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1. Introduction
In RAN1#86bis meeting, a WF on the interference measurement and reporting for NR [1][2][3][4][5] is discussed and agreed as follows:
	Agreements:
· 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

Agreements:
· A CSI-RS resource set should be studied whereby CSI-RS resources within the set may be dynamically shared amongst users 
· Study CSI-RS resources configuration in 2 steps 
· Step 1: Pre-configure a set of K CSI-RS resources for one or more users through UE-specific RRC configuration
· Step 2: For a given user, dynamically indicate N out of K (where N >= 1) of the CSI-RS resources from the set to enable CSI measurement in a given time window
· Study the following alternatives
· Alt 1: Dynamic signaling through DCI
· Alt 2: Dynamic signaling through MAC CE
· The CSI-RS transmissions can be dynamically indicated as one shot or multi-shot within the window
· The configured CSI-RS resource pool can be used for channel/interference measurement
· Configure multi sets of CSI-RS resources for one UE

Agreements:
· 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

Agreements:
· 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

Agreements:
· 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 this contribution, we discuss the views on CSI acquisition for NR-MIMO.
2. Interference types considering multi-beam operation 
Considering analog beamforming in NR, there would be four types of interference to be considered. Figure 1 depicts the interference types explained below.
A. Intra-TRP inter-beam interference: One type of the intra-TRP interference, and it is a new type of interference to be considered. It represents the interference between different analog beams from the same TRP, where the beams can be originated from different antenna panels. This type of interference can be controlled by serving TRP.
B. MU interference: Another type of the intra-TRP interference. This interference is originated by transmitted signal for co-scheduled UE(s) within the same analog beam. Since higher order MU-MIMO can be considered in NR, the impact can be more severe than LTE. Note that simultaneous transmission to the UEs on different analog beams are treated as inter-beam interference. This type of interference can be controlled by serving TRP as well.
C. Inter-TRP interference: In case of single beam operation, this corresponds to conventional inter-cell interference. If neighbor TRP operates with multiple beams, each beam can cause different interference so that it increases the number of interference sources. In addition, as explained above, analog beam at the same TRP can act like separate aggressors in NR environment, thus the number of aggressors is expected to be much larger than LTE case. This interference can also be considered as inter-beam interference, except that the interference from beams of interference TRP may not be controlled by the serving TRP.
D. UE-to-UE interference: in TDD case, DL transmission to a UE can be interfered by the UL transmission of the UE in adjacent cell. Considering that UL beamforming is introduced in NR, this interference can be more significant than LTE environment.
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Figure 1. Interference types for NR-MIMO
These four types of interference have to be considered in NR, considering the different characteristics among interference types, e.g. the interference controllability by the serving TRP. Direction of analog beam may change on subframe-level, and interference measurement method to track those changes of interference may be required, for inter-beam, inter-TRP, and UE-to-UE types. Interference coordination is also an important area we should take care of.
Proposal 1: In TDD, UE-to-UE beam interference should be considered as well as intra-TRP inter-beam, MU, and inter-TRP interference.

3. Discussion on interference feedback method
Measured interference is typically included in the CQI calculation as a form of measured interference power. It does not require additional feedback and can reflect the UE-side interference rejection capability. This approach may have limitation on reflecting multiple interference hypotheses, so that it can be extended in a straightforward way by reporting multiple CQIs with different interference hypotheses. In this approach, TRP-side interference handling is limited due to the lack of interference information. 
For another approach, measured interference information can be reported separately from CSI for serving TRP/beam. Both explicit and implicit feedback can be considered. For example, estimated interference channel can be reported explicitly to TRP, or preferred/non-preferred precoder information for interfering TRP/beam can be reported implicitly. This additional feedback information can enable TRP-side handling of interference. 
Abovementioned approaches, however, should be addressed and compared carefully by taking increased feedback overhead and CSI computation complexity into account.
Observation 1: Interference feedback methods seems to be needed for multiple interference hypotheses in NR. Required amount of feedback and CSI computation should however be taken into account.

