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1. Introduction
In the RAN1 meeting #92, the following agreements and working assumptions on interference measurement were achieved:
Agreement (New RRC parameter)
Agree on the value ranges and include the following table as part of the RRC parameter update.
	RRC parameter
	Value range
	Description

	ZP-CSI-RS-ResourceConfigType
	periodic, semi-persistent or aperiodic
	Time domain behavior of ZP-CSI-RS resource configuration

	SP-ZP-CSI-RS-ResourceList
	Up to 16 ZP CSI-RS resource set IDs per BWP
	Contains list of SP ZP-CSI-RS resource set IDs
Each resource set can have up to 16 ZP CSI-RS resources  


· The maximum number of ZP CSI-RS resources per CC is 32
· The maximum number of ZP CSI-RS resources per BWP is 16
· The maximum number of ZP CSI-RS resources per ZP CSI-RS resource set is 16
Agreement:
· NZP CSI-RS based IMR is only supported when single CMR per set is configured
Agreement
Following text proposal for TS38.214 section 5.2.2.4 is agreed:
The following parameters for which the UE shall assume zero transmission power are configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
Agreement
For configuration details on trigger state for aperiodic CSI:
· Specification should capture that None equals to 1 always
Agreement
If interference measurement is performed only on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the linked resource sets.
· The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
Agreement
For P/SP CSI reporting, NZP CSI-RS based IMR is not supported.
Conclusion:
It’s up to UE implementation on how downlink interference estimation is performed.
Agreement (RRC parameter update):
For CSI acquisition, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots.
· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.
Agreement (RRC parameter update):
The proposals and TP in R1-1803523 are endorsed with the following additional details.
· The maximum number of CSI report settings configured per BWP is 12
· The maximum number of resource settings configured per BWP is 28

And the following agreement was achieved on CSI reporting regarding the latency.

Agreement:
· In Table I, (Z,Z’) values are baseline values which shall be supported by all UEs.
· All (Z,Z’) values in Table I are TBD.
· FFS whether (Z,Z’) values for low latency and high latency CSI in Table I are the same for a given numerology, in case of normal UE.
· Note. If those two values are the same for all numerology, then low and high latency is merged for normal UE. 
· In Table II, for a given numerology and CSI latency, whether or not to support the (Z,Z’) value in Table II is reported as a UE capability.
· For a given numerology and CSI latency, the (Z,Z’) values in Table II should be equal to or smaller than (Z,Z’) values in Table I.
· All (Z,Z’) are fixed in specification and the values are TBD
· If no agreement on the values for Table II can be achieved, advanced UE is not supported for Rel-15
Table1. CSI calculation time Z for normal UE.
	CSI latency
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low latency
	Symbols
	(Z1,1, Z’1,1)
	(Z1,2, Z’1,2)
	(Z1,3, Z’1,3)
	(Z1,4, Z’1,4)

	High latency
	Symbols
	(Z2,1, Z’2,1)
	(Z2,2, Z’2,2)
	(Z2,3, Z’2,3)
	(Z2,4, Z’2,4)


Table2. CSI calculation time Z for advanced UE.
	CSI latency
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low latency
	Symbols
	(Z1,1, Z’1,1)
	(Z1,2, Z’1,2)
	(Z1,3, Z’1,3)
	(Z1,4, Z’1,4)

	High latency
	Symbols
	(Z2,1, Z’2,1)
	(Z2,2, Z’2,2)
	(Z2,3, Z’2,3)
	(Z2,4, Z’2,4)




