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1. Introduction
At the previous meeting (RAN1 Ad-hoc NR#3), NZP CSI-RS based channel and interference measurement was extensively discussed, and the following agreement was achieved [1]
[bookmark: _Ref129681832]Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

To facilitate the down-selection, this contribution firstly analyzes and compares the two alternatives from different aspects, and then provides our views. 
2. Discussion
In the last RAN1 meeting it was agreed to let gNB choose the precoder to be applied on NZP CSI-RS for IM. Thus one UE can treat the NZP CSI-RS as the emulation of PDSCH transmission for other UEs, including MU paired UEs and UEs in interfering cells. It provides the possibility to accurately capture the inter-user interference. 
For Alt. 1, one NZP CSI-RS resource is configured for both channel and interference measurement. Hence, on the CSI-RS resource, gNB would transmit beamformed CSI-RS for each UE in the MU group. One UE in the MU group could estimate channel to obtain the intended signal, as well as MU interference by discounting (such as subtracting) its own intended signal from the received signal. For instance, from UE k ‘s perspective, the received signal on the NZP CSI-RS may be expressed as

where  is the MU interference,  represents inter-cell interference, and  represents  thermal noise. It should be noted that when the NZP CSI-RS resource is aligned between surrounding cells as in Figure1, and each cell follows the same mechanism to transmit NZP CSI-RS, the term  actually reflects the inter-cell interference on the future PDSCH subframe. Hence Alt. 1 can accurately capture the interference on the future PDSCH, including both MU interference and inter-cell interference. 
One potential argument that might be used to against Alt. 1 is that the performance of channel estimation would be impacted since the NZP CSI-RS resource would be colliding between MU users and neighbor cells. However, the MU interference and inter-cell interference are much smaller compared to own channel in general cases, where the MU precoding on the interference is (nearly) orthogonal to the UE’s channel.  For the impact of inter-cell interference on channel estimation, we had provided analysis and link level simulation results to show the MSE of channel estimation under various channel model and SNR regions [2]. In conclusion the channel estimation accuracy is not an essential issue. Even in some special cases with a comparable interference, the interference may also be avoided by assigning different CSI-RS ports to different users.
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Figure 1: Configurations of NZP CSI-RS resources in surrounding cells
Observation1: If NZP CSI-RS resources are aligned between MU users and surrounding cells, the interference on the NZP CSI-RS would reflect the actual MU and inter-cell interference on the future PDSCH subframe.

For Alt. 2, UE can be separately configured with NZP CSI-RS resources for channel estimation and interference measurement. However, whether the NZP CSI-RS resources for channel estimation and for interference measurement can be overlapped or partially overlapped should be clarified. It would impact the amount of resource consumption and UE behavior to measure interference. 


If overlapping of NZP CSI-RS resources for channel estimation and interference measurement is not allowed, the typical NZP CSI-RS configuration in a cell is shown in Figure2. From a cell perspective, three beamformed CSI-RS would be transmitted, where the beamformers for the NZP CSI-RS resource#0, #1, and #2 would be particularly configured for UE0, UE1, and UE2. From one UE (e.g., UE0) perspective, NZP CSI-RS resource #0 is configured for channel estimation, and resources #1 and #2 are for interference measurement. Thus the signals on NZP CSI-RS resource #1 would include inter-user MU interference from UE1, as well as inter-cell interference if neighbor cells are not muted, i.e., . Similarly, the NZP CSI-RS resource #2 would include interference from UE2 and inter-cell interference. .
 [image: ]
Figure 2: Example of configuration of NZP CSI-RS resources in Alt.2 with non-overlapping between IM and CE 

One issue here is how to handle two IM resources to get the effective interference. If the powers on two IMs are summed up, the inter-cell interference would be double counted. One solution is to assume that the IM resources would collide with PDSCH of neighbor cells. The inter-cell interference can be obtained from additionally configured ZP CSI-RS resource as shown in Figure3. Thus the effective interference for UE0 can be obtained by .
[image: ]
Figure 3: Configuration of NZP CSI-RS resources and ZP CSI-RS resource solves double counted inter-cell interference, where both ZP and NZP CSI-RS resources are assumed to collide with PDSCH of neighbor cells

However, in our view this configuration is based on the assumption that inter-cell interference is flat in the time domain. This assumption actually does not hold. Dynamic scheduling in each cell would make the inter-cell interference change quickly. Hence the performance of this scheme will be worse than Alt.1, which can accurate probe inter-cell interference.
Observation2: If NZP CSI-RS resources for channel estimation and interference measurement are not overlapped in Alt. 2, one additional ZP CSI-RS resource is required in order to solve the double counting issue. Moreover, it cannot reflect the inter-cell interference that would appear on future PDSCH subframe.