4. Discussion on interference measurement methods
For interference measurement resource (IMR), ZP-CSI-RS based IMR and NZP CSI-RS based IMR can be considered. Interference for ZP-CSI-RS based IMR can be formed from actual data transmission at the IMR. It is appropriate for the interference with semi-static interference hypotheses from large number of UEs in average-sense, therefore its target environment is inter-cell interference. Interference power measurement based on ZP-CSI-RS based IMR is used in LTE and proved to work well for inter-cell interference, and is expected to be appropriate at least for the single beam based operations (e.g. below 6GHz operations). 
Proposal 2: ZP-CSI-RS based interference measurement is considered as baseline for NR interference measurement resource.
Considering the MU interference, however, interference hypothesis may include some UEs that are not transmitting data, so there is no way to measure the interference from such UEs if ZP-CSI-RS based IMR is used only. With NZP CSI-RS based IMR, TRP can emulate interference of any combination of UEs with beamformed CSI-RS transmission at the IMR, even if some UEs are not transmitting data. In addition, if interference channel measurement and reporting is introduced, NZP CSI-RS based IMR is required. 
Explained above, ZP-CSI-RS based IMR and NZP CSI-RS based IMR may be used complementarily. ZP-CSI-RS based IMR is useful to reflect small number of semi-static interference hypothesis from large number of UEs, so is adequate to measure inter-cell interference. NZP CSI-RS based IMR is useful to reflect interference hypothesis according to future data scheduling of specific UE combinations, so it is adequate to controllable interference such as MU and inter-beam interference. Therefore, both NZP CSI-RS based IMR and ZP-CSI-RS based IMR can be considered in NR for interference measurement.
Proposal 3: Consider both NZP CSI-RS based IMR and ZP-CSI-RS based IMR for measurement of controllable and non-controllable interference.

Frequency granularity for CSI is discussed in our companion contribution [6]. Similar idea can be applied to IMR as well. Three types of frequency granularity for IMR can be considered, that is, wideband, partial band, and subband IMR as following, depicted in figure 2:
· Wideband for IMR: Wideband size is determined by UE capability of transmitting/receiving UL/DL signal. Location of wideband could be configurable by network.
· Partial band for IMR: Partial band size is configurable by network or determined by numerology or scheduling time unit.
· Partial band size is smaller than or equal to wideband size.
· Subband for IMR: Subband size is fixed, configured, or determined by the size of system bandwidth, wideband, or partial band, where system bandwidth, wideband, or partial band is divided almost evenly by multiple subbands.
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Figure 2. IMR with different types of frequency granularity.
Proposal 4: Consider three different frequency granularities for IMR.

Candidate resources for the partial band IMR can be pre-configured by higher layer, whereas, resources for the subband IMR may be dynamically indicated within a partial band or a wideband. Especially, frequency granularity for IMR can be configured independently from CSI-RS for flexibility, as proposed in [6]. 

5. Conclusion
This contribution discussed views on interference measurement and reporting for NR-MIMO. Following observations and proposals are given, based on the discussion:
Observation 1: Interference feedback methods seems to be needed for multiple interference hypotheses in NR. Required amount of feedback and CSI computation should however be taken into account.

Proposal 1: In TDD, UE-to-UE beam interference should be considered as well as intra-TRP inter-beam, MU, and inter-TRP interference.
Proposal 2: ZP-CSI-RS based interference measurement is considered as baseline for NR interference measurement resource.
Proposal 3: Consider both NZP CSI-RS based IMR and ZP-CSI-RS based IMR for measurement of controllable and non-controllable interference.
Proposal 4: Consider three different frequency granularities for IMR.
___________________________________________________________________
Reference
[1] R1-1610898, WF on coordinated transmission in NR, LG Electronics, Huawei, HiSilicon, Samsung
[2] R1-1610907, WF on CSI-RS pooling, Ericsson, Samsung, LG, Nokia
[3] R1-1610517, WF on CSI Measurement and Reporting, Huawei, HiSilicon, Ericsson, Qualcomm
[4] R1-1610906, WF on channel and interference measurements for NR, Samsung, Intel, Qualcomm
[5] R1-1610950, WF on interference measurement for CSI acquisition, Qualcomm, Huawei, HiSilicon, Samsung
[6] R1-1611825, Frequency granularity of NR CSI components, LG Electronics

image1.emf
A.Inter-beam interference

B. MU 

Interference

C.Inter-TRP 

interference

D. UE-to-UE 

interference


image2.emf
: partial band with different numerology for specific services

: wideband IMR : partial band IMR : subband IMR

URLLC

eMBB

eMBB

Maximum band 

where UE can 

transmit/receive 

data

Partial

band

Partial

band

Sub

band

Sub

band

Sub

band

Sub

band

Sub

band

Wide

band


