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1
Introduction
Interference estimation is of primary importance for proper link adaptation design. During the Previous RAN1#86bis meeting it has been agreed that:

· For channel and interference measurement in NR, 
· For interference measurement, support at least one of following schemes:
· Measurement subsets in both time and frequency domain 
· Interference measurement restriction in both time and frequency domain
· FFS on channel measurement
· FFS on the details (including whether measurement subset is equivalent to measurement restriction in the freq. domain)
· Study CSI reporting which is optimized for each use case
· E.g. CQI which is targeted to high reliability
· For DL data transmission, study following interference measurement options for CSI acquisition.
· Dynamically assigned (e.g., pre-committed/pre-scheduled) interference measurement resource
· In-scheduled interference measurement resource
· NZP CSI-RS based interference measurement
· DM-RS based interference measurement
· Combination of above options
· Other options are not precluded
· Above study should assume non-full buffer traffic model assumption
In RAN1#87 we have further agreed the following:

· NR supports CSI calculation based on one-shot measurement of interference.

· For one-shot interference measurement, study at least one of the following alternatives:

· Alt1. Dynamic indication of aperiodic IMR.

· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.

· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.

· Other alternatives are not precluded

· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic

· Note that the connection of the above alternative(s) with measurement setting is a separate topic
· NR to study interference measurement and reporting mechanism by capturing same-link and cross-link interference in TDD systems for both DL and UL transmissions

In this contribution we present an analysis on some of the above mentioned issues.
2
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.
In the previous RAN1#86bis meeting we have agreed a flexible CSI framework where N CSI reporting setting can be configured along M RS settings. This fits the LTE concept of multiple interference hyphothesis, allowing for more scheduling flexibility as one CSI reporting setting can be configured with multiple RS settings. 
Proposal 1: Multiple hypothesis CSI computation and reporting should be supported using the agreed flexible CSI framework.
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. 
Proposal 2: Wideband CSI measurement/reporting should be prioritized for high carriers.
3
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. 
3.1 
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 beam RS 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. 
3.2 
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.
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 7: NR supports both mmeasurement subsets and interference measurement restriction in both time and frequency domain.
Proposal 8: Support measurement restriction mechanisms for both channel and/or interference measurements.
3.3 
Advanced Interference measurements
By advanced interference measurements we refer to the identification of the dominant interference (effective channel of the dominant interferer) and either its utilization in the UE or its feedback to the BS for the purpose of aiding the network interference coordination. From the UE receiver perspective, the dominant interferer can be utilized by the so called enhanced LMMSE-IRC receiver. The identification of the dominant interferer could be achieved in several ways. One solution is by providing to the target UEs, the means to estimate the dominant interferer effective channel, as straight forward way being proving access to dedicated reference symbols which aid such effective channel estimation. Such interference estimation RS could be of low density and could complement the ZP CSI-RS, being part of the new IMR. Note that in the operation of enhanced LMMSE IRC, both dominant interference and residual interference are needed. 

Proposal 9: support enhanced interference measurements (e.g. DIR of the dominant interferer)
4
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:
Proposal 1: Multiple hypothesis CSI computation and reporting should be supported using the agreed flexible CSI framework.

Proposal 2: Wideband CSI measurement/reporting should be prioritized for high carriers.

Proposal 3: Consider non-zero power CSI-RS as the main candidate for channel measurements.

Proposal 4: Consider beam RS 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: NR supports both mmeasurement subsets and interference measurement restriction in both time and frequency domain
Proposal 8: Support measurement restriction mechanisms for both channel and/or interference measurements.
Proposal 9: Support enhanced interference measurements (e.g DIR of the dominant interferer).
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