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Introduction
In RAN1 Ad-Hoc meeting 1901 in Taipei, it was agreed that both RSSI and SRS-RSRP for CLI measurement is supported [1]. However, such measurements cannot directly be used by the gNB to perform link adaptation, and therefore their utility may be limited. In this contribution, we propose that in addition to the agreed RSSI and SRS-RSRP measurements, enhanced CQI reporting can be considered.
Discussion
On a high-level, a CLI measurement requires two things to be defined: an interference measurement resource (IMR) and a measurement quantity. The IMR indicates which time and frequency resources are to be used for the measurement and, if the measurement is RS-based rather than energy-based, also the reference signal sequence. The measurement quantity can either be based solely on the measurement itself (e.g. “the linear average of the received power in the IMR” expressed in dBm) or, it can relate to another measurement such as a channel measurement on a channel measurement resource (CMR) (for instance SINR or CQI type of measurement). 
In fact, the already existing CQI measurements is a suitable baseline for any new UE-to-UE CLI measurements. The existing CQI measurements are based on an IMR called the CSI-IM which can either occupy a 4x1 or 2x2 RE pattern flexibly placed within a slot. The time-domain behaviour of the CSI-IM is either periodic or aperiodic (or semi-persistent) and can be used with either periodic or aperiodic (or semi-persistent) CQI report. Based on configuring different CQI reports with the same CMR but with corresponding periodic CSI-IM resources in different slots/symbols, or by triggering aperiodic CQI report with aperiodic CSI-IM in different slots/symbols, CQI reports corresponding to different UE-to-UE CLI hypotheses can be obtained. 
[bookmark: _Toc534997508][bookmark: _Toc1146999]Existing CQI report is a form of cell/slot-level UE-to-UE CLI measurement and should be considered the baseline scheme for any enhancement proposal
Multi-IMR CQI measurement
While the existing CQI measurements can capture different UE-to-UE interference hypotheses by the triggering or configuration of CSI/CQI reports with their respective CSI-IM in different slots, the flexibility is limited in Rel-15. This is due to that only a single CQI value (per codeword) is included in the CSI report and so the CSI report can only capture a single UE-to-UE interference hypothesis. If CSI corresponding to more interference hypotheses is desired, multiple CSI reports need to be obtained. This is problematic for the following reasons. First of all, the number of different CSI reports a UE can be configured with is limited by the UE capability which only allows up to 4 different CSI Report Settings per time-domain behaviour (corresponding to up to 4 different evaluated interference hypothesis), which may be too limiting for Rel-16. Second, utilizing multiple independent reports is wasteful both in terms of UCI overhead as well as the associated cost of triggering and/or configuring multiple CSI reports. As we are only interested in determining the difference in terms of interference level for the different UE-to-UE interference hypotheses, it is only necessary to compare the CQI across the different reports, i.e. the other CSI content, such as in particular the payload heavy PMI, is expected to stay the same for the different reports and hence it is wasteful to repeat the PMI payload in each CSI report.
[bookmark: _Toc534997509][bookmark: _Toc1147000]Utilizing multiple Rel-15 CQI reports for UE-to-UE interference measurements suffers from CSI payload repetition and limited UE capability in supported number of configured CSI Report Settings
A simple enhancement to overcome these limitations in Rel-16 can be to introduce a “multi-IMR CQI” report quantity, which associates multiple CSI-IM resources (IMRs) with each NZP CSI-RS resource for channel measurement (CMR) and wherein the UE reports a separate CQI for each IMR.
Consider the example illustrated in Figure 3, where three neighbouring cells (Cell A, Cell B and Cell C) have different instantaneous UL/DL configurations due to dynamic TDD operation. Each slot thus experiences different CLI characteristics. A UE which is served by cell A can then be configured with a multi-IMR CQI report with three different IMRs, placed in slots 3, 5 and 6 respectively (corresponding to the different possible CLI “states” of the neighbouring cells). The UE is however only configured with a single CMR. For the CSI report, the UE determines a single PMI/RI, but a separate CQI for each configured IMR (and CW). The serving gNB can then, based on the reported CQI values, determine to only schedule the UE in some of the slots which experiences a favourable CLI situation and can furthermore directly apply the corresponding reported CQI for link adaptation in the scheduled slot.  As RI can be dependent on the interference level, the single set of reported RI/PMI can be conditioned on a reference CSI-IM resource, such as the first resource or the resource indicated by CRI. 
[bookmark: _GoBack][image: ]
[bookmark: _Ref534628513]Figure 3: Illustration of multiple IMRs placed slots which experience different levels of CLI
Thus, the enhanced multi-IMR CQI report enables cell/slot-level interference avoidance CLI mitigation schemes as well as improved link adaptation. The spec impact is low, since the UE can already be configured with a set of CSI-IM resources for interference measurement in the Resource Setting associated with a CSI Report Setting. As the reported CQI values can be used directly for link adaptation, multi-IMR CQI has an edge over (cell/slot-level) RSSI measurements which require another mechanism to correct the link adaptation, therefore multi-IMR CQI is preferred for cell/slot-level measurement granularity from this aspect. 
[bookmark: _Toc534997510][bookmark: _Toc1147001]A simple enhanced multi-IMR CQI report can enable cell/slot-level CLI interference measurements with very limited spec impact.
We therefore make the following proposal.
[bookmark: _Toc534997517][bookmark: _Toc1127268]
· To enable cell/slot-level CLI mitigation schemes, introduce a new “multi-IMR CQI” CSI report quantity:
· A CSI Report Setting is linked with a Resource Setting for IM containing a CSI-IM resource set with N resources
· A CSI Report Setting is linked with a Resource Setting for CM containing a NZP CSI-RS resource set with a single CSI-RS resource
· A single PMI/RI is calculated conditioned on the single CSI-RS resource and a reference CSI-IM resource
· A set of N CQIs are calculated, with each CQI corresponding to its associated CSI-IM resource

[bookmark: _Toc857710]Conclusion 
In this contribution we have presented a proposal on multi-slot/IMR CQI report for UE-to-UE CLI measurements. The following observations have been made:
Observation 1	Existing CQI report is a form of cell/slot-level UE-to-UE CLI measurement and should be considered the baseline scheme for any enhancement proposal
Observation 2	Utilizing multiple Rel-15 CQI reports for UE-to-UE interference measurements suffers from CSI payload repetition and limited UE capability in supported number of configured CSI Report Settings
Observation 3	A simple enhanced multi-IMR CQI report can enable cell/slot-level CLI interference measurements with very limited spec impact.

Based on these observations, the following is proposed:
Proposal 1
·  To enable cell/slot-level CLI mitigation schemes, introduce a new “multi-IMR CQI” CSI report quantity:
· A CSI Report Setting is linked with a Resource Setting for IM containing a CSI-IM resource set with N resources
· A CSI Report Setting is linked with a Resource Setting for CM containing a NZP CSI-RS resource set with a single CSI-RS resource
· A single PMI/RI is calculated conditioned on the single CSI-RS resource and a reference CSI-IM resource
· A set of N CQIs are calculated, with each CQI corresponding to its associated CSI-IM resource
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