proposals:
· SRS resources can be shared among TRPs
· SRS configuration parameters are UE specific
· The study of DL CSI interference feedback in reciprocity based operation considers available interference CSI from other sources
· Including SRS 
Conclusion
This paper further has discussed the use cases and possible sources of interference CSI.  The following observations and proposals are made:
Observations:
· The need for interference CSI varies according to the transmission scheme used, 
· Including if it is SU-MIMO, MU-MIMO, single TRP transmission, multi-TRP coordinated beamforming, or multi-TRP joint transmission.
· The most essential interference CSI is that which enables a serving TRP to attenuate interference toward spatially separated UEs
· Ie, CSI enabling MU-MIMO or coordinated beamforming
· SRS used to obtain serving channel CSI can also be used to obtain interference CSI 
· This CSI can enable both MU-MIMO and coordinated beamforming
· Support for coordinated beamforming requires that an interfering TRP be able to measure UEs served by another TRP
· Such SRS should be able to be shared among multiple TRPs, and therefore configured UE specifically.
· DL CSI interference feedback may provide the same information as mechanisms that are anyway used in reciprocity operation
Proposals:
· SRS resources can be shared among TRPs
· SRS configuration parameters are UE specific
· The study of DL explicit interference feedback in reciprocity based operation considers available interference CSI from other sources
· Including SRS



