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1 Introduction
At the previous meeting (RAN1#86bis), the following agreements were achieved [1]
· For coordinated transmission schemes for NR:

· Support different types of coordinated transmission schemes for NR

· Strive for commonality in supporting the different types of coordinated transmission schemes for NR
· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers

· Consider information related to interfering signals for interference suppression and cancelation at UE side

· As a baseline, consider NAICs receivers structures in LTE

And also agreed the following issues, 
· The feasibility of CSI-RS transmission and CSI reporting in a self-contained structure (e.g., subframe) should be studied, considering UE implementation complexity

· FFS: DM-RS based CSI reporting
· Interference measurement under different interference hypothesis should be supported in NR

· Definition of interference hypothesis and mechanism of interference measurement is FFS
In this contribution, under the scope of coordinated schemes, we investigate the CSI measurement and reporting design principles and the interference measurement under different interference hypothesis. 
2 Considerations on CSI Measurement and Reporting for Coordinated Transmission Schemes 
In #86bis RAN1 meeting, it is agreed that coordinated transmission schemes for co-located and non-co-located TRPs should be considered [1]. Co-located and non-co-located TRPs would raise different requirements for the system, such as QCL configuration, time/frequency synchronization, backhaul capacity/latency, receiver algorithms, etc. With regard to practical implementation complexity, a coordinated transmission scheme which has low time/frequency synchronization and backhaul capacity requirements would be more attractive. Therefore, in this contribution, we take non-coherent coordination and interference mitigation as coordinated transmission scheme examples to show how CSI measurement and reporting would perform. Also, the commonality among different types of coordinated schemes is discussed, in order to investigate a widely used CSI measurement and reporting design principle for coordinated schemes. 
2.1 CSI measurement and reporting in coordinated transmission schemes

Non-coherent coordination refers to separate precoding by each coordinated TRP, where each TRP is responsible for part of the data to be transmitted to a target UE [2]. It is more appealing than coherent coordination since it requires less on the instant data exchange among coordinated TRPs, and the precoding is executed by each TRP based on the instant CSI measurement. Since more than one TRP would be serving the target UE, multiple sets of CSI need to be measured and reported, where each set of CSI corresponding to a set of configured resources. A set of CSI refers to one or more measured values on channel condition, e.g. CQI, PMI or RI. Therefore, multiple CSI-RS resources would be configured to a UE and more than one set of CSI will be reported to the network for coordinated scheduling. In the case of multiple MIMO layers from different TRPs to reach a same UE, the MIMO layers act as interference to each other. Interference measurement for a precoded interference beam should be studied when measuring a set of CSI. 
With the development of NR, dense scenarios are deployed with an increasing number of TRPs or antenna panels. With beams from all directions existing, interference mitigation would help to decide the precoding among coordinated TRPs in order to avoid the interference beams or lower the interference power for further enhanced system performance [2]. One advantage for the interference mitigation is that CQIs of the interferences may not need to be reported since data is not transmitted by the interference beams to serve the target UE. This would greatly reduce the feedback overhead. Furthermore, relatively weak interferences may not need to be reported since they may have little impact on the UE. As for the scheduling in the interference mitigation scheme, two ways to treat interference beams are: avoid using the interference beam, or control the transmission power of the interference beam. For the latter, it is better to control the interference power both in the measurement and transmission procedures, not in the transmission procedure only.  Otherwise, the chosen precoding matrix for transmission may not be the best if its transmission power is decreased. 
Proposal 1: Power control of interference beams in measurement procedure should be studied in coordinated transmission schemes.
2.2 Commonality for CSI measurement and reporting
In implementation, coordinated schemes are transparent to UEs. Therefore, the commonality for coordinated schemes, especially the schemes require less stringent time/frequency synchronization and low backhaul capacity requirement should be investigated. Based on the analysis above, two main characteristics are concluded to strive for CSI measurement and reporting commonality: multiple sets of CSI are required and partial CSI measurement results feedback is preferred. 
In the coordinated schemes, multiple sets of CSI are measured and reported. For the serving TRP, CSI measurement should consider the interference from coordinated TRPs, so at least two sets of CSI are preferred for scheduling, where one CSI considers the existence of the interference from coordinated TRPs, while the other CSI does not. For coordinated TRPs, at least one set of CSI is required to each one of them. 
CSI feedback procedure would choose part of the measured CSI to report, since not all of the measured sets of CSI are necessary to be reported. For example, the geographically distant TRP may not be chosen for data transmission to the target UE or it may have relatively weak influence to the target UE, so the CSI for the TRP can be unreported in order to reduce the feedback overhead. Therefore, feedback format should be designed for partial feedback.
Proposal 2: In NR, it should be a design principle that multiple sets of CSI are measured and only part of the measured sets of CSI are reported in coordinated transmission schemes. 
2.3 Transparent CSI-RS port mapping for coordinated transmission
Coordinated transmission in NR will support both multi-point coordination and multi-point transmission schemes. Multi-point coordination implies that transmission to a given UE is carried out from a specific TRP even though certain functions such as link adaptation and/or scheduling can be coordinated across multiple neighbouring TRPs. In contrast, multi-point transmission implies that transmission to a given UE can be carried out from different TRPs, either by varying the transmission point dynamically or through joint simultaneous transmission from multiple TRPs. 
CSI-RS measurement and reporting is not only necessary for beam management, CSI acquisition, Idle-mode NR-cell selection/reselection but also to support coordinated transmission.  Within a NR-cell, a UE is likely to be exposed to multiple TRPs or multiple beams from one or multiple TRPs.  The UE can be configured to measure and report channel quality and/or channel state information associated with different CSI-RS ports.
Whether for multi-point coordination or multi-point transmission schemes, the mapping of TRPs or their associated antenna elements to CSI-RS ports should be transparent to the UE, i.e. the UE need not be aware of which TRPs/antenna elements it measures as long as it is configured with the corresponding CSI-RS port. Hence, a coordinated TRP set can be updated transparently to the UE, i.e. without incurring additional signalling overhead. Moreover, it is possible for the CSI-RS ports to follow the UE, i.e. from the UE perspective, the CSI-RS resource (time, frequency and sequence resource) and port number can be kept the same even though the coordinated TRP set changes. In such a case, there is no signalling required to inform the UE. The transparency provides seamless mobility to the UE as the UE does not need to know the updated coordinated TRP set, only the associated CSI-RS configuration as it moves.
From the UE perspective, the UE is informed of the corresponding CSI-RS configuration including the number of ports, density, T/F resource mapping, modulating sequence and QCL assumptions. It is also instructed to perform measurement and reporting. Such information may be semi-statically derived from explicit and/or implicit signalling. 

