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Introduction
On RAN1#88b, several candidate interference measurement methods have been identified. In this paper, we give our view on interference measurement. 
Agreements:
· For interference measurement, down selection from options will be conducted.
· NZP CSI-RS based
· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)
· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix
· DM-RS based
· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)
· Opt. B2: Estimation on DM-RS for other UEs
· Criteria for design and down selection are as follows.
· Required RS densities
· UE processing latency
· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.
· FFS: Whether the emulation is performed at TRP side or UE side
· FFS: RAN1 specification impact, if any, on the options above


Resources for interference measurement  
ZP CSI-RS resource has been used for interference measurement since LTE Rel.11. The benefit of using ZP-CSI-RS for interference has been extensively discussed at that time: Since all the received power on ZP CSI-RS resource REs is interference, there is no need to extract the useful signal out (in comparison to any NZP RS- based interference measurement). Such operation increases the measurement accuracy with an even simpler UE implementation. It is straight forward to adopt ZP CSI-RS for interference measurement in NR. 

Then the question is which other RSs can be used as additional resource for interference measurement. Both NZP CSI-RS and DMRS are being considered in RAN1#88b. There are pros and cons to considering DMRS and NZP CSI-RS. Table-1 summarized the pros and cons of each options. DMRS has higher density which means a better channel estimation (Although the detailed RS pattern is not yet decided, it’s very likely that DMRS will have higher density than NZP CSI-RS). On the other hand, DMRS is transmitted along with PDSCH thus unscheduled UEs can’t use it to estimate interference. More importantly, the transmission of NZP CSI-RS can be easily coordinated across multiple gNBs in a semi-static fashion while the coordination of DMRS/PDSCH transmission requires dynamic coordination. Considering that, we prefer to use NZP CSI-RS for interference measurement in NR. 

Proposal-1: Support ZP CSI-RS and NZP CSI-RS based interference measurement (Opt.A2 UE emulation) in NR
Proposal-2: Further study how to use DMRS for interference measurement in NR

Table-1 Summary of the pros and cons of RS used for interference measurement
	
	Pros
	Cons

	Opt. A1 (NZP-CSI-RS for IM)
	No need to have separate RSs for interference measurement 
	Require high density NZP-CSI-RS to guarantee an accurate own signal and interference measurement
System load is incorporated in the measurement in statistic way, it’s hard to create an artificial interference hypothesis for coordination purpose

	Opt. A2 (Emulation on NZP CSI-RS)
	It’s easy to build artificial interference hypothesis between cells for CSI feedback. 
Reduce the number of needed NZP-CSI-RS when large number of interference hypothesis is needed.
Only semi-static coordination is needed on the configuration of NZP-CSI-RS between cells. 
	Additional complexity: UE need to implement emulation function. 

	Opt. B1 (by subtracting DM-RS from Rx signal)
	DMRS density is high enough for interference measurement 
	DMRS is transmitted together with data. Another interference measurement scheme is needed for the case where no data is transmitted. 

	Opt. B2 (DMRS for other UE)
	UE doesn’t need to do emulation
DMRS density is high enough

	Require tight coordination between gNBs on the scheduling decision. 




 Using CRI to select preferable interference source
In RAN1 NR Adhoc, CSI acquisition framework has been refined: RS and IM settings are merged into resource settings. Furthermore, CRI is agreed to select multiple resources for the CSI report. The combination of these two agreements open a door to use CRI to select both the signal and the interference resources for the CSI report. 
Figure 1 illustrates an example use case of using CRI to select both signal and interference sources. When configured by multiple NZP CSI-RS resources as interference measurement sources, the UE can use CRI to select a NZP CSI-RS resource for interference measurement. The selection is based on UE’s measurement on all the interference resources, e.g. UE may find I3 >> I2, therefore, UE selects to report the interference from I3. The detailed feedback of the selected interference source can be further decided in the work item, e.g. PMI of the NZP CSI-RS resource (for interference) can be fed back as a best/worst companion PMI. 
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Figure.1 using CRI to select the signal and interference sources for CSI report
Proposal-3: Consider to use CRI to select the NZP CSI-RS resources for interference measurement.

Conclusion
In this paper, we give our view on the beam recovery mechanism for connected UE. In particular, we propose: 
Proposal-1: Support ZP CSI-RS and NZP CSI-RS based interference measurement (Opt.A2 UE emulation) in NR
Proposal-2: Further study how to use DMRS for interference measurement in NR
Proposal-3: Consider to use CRI to select the NZP CSI-RS resources for interference measurement.
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