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1 Introduction
In the RAN1 #88bis meeting, the interference measurement design was discussed and the following working assumption regarding interference measurement resource was made [1].Based on the working assumption, in the RAN1 #Adhoc2 meeting, several discussions took place [2]. But, sofar, there is no consensus regarding the issue.
Working assumption:

· Support at least NZP CSI-RS based interference measurement 

· select at least one of following scheme

· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)

· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· Aim to conclude whether to support one of them or both in the next RAN1 meeting

· FFS whether or not to support signaling of power boosting for NZP CSI-RS

· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting

· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)

In this contribution, we consider accurate interference measurement scheme for NR.
2 Discussion
In RAN1 #88 meeting, ZP CSI-RS was supported for the NR. In RAN1 #88bis meeting, RAN1 identified NZP CSI-RS and DMRS are alternatives as an interference measurement resource. In RAN1 #89 meeting, RAN1 recognized that to identify a use case (Scheme-1, Scheme-2) of NZP-CSI-RS is needed to decide whether NZP CSI-RS is usefulness.

The scheme-1 requires UE calculation of subtracting CSI-RS signal from Rx signal. It means that the target of interference estimation is unclear. Each interference origin cannot be decomposed. Under a system using huge antenna gain, actual received interference level due to other user’s data highly depends on whether the other user’s data transmission with assumed interference beam actually comes in accordance with network side scheduler. Therefore, schemet-1 result in to bring a large gap between expected interference level and actual interference level. It is not suitable scheme for NR MIMO IMR.
 In scheme2,UE can directly evaluate interference level from received NZP CSI-RS. There is no calculation burden on UE to get interference level. But it has same situation as scheme-1 in terms of actual user data transmission. Accuracy of the schem-2 interference evaluation also highly depends on a actual user transmission in accordance with a scheduler. Unlike the scheme-1,in the scheme-2, it is easy to adjust interference measurement result according to the scheduling information when scheduling information can be exchanged among TRPs/gNodeBs.Scheme-2 can identify a interference level associated with each beams. It means that many CSI-RS resources are required and UE has to monitor many CSI-RS. To reduce the resources and the UE burden, in Scheme-2, only limited dominant interference should be measured .

Proposal 1: NR should support NZP CSI-RS assuming the scheme-2 use case.
Table 1 comparison of Scheme-1 and Scheme-2

	Aspects
	Scheme-1
	Scheme-2

	UE calculation burden
	high
	low

	Target of interference measurement
	Arbitrary
	limited dominant interference(But, weak interference can be evaluated with ZP CSI-RS)

	Scheduling information utilization
	impossible
	possible


Using the scheme-2, for accurate interference measurement, it is important to take into account dynamic scheduling of the user data transmission. The interference measurement result needs to be modified/adjusted according to the situation of the dynamic user data scheduling. In order to do that, it is important to split the measurement procedure into two steps.

For the first step procedure, UE performs multiple interference measurements corresponding to significant beams in terms of dominant interference(above certain power level) from neighboring TRPs/gNodeBs. The first step procedure is related to relatively semi static interference aspect. For the second step procedure, Each TRP exchanges an information each other regarding predicted user data scheduling via non ideal/ideal backhaul. After that, each TRP calculate dominant interference level for a UE using both predicted scheduling information and measured dominant interference element. The second step procedure is related to dynamic interference aspect. 
Proposal 2: NR should support advanced emulation of interference measurement such as two step interference calculation scheme comprising dominant interference measurement(Scheme-2) and its adjustment using expected scheduling plan from neighboring TRPs/gNodeBs.
In the scheme-2,the main motivation is to get dominant interference rather than small level interference. To get dominant interference, we need to confirm that the NZP CSI-RS in DL beam management can be reused to reduce RS overhead.

Proposal 3: For the scheme-2, RAN1 should confirm that the NZP CSI-Rs in DL beam management can be reused.
In the scheme-2,the main motivation is to get dominant interference rather than small level interference. For dominant interference measurement, NR can use NZP CSI-RS. For weak level interference measurement NR can use existing ZP CSI-RS(already agreed).The problem here is that the NR needs to identify which beams are categorized into dominant interference/weak interference. One possible scheme is to beam categorization in accordance with TRP coordination in terms of scheduling information exchange. The beams inside TRP coordinated TRP area would be dominant interference. The other scheme is to use power level threshold. For example, the beams under certain threshold level of receive power would be weak interference.

Proposal 4: NR should specify a mechanism to identify dominant and/or weak interference.
Figure 1 shows overview of dominant interference measurement using NZP CSI-RS and its adjustment using exchanged scheduling information and weak interference measurement using ZP CSI-RS.
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Figure 1 Overview of dominant interference measurement and weak interference measurement 
3. 
Conclusions
In this contribution, the following observations and proposals are made:
Proposal 1: NR should support NZP CSI-RS assuming the scheme-2 use case.
Proposal 2: NR should support advanced emulation of interference measurement such as two step interference calculation scheme comprising dominant interference measurement(Scheme-2) and its adjustment using expected scheduling plan from neighboring TRPs/gNodeBs.
Proposal 3: For the advanced emulation of interference measurement based on Scheme-2, the NZP CSI-RS in DL beam management  should be reused to identify the dominant interference element.
Proposal 4: NR should specify a mechanism to identify dominant and/or weak interference.
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