It is preferred that CSI-RS based measurement mechanism in NR provides transparent (from UE point of view) mapping of port to TRP/antenna elements and, utilizes a unified L1/L2 signalling, feedback mechanism and UE behaviour.
Proposal 3: In NR, it should be a design principle that UE-specific measurement TRPs set and transmission set is transparent to UE to support coordinated transmission. 
3 Considerations on Interference Measurement  
3.1 Definition of interference hypothesis
With regard to the sources, interferences in coordinated transmission schemes mainly have following types:

1. Type A: Interference inside the coordinated measurement set

a) Type A-1: Interference inside the coordinated transmission set
b) Type A-2:  Interference outside the coordinated transmission set
2. Type B: Interference outside the coordinated measurement set

Coordinated measurement set is a set of TRPs whose links to the UE are measured and reported for CSI acquisition. TRPs inside one measurement set would exchange their measured sets of CSI, while, the TRPs inside one transmission set would serve target UEs. Note that the transmission set is determined after TRPs are measured with CSI in the measurement set. Coordinated measurement set and transmission set are shown in figure 1(a). Three different types of interference are shown in figure 1(b). Non-coherent coordinated transmission scheme may have type A-1, type A-2 and type B interference. Coordinated scheme to mitigate interference only has one TRP to serve one UE; therefore, this kind of scheme may have type A-2 and type B interference. 
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Figure 1(a) Coordinated measurement set and coordinated transmission set. (b) Interference types according to interference resources

Different types of interference would prefer different methods of interference measurement, so it is needed that the interference should be classified in coordinated schemes. An interference hypothesis refers to a combination of one or more types of the interferences corresponding to one or more coordinated TRPs in coordinated transmission schemes.
Proposal 4: An interference hypothesis refers to a combination of one or more types of the interferences corresponding to one or more coordinated TRPs in coordinated transmission schemes. 
3.2 Interference measurement 
Alternatives of the resources to measure interferences are: ZP CSI-RS resources, NZP CSI-RS resources, etc. For type A-1 interference, the interference beams are aiming to the target UE with precoding. In this case, a UE configured with NZP CSI-RS resources would be able to calculate various interferences by matching various precoding matrices to the interference beam. For type A-2 interference, since the interference beam is still under control within the coordinated set, the target UE could use NZP CSI-RS resource to measure the channel matrix and precoding matrix for the interference beam. Or, the target UE could also use ZP CSI-RS resource to measure the interference power directly. For type B interference, configuring ZP CSI-RS resources is enough since the interference beams are generally not aiming to the target UE and the TRP is in outside of the coordinated measurement set. Interference power can be measured directly on the ZP CSI-RS resources. The interference type is agnostic to the UE. However, the serving TRP has the ability to configure different resources to a UE according to different interference types in a transmission scheme. For the example in figure 1(b), resources configured to measure interferences are shown in figure 2. 
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Figure 2 Resources configuration to measure interferences

Under an interference hypothesis, a combination way of the interference measurement resources is determined, and it would lead to a CSI measurement result in coordinated schemes. The combination could be done by UE, or by TRP, in order to obtain the interference corresponding to the interference hypothesis. The interference hypothesis can be dynamically configured and CSI can be calculated with the interference under the indicated hypothesis. So, the interference measurement, as well as the CSI measurement, is connected to a specific interference hypothesis.  
Proposal 5: NZP and ZP CSI-RS resources should be supported to be configured to measure interference in coordinated transmission.
Proposal 6: Interference measurement in coordinated transmission schemes is connected to an interference hypothesis.
4 Conclusion
This contribution provides considerations for coordinated transmission schemes, mainly for CSI measurement and reporting and interference measurement. We have following proposals: 
Proposal 1: Power control of interference beams in measurement procedure should be studied in coordinated transmission schemes.
Proposal 2: In NR, it should be a design principle that multiple sets of CSI are measured and only part of the measured sets of CSI are reported in coordinated transmission schemes. 
Proposal 3: In NR, it should be a design principle that UE-specific measurement TRPs set and transmission set is transparent to UE to support coordinated transmission. 
Proposal 4: An interference hypothesis refers to a combination of one or more types of the interferences corresponding to one or more coordinated TRPs in coordinated transmission schemes. 
Proposal 5: NZP and ZP CSI-RS resources should be supported to be configured to measure interference in coordinated transmission.
Proposal 6: Interference measurement in coordinated transmission schemes is connected to an interference hypothesis.
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