In this contribution, we share our view on the remaining issues for interference measurement for CSI, especially on the CSI-IM configuration.
2. Discussion
2.1 CSI-IM periodicity
In LTE, the minimum periodicity for periodic CSI-IM is 5ms. But in NR, the 5ms periodicity could limit the accuracy of interference measurement, especially in the scenarios with burst interference. Due to the beam forming at both the gNode B and UE side, the burst characteristics of the neighbor cell interference could be more severe. In this case, observing interference for CSI more often than only every 5 slots would be beneficial due to the dynamic interference in the network. For example, CSI-IM could be transmitted every 1 slot to provide more robust and accurate interference measurement for CSI. The periodicity of 1 slot for CSI-IM transmission is similar with interference measurement based on CRS in LTE which is present in every sub-frame.
In the previous RAN1 meetings, it has been agreed that the CSI-RS transmission periodicity could be {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots. In our view, the CSI-IM periodicity should be the same as the periodicities supported by CSI-RS. In addition, smaller periodicities should be also considered to provide more accurate interference measurements for CSI, i.e. every 1 slot.
System level simulation was performed to evaluate the performance of one slot periodicity for interference measurement, as shown in the below table. FTP traffic model is adopted with the packet size of 0.5 M Bytes. The system deployment is 57 cells with UMi channel model. From the table, better performance can be observed for one slot periodicity.
Table 1  System Level Results for Different Interference Measurement Periodicity
	Measurement period
	lambda = 100 1/s

	
	5%-tile UPT, Mbps
	50%-tile UPT, Mbps
	95%-tile UPT, Mbps
	avg UPT, Mbps
	RU, %

	5 ms
	8.48
	(0%)
	28.48
	(0%)
	67.07
	(0%)
	32.5
	(0%)
	23.89

	0 ms
	9.37
	(10%)
	30.32
	(6%)
	67.1
	(0%)
	33.83
	(4%)
	22.43


In the RAN1 #92 meeting, it has been agreed that low latency CSI reporting could be supported depending on the UE capability, as shown in Section 1.
Thus for the UE which is capable of low latency CSI reporting, it should keep updating the gNB and send CSI feedback very quickly. Considering the beam forming, the channel variation is relatively slow but the interference characteristics may vary fast. In this case, if the UE needs to feedback CSI quickly, it means that a lot of aperiodic CSI-IM and CMR should be configured and triggered if the 1 slot periodicity is not supported. Obviously it will lead to a large amount of overhead.
In contrast, with 1 slot CSI-IM periodicity, the CSI-IM could be configured only once and the overhead could be reduced. For example, the CSI-IM could be configured with 1 slot periodicity and the CMR could be configured with 5 slots periodicity. Figure 1 shows the example.


Figure 1 Example of CSI-IM configuration for low latency CSI
Thus we propose that 1 slot periodicity should be supported for CSI-IM and it is dependent on UE low latency CSI reporting capability.
The CSI-IM transmission slot configuration is shown as in Table 2, i.e. the {1} slot configuration should be added to the higher layer parameter CSI-IM-timeConfig.
Table 2  CSI-IM Slot Configuration
	CSI-IM resource periodicity in slots 
	CSI-IM resource offset in slots

	1
	0

	4
	0 – 3

	5
	0 – 4

	8
	0 – 7

	10
	0 – 9

	16
	0 – 15

	20
	0 – 19

	32
	0 – 31

	40
	0 – 39

	64
	0 – 63

	80
	0 – 79

	160
	0 – 159

	320
	0 – 319

	640
	0 – 639


Proposal 1: For periodicity of CSI-IM, NR should also support the periodicity of {1} slot. And the 1 slot periodicity should be dependent on the UE low latency CSI reporting capability.
2.2 Slot offset for CMR/IMR
In the previous meeting, some company proposed to restrict the CMR and IMR in the same slot to get meaningful CSI information. But in the current spec, the periodicity and slot offset for periodic/semi-persistent CMR and IMR are independently configured. And considering the different characteristics of channel and interference variation, i.e. the interference varies more quickly, we don’t see the need to introduce such restriction to put CMR and IMR into the same slot.
Proposal 2: The periodicity and slot offset for P/SP CMR and IMR should be independently configured.
3. Conclusion
In this contribution, we have discussed the remaining issues on CSI measurement in NR. The proposals are listed as below:
Proposal 1: For periodicity of CSI-IM, NR should also support the periodicity of {1} slot. And the 1 slot periodicity should be dependent on the UE low latency CSI reporting capability.
Proposal 2: The periodicity and slot offset for P/SP CMR and IMR should be independently configured.
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