If NZP CSI-RS resources for channel estimation and interference measurement can be overlapped,  at least one of NZP CSI-RS resources is used for both channel and interference measurement, and the other NZP CSI-RS resource for interference measurement, which is shown in Figure5.
[image: ]
Figure 5: Example of overlapped NZP CSI-RS resources between IM and CE.
The purpose of allowing this configuration is to reduce the overhead of NZP CSI-RS resources and enable UE to predict inter-cell interference. 
For instance in Figure 5, in a cell, for UE0, NZP CSI-RS resource#0 is configured for both channel and interference measurement. NZP CSI-RS resources#1 and #2 are configured for interference measurement, which actually carry the NZP CSI-RS for UE1 and UE2 for their individual channel estimation and interference measurement. So UE0 can estimate its own channel on the configured NZP CSI-RS resource#0 and obtain interference by discounting its own channel. 
It is known that in the non-overlap scheme as shown in Fig.2, more UEs in MU pairing requires more NZP CSI-RS to avoid the collision of channel and interference. However, if NZP CSI-RS resources for channel and interference can be overlapped, the same NZP CSI-RS resources as shown in Fig.5 can be shared by more UEs in MU pairing in addition to UE0/1/2.
With NZP CSI-RS resource overlapped for channel and interference measurement, inter-cell interference can be accurately estimated. As shown in Figure 6, the NZP CSI-RS resources between cells are aligned. Then, for each UE, MU-interference and inter-cell interference can be obtained in NZP CSI-RS resources. As an example, for UE0 in cell0, from NZP CSI-RS reource#0 (overlapped resource for channel and interference), channel and part of exact inter-cell interference associated with actual scheduling can be obtained; from NZP CSI-RS resource#1, MU-interference from UE1 and second part of inter-cell interference can be obtained; from NZP CSI-RS reource#2, MU-interference from UE-2 and the third part inter-cell interference can be obtained. So, with discounting the own channel, the remaining (sum over different NZP CSI-RS resources) is the total MU-interference and the exact inter-cell interference associated with the actual scheduling.

[image: ]
Figure6: When NZP CSI-RS resources are aligned between cells, overlapped NZP CSI-RS can accurately predict inter-cell interference
From the above discussion, when NZP CSI-RS resources for channel estimation and interference measurement can be overlapped, the UE behavior is quite similar with Alt. 1, and the required NZP CSI-RS resources for interference measurement are less than the case that overlapping is not allowed.
[bookmark: OLE_LINK32]Observation3: If NZP CSI-RS resources for channel estimation and interference measurement can be overlapped in Alt. 2, the required NZP CSI-RS resource overhead for interference measurement would be quite less than the case that overlapping is not allowed, and the exact inter-cell interference can be measured.
Based on the discussion above, Alt.1 and Alt.2 with overlapped resources for CE and IM have the similar capability to predict MU and inter-cell interference. Alt. 1 is simpler from the specification perspective, hence we propose 
Proposal: Support Alt. 1, a single CSI-RS resource for both channel and interference measurement. 

3. Performance evaluation 
As we discussed above, if NZP CSI-RS resources for channel estimation and interference measurement are not overlap in Alt. 2, inter-cell interference measured on subframe n would not reflect the real inter-cell interference on subframe n+k. Some performance loss would be anticipated compared with Alt.1. 
To demonstrate the performance, we carry out system level simulations. For Alt. 1, one NZP CSI-RS resource is configured and is shared by a group of UEs. With prior SU CSI, some UEs are paired together. Based on pre-scheduling information, network assigns different ports in this NZP CSI-RS resource to different UEs belonging to this MU group. In addition, the NZP CSI-RS resource is aligned between gNBs. For Alt. 2, one ZP CSI-RS resource is configured to address the above mentioned double counting issue. It should be noted that the interference on ZP CSI-RS actually reflects the interference situation on current subframe instead of future PDSCH subframe.
The simulation assumptions are listed in table1 in Appendix, and simulation results are shown in Figure4. 
[image: ] [image: ]
Figure 4.  Performance comparison between Alt. 1 and Alt. 2 under UMi with 16 Tx ports
From the simulation results we observe that Alt. 1 shows about 10% gain over Alt. 2 for cell average UPT, and about 40% gain for 5% UPT. The gain is mainly from accurately probing inter-cell interference. One may argue that using ZP CSI-RS, the inter-cell interference can be probed as well. It probably works but at the cost of large number ZP CSI-RS resources, because each ZP CSI-RS resource needs to collide with NZP CSI-RS resource in one neighbor cell. The resource consumption of so large amount of ZP CSI-RS would make this method less efficient.
Observation 4: Due to inability to accurately capture fast changing inter-cell interference, Alt. 2 configured with one ZP CSI-RS resource has 10% and 40% loss on cell average and cell edge UPT compared with Alt. 1.

4. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we analyse and compare the two alternatives for interference measurement, and have the following observation and proposals: 
Observation 1: If NZP CSI-RS resources are aligned between MU users and surrounding cells, the interference on the NZP CSI-RS would reflect the actual MU and inter-cell interference on the future PDSCH subframe.
[bookmark: _GoBack]Observation 2: If NZP CSI-RS resources for channel estimation and interference measurement are not overlapped in Alt. 2, one additional ZP CSI-RS resource is required in order to solve the double counting issue. Moreover, it cannot reflect the inter-cell interference that would appear on future PDSCH subframe.
Observation3: If NZP CSI-RS resources for channel estimation and interference measurement can be overlapped in Alt. 2, the required NZP CSI-RS resource overhead for interference measurement would be quite less than the case that overlapping is not allowed, and the exact inter-cell interference can be measured.
Observation 4: Due to inability to accurately capture fast changing inter-cell interference, Alt. 2 configured with one ZP CSI-RS resource has 10% and 40% loss on cell average and cell edge UPT compared with Alt. 1.

Proposal: Support Alt. 1, a single CSI-RS resource for both channel and interference measurement.
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Appendix 
Table 1. Simulation assumptions for Figure 3
	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor
20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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