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1
Introduction
Interference estimation is of primary importance for proper link adaptation design. During the previous RAN1#AH meeting, the following options were identified:

· For NR, support at least two types of resources used for interference measurement in CSI configuration based on the following candidates:

· ZP CSI-RS, NZP CSI-RS, DMRS

· Including independent or joint usage of any combination of the above three candidates

· Selection is to be done in RAN1#88
In this contribution we present an analysis considering the above mentioned choices.
2
Channel and interference measurements for NR
Channel and interference measurements are the main inputs in the CQI calculation. In the following we address aspects related to these measurements and consider several design considerations to be investigated in NR. We would like to differentiate between the channel and interference measurement and the network operation in terms of scheduling strategies exploiting these measurements. Such scheduling, for example pre-scheduling probing are to a large, if not full extent, an implementation specific issue. 
2.1 
Channel measurements

The nature of single/multi beam channel measurements is rather clear in the new system. Several types of DL reference signals are likely to be defined, ranging from beam/TRP identification RS, traditional RS used for CSI feedback and RS used for demodulation. 

·  Non-zero power CSI-RS is an obvious candidate for channel measurements. From the multi-cell multiplexing perspective, the LTE design is a starting point. Certainly we need to discuss quite likely new RS patterns, densities, etc. Zero-power muting principles, are something to consider in NR, especially in multi-beam/point deployments targeting accurate channel measurements.
·  The earliest RS the UE is encountering is the RS used for beam/TRP identification. We will call such a reference symbol as BRS (beam reference symbol). For an agile system operation, early CSI feedback could be an important step in starting early the link adaptation process, in this respect BRS being one candidate for channel measurements leading to CSI construction.
Proposal 1: Consider non-zero power CSI-RS as the main candidate for channel measurements.

Proposal 2: Consider beam RS as one candidate for measurements providing early CSI feedback.

While the above discussion refers to DL RS, naturally one more candidate is the UL SRS in TDD. However, in NR we envision a similar mechanism of computing and quantizing CQI at the UE and not decoupling the measurement and reporting of the channel and interference, even that in practice, the agreed CSI framework is allowing independent resource setting configuration which may consist of ZP or NSP CSI-RS resources.
2.2 
Interference measurements
The main requirement of the interference measurements is that they reflect the interference experienced by the data channel of the target UE. Several components are important in this discussion: the accuracy of these measurements and hence the way in which they are performed, the dynamics of the interference structure which includes also the latency between the interference computation, CSI reporting and scheduling decision.
Interference measurement resources should allow the UE to capture the spatial characteristic of the interferer and potentially aid in differentiating the dominant interferer. In multi-point/beam operation, it is clear that the network is likely to consider various interference hypothesis, exposing the UE to different combinations of interferers depending on the coordination scheme which may involve blanking the dominant interferer or using joint transmission. We believe the mechanisms such as interference coordination sets (such as CoMP measurement set) are going to be utilized in NR, being a network implementation specific issue how such sets are formed or coordinated. 
During the RAN1 AH meeting, several resource elements used for interference computation were discussed. Here are a few pros/cons on each of these components: ZP CSI-RS, NZP CSI-RS, DM-RS.

ZP CSI-RS have few characteristics which can be enumerated as follows:
· Provide flexibility in the actual interference estimation by allowing the exposure of the interfered data channel to either “clean” interference or interference emulated by the basestation (which is an implementation specific operation).

· Scale easily in various densities if necessary.

· Depending on the network coordination, they are efficient and straight forward ways to expose the target UE to various interference hypothesis
· They require a single way of interference computation in the UE. 

NZP CSI-RS:

· Are configured to the UE in order to facilitate the channel estimation for interfering transmission points. In the same time, the UE can emulate the interference coming from that particular points. This is typically done by the UE forming an interference hypothesis by emulating an isotropic signal. 
DM-RS:
· The DM-RS has been proposed for interference estimation for some time in LTE, the main reason being the MU MIMO interference estimation. On the other hand, an advantage of DM-RS is also the direct estimation of the effective channel of the dominant interferer, as we will describe next.

· Two forms of DM-RS can be utilized. 
· DM-RS of the serving UE: based on which the residual interference can be computed after the estimation of the serving DM-RS. The quality of such estimates depend on the DM-RS design. It is likely that the DM-RS of the serving UE would be either blanked or overlap with the DM-RS of the paired UE. The latter case is more useful as the residual interference computed on DM-RS would capture the characteristics of the interfering signal.

