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1
Introduction
Interference estimation is of primary importance for proper link adaptation design. Throughout the latest RAN1 agreements, it has been mentioned that issues related to the CSI acquisition framework and reference symbol design should be considered in the NR SI. Indeed, there are several questions which need to be answered such as: what is the definition which RAN1 specification needs to support when it comes to interference measurement, what are the resource elements on which interference measurement is done and how such measurements are performed. All these elements need to be considered in a unified framework of supporting multiple type of applications (eMBB, URLLC, mMTC) which have different requirements, such measurements need to perform well in various mobility scenarios, ranging from low UE mobility to high speed train. In addition, such interference measurements need to support various forms of network operation, some of these involving network coordination, one of the elements being coordinated being the interference itself. In this contribution we present an analysis on some of the above mentioned issues.
2
LTE operation
The LTE channel and interference estimation were a topic for discussion during several releases. Indeed, the later feature addition such as FeICIC, CoMP and FD-MIMO, required incremental revisits of the LTE Release 8 mechanisms. The definition as such was not changed, even that this was a topic of debate on few occasions such as during CoMP and NAICS times. Hence the RAN1 LTE specification states that: 
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

-
A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
While the definition has not suffered modifications, the resources on which channel and interference measurements are done were changed. In addition, restriction on how such measurements can be conducted have been introduced. As a short summary, LTE Release 8 is utilizing CRS for both channel and interference measurement. FeICIC has introduced the possibility of two CQI reporting, a preview of what was supposed to be later introduced as multiple hypothesis of  CoMP Release 11 and the utilization of the so called CSI-IM resources, Indeed, in CoMP, the need for multiple CQI computation hypothesis was coming from the multi-point operation where due to a versatility of CoMP schemes, the target UE needs to be exposed to the correct interference characteristics which may differ depending on the network operation such as transmission point muting, etc. Release 13 FD-MIMO has taken one step further, acknowledging the need for a more controllable, yet flexible interference measurement. The Measurement Restriction (MR) mechanism being introduced, where two types of restrictions are possible: interference measurement restriction (I-MR) and channel measurement restriction (C-MR). When I-MR is utilized in TM10, the UE computes the interference based on the latest available CSI-IM. When the C-IM is utilized, the UE is estimating the channel for the CQI based on the latest available CSI-RS. This short recap takes us to the following:

Proposal 1: Interference measurement versatility in terms of network operation as well as the measurement and controllable operation of such measurements, need to be supported in NR.
3
NR Requirements for channel and interference measurements

NR is spanning across various frequency ranges and multiple technologies are supposed to seamlessly coexist, these technologies having diverse, sometimes quite different goals. eMBB and URLLC types of traffic are targeting requirements on spatial processing, while URLLC is targeting strict reliability and latency. mMTC operation is expected to reutilize components of the design of eMBB/URLLC. The operation of eMBB and URLLC is targeting both low and high carriers and it is worth to mention a few particularities of these scenarios. It is also important to picture the interference characteristics in these scenarios.
Low carriers operation

Low carriers operation is expected to make use of wider/sector beams, similar to LTE. From a scheduling perspective, it is expected to multiplex users in frequency (wideband and frequency selective) as well as spatially (MU MIMO). Interference coordination techniques which make use of TRP selection/muting, etc are to be used at the network side, for both eMBB and URLLC types of traffic. In case of LLC operation, the latency is an important component not only from the perspective of the channel and interference measurements as such, but also because of the reporting latency. Such reporting latency issue can be solved by an advanced frame structure design, such as the “self-contained” structure where there is very short CSI processing time followed by CSI reporting as well as by advanced scheduling. For supporting network coordination type of techniques, multiple hypothesis feedback computation are a NR requirement.
Observation 1: In low carriers scenarios, the interference structure is similar as in LTE, characterized by time/frequency variations.

Proposal 2: Multiple hypothesis CSI computation and reporting need to be supported in NR.
High carriers operation
In high carriers, the transmission, and hence the scheduling, is characterized by the extensive utilization of the “beam domain”. Spatial multiplexing of the control and data plane over narrow beams will be utilized, and in addition, wideband allocation of users in such beams. Frequency selective scheduling might not have a high degree of utilization, if any, as the probability of users being on the same narrow beam is lower and the high amount of bandwidth is promising fast packet transmission, hence TDM being a more promising way of multiplexing UEs with exact same spatial characteristics. In such a beam oriented operation, the flashlights effects are more probable than in lower carriers. A fast and wideband packet transmission would also imply dynamic changes in the interference situation, however the narrow beam should aim at reducing also the interference and increasing the SINR due to the array gain and further beam pairing of the BS and UE. 
Observation 2: Flash light effects are more probable in high carrier operation.

Observation 3: Wideband CSI measurement/reporting should be prioritized for high carriers.
4
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 [1] are to a large, if not full extent, an implementation specific issue. 
4.1 
Channel measurements

As discussed in the previous section, 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 the PBCH demodulation, which can be also 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.
·  Dedicated demodulation (UE-specific) reference symbols are yet another candidate for channel measurements. In principle such DMRS are scheduled inside the UE allocation, being less flexible in terms of providing wider-than-scheduled BW CSI acquisition. However, such RS could be considered in case of CSI/CQI feedback needs to be fine-tuned.    
Proposal 3: Consider non-zero power CSI-RS as the main candidate for channel measurements.

Proposal 4: Consider BRS as one candidate for measurements providing early CSI feedback.

Proposal 5: DMRS could be considered as a candidate RS for CSI/CQI refinement. 

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. 
4.2 
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. 
However, the important zero-power CSI-RS resources considered in LTE are a strong candidate for NR interference measurements. A few advantages of ZP CSI-RS 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).

· Complement the transmission of non-zero-power CSI-RS in scenarios where accurate channel measurements are also required.

· 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. 

Proposal 6: Consider ZP CSI-RS as the main choice for interference measurement.
In addition to the interference measurement resources, the measurement restriction mechanisms of LTE are necessary to be considered as a default operation mode in NR.

Proposal 7: Support measurement restriction mechanisms for both channel and/or interference measurements.

5
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:
Observation: In low carrier’s scenarios, the interference structure is similar as in LTE, characterized by time/frequency variations.

Proposal 1: Interference measurement versatility in terms of network operation as well as the measurement and controllable operation of such measurements, need to be supported in NR.

Proposal 2: Multiple hypothesis CSI computation and reporting need to be supported in NR.
Proposal 3: Consider non-zero power CSI-RS as the main candidate for channel measurements.

Proposal 4: Consider BRS as one candidate for measurements providing early CSI feedback.

Proposal 5: DMRS could be considered as a candidate RS for CSI/CQI refinement. 

Proposal 6: Consider ZP CSI-RS as the main choice for interference measurement.
Proposal 7: Support measurement restriction mechanism for both channel and/or interference measurements.
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