· DM-RS of the interfering UE. In this configuration the IMR allows the direct measurement of the DM-RS from the interfering UE, this means that the effective channel of the interfering UE can be directly obtained by the target UE.
One case not much discussed but which can be linked to dynamic TDD cross-interference estimation is the situation where interference is measured on SRS. Due to the hopefully DL/UL symmetric channel design, one may argue that interference may be measured from the UL DMRS, however SRS could be an alternative. 

At least part of the main requirements for the above alternatives are: 1. The support for CoMP operation when a large amount of UEs is configured, 2. Providing advanced interference estimates for MU MIMO operation, 3. Provide dominant interference information aiding network coordination schemes. ZP CSI-RS can achieve some of these goals, but not all. In any case, ZP CSI-RS is a basic components nobody is disputing. NZP CSI-RS is already configured for the UE, and from this perspective it comes “for free”. The main problem however is the emulation hypothesis which is based on an isotropical signal. This does not seem to scale flexibly with the directional transmission which happens in both CoMP and above 6GHz beam based scenarios. This is a point where DM-RS operation has an edge, especially the option where the DM-RS of the interferer is used for estimation. Access to equivalent channel of the interferer is easier, the only drawback being the fact that such interference information is available only during the scheduling stage. Note that in terms of resource consumption, NZP CSI-RS and DM-RS are similar as the resources are already configured for other purposes. In fact the DM-RS has even lighter overhead impact, as it is scheduled for the interfering UE. In either case of NZP CSI-RS or DM-RS, the dominant interferer power can be obtained by the UE and this is beneficial to be fed back to the gNB in a form of Interferer Quality Information. 
Observations:

· ZP CSI-RS is a basic component which needs to be supported in NR for interference estimation

· NZP CSI-RS suffers from the assumption of isotropic signal used in the interference calculation hypothesis.

· DM-RS provides access to the dominant interferer equivalent channel but may be impacted by the scheduling delay.
· Both NZP CSI-RS and DM-RS can be used in acquiring the dominant interferer power which can be fed back to the network in form of Interference Quality Information.
The flexibility of utilizing the discussed interference measurement resources depends on how the IMR is defined, and all these signals configured for interference estimation, something we address in the following. One option following LTE operation is to configure the same resources for ZP and NZP CSI-RS, hence overlapping patterns. In order to enable the DM-RS utilization a straight forward way is to allow the overlap between the IMR and DM-RS. This would mean that the IMR is a flexible resource, which may overlap with (consist of) ZP CSI-RS but also overlap with other signals. The UE would be configured with IMR and inside this IMR would find the necessary/various resource elements on which interference is measured, this being ZP, NZP CSI-RS or DM-RS.
Proposal 3: Allow the configuration of multiple types of interference measurement resources (ZP CSI-RS, NZP CSI-RS, DM-RS) inside the IMR.
The RAN1#86bis agreement proposes two options as follows:

· Measurement subsets in both time and frequency domain 
· Interference measurement restriction in both time and frequency domain
Each of these options has its own use cases: schemes like dynamic ICIC may rely on measurement subsets in both time and frequency. Interference measurement restrictions may be utilized by the scheduler for MU CSI acquisition and other implementation based network coordination mechanisms. 

Proposal 4: NR supports both mmeasurement subsets and interference measurement restriction in both time and frequency domain.
Proposal 5: Support measurement restriction mechanisms for both channel and/or interference measurements.
3
Conclusions
In this contribution we have provided views with respect to the channel and interference measurement in NR.
The following observations and proposals may be summarized:
Observations:

· ZP CSI-RS is a basic component which needs to be supported in NR for interference estimation

· NZP CSI-RS suffers from the assumption of isotropic signal used in the interference calculation hypothesis.

· DM-RS provides access to the dominant interferer equivalent channel but may be impacted by the scheduling delay.
· Both NZP CSI-RS and DM-RS can be used in acquiring the dominant interferer power which can be fed back to the network in form of Interference Quality Information.
Proposal 1: Consider non-zero power CSI-RS as the main candidate for channel measurements.

Proposal 2: Consider beam RS as one candidate for measurements providing early CSI feedback.
Proposal 3: Allow the configuration of multiple types of interference measurement resources (ZP CSI-RS, NZP CSI-RS, DM-RS) inside the IMR.
Proposal 4: NR supports both mmeasurement subsets and interference measurement restriction in both time and frequency domain.
Proposal 5: Support measurement restriction mechanisms for both channel and/or interference measurements.
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