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1
Introduction
During the RAN1#88 we have agreed that ZP CSI-RS resources are used for interference measurement. The latest RAN1#88bis agreement suggests several interference alternatives for further investigation as follows:
	· 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


In this contribution, we present link and system analysis for the considered interference measurements options. 
2
Link-level performance evaluation
In this section, we present the link-level evaluation results, in which multiple different methods to obtain interference measurement for CQI are compared. Link-level evaluation assumptions are presented in Appendix B. Different configurations used in simulations are presented in Figure 1 and the evaluation results are presented in Figure 2. Below configurations are covering the agreed schemes to be investigated. More precisely, CFG1/2/3 are configuring NZP CSI-RS across 3 TRPs, with the corresponding muting in other TRPs to enable quality measurements. These configurations are mainly used for CSI-RS interference emulation option A2, but for example CFG-1 is also used for obtaining the clean channel estimate and in conjunction with CFG-5, construct the LTE Rel 10 type of CQI for serving TRP1. CFG-4 consists of colliding NZP CSI-RS, this being a proposal from the previous meeting. CFG-6 is an own-DMRS configuration according to option B1, while CFG-7 is an interfering DMRS option according to option B2.
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Figure 1: Different ZP CSI-RS, NZP CSI-RS and DMRS configurations used for obtaining interference measurement for CQI.
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Figure 2: Throughput performance using different configurations to obtain interference measurement for CQI.
In the legend of Figure 2, it is stated which configuration combinations, shown in Figure 1, are used. In the brackets the number of REs per PRB per port used for interference measurement and channel estimation are stated, respectively. In case of CFG4, interference estimation and channel estimation are both computed using the same NZP CSI-RS. Different configurations are described in more detail below. 
· CFG1: 2 REs of NZP CSI-RS overlapping with ZP CSI-RS of interfering TRPs to obtain clean channel estimation for CQI.
· CFG5+CFG1: Interference measurement is obtained using 4 REs of ZP CSI-RS overlapping with PDSCH of interfering TRPs (LTE CSI-IM). CFG1 is used for channel estimation.
· CFG4: 2, 6 and 12 REs of NZP CSI-RS overlapping with NZP CSI-RS of interfering TRP. Both interference measurement and channel estimation are obtained using same NZP CSI-RS resources.
· CFG4+CFG1: CFG4 is used for interference measurement and CFG1 is used for channel estimation.

· CFG1+CFG2+CFG3: TRP2 has 2 REs of NZP CSI-RS overlapping with ZP CSI-RS of other TRPs to obtain clean channel, H2, between TRP2 and UE. Similarly, for TRP3 to obtain H3. Interference covariance plus noise matrix, without applying precoder of interfering PDSCH, is then obtained by R = H2H2H + H3H3H + n (yellow curve in Figure 2). Also, case in which (ideal) precoder of interfering PDSCH is applied to get effective channel was simulated (magenta curve in Figure 2). CFG1 is used to obtain channel estimation, H1, for CQI.
· CFG6+CFG1: Using own DMRS for interference measurement by subtracting it from Rx signal. CFG1 is used for channel estimation.
· CFG7+CFG1: Using DMRS transmitted from TRP2 and TRP3 to construct interference plus noise covariance matrix as follows: R = Heff2Heff2H + Heff3Heff3H + n. DMRS transmitted from different TRPs are orthogonal and overlapping with PDSCH. CFG1 is used to obtain channel estimation, H1, for CQI.
Based on results presented in Figure 2, the following analysis can be drawn:
· CFG5+CFG1 (LTE CSI-IM) results in overall best performance throughout the SINR range. Overhead is total of 6 CSI-RS REs per PRB per port.

· CFG4 even with 12 NZP CSI-RS REs per PRB per port cannot achieve as good performance as CFG5+CFG1. Also, clearly 2 and 6 REs are not enough to get accurate enough interference measurement and channel estimation for CQI. 

· CFG4+CFG1 results in similar or slightly worse performance compared to CFG4 alone. This implies that clean own channel estimation does not improve the CQI enough to compensate the extra overhead of 2 REs per PRB per port.

· CFG2+CFG3+CFG1 with ideal precoder knowledge of interfering PDSCH (magenta curve) performs similarly compared to CFG5+CFG1 at low SINRs (< 0 dB) and higher SINRs (> 10 dB), but performs somewhat worse in between. Without precoder knowledge (yellow curve), the performance degrades in average but is still better than CFG4 with 12 REs. Overhead is same as for CFG5+CFG1 (CSI-IM).
· CFG6+CFG1 results in good performance (slightly better than CFG5+CFG1) up to SINR of 10 dB after which there is some performance loss compared to CFG5+CFG1, but is still better than CFG4 with 12 REs. CSI-RS overhead is only 2 REs per PRB per port.
· CFG7+CFG1 results in slightly better or similar performance compared to CFG5-CFG1 at higher SINRs (> 4 dB SINR) and performance is similar to CFG4 below 4 dB SINR. CSI-RS overhead is only 2 REs per PRB per port. 
Observations:
· LTE TM10 (CSI-IM) that supports 4 REs per PRB with the ZP CSI-RS exhibits good performance in the overall SINR regime.

· Option A1 even with density of 12 REs per PRB per port shows significant performance degradation in comparison to LTE TM10 (CSI-IM).

· Option A2 shows satisfactory performance with ideal precoder knowledge of interfering PDSCH. However, some performance degradation can be observed without precoder knowledge. Performance is clearly better compared to Option A1, but is somewhat worse compared to LTE TM10 (CSI-IM).
· Option B1 shows good performance up to SINR of 10 dB after which performance degrades somewhat compared to LTE TM10 (CSI-IM) and Option A2. Performance is better than in Option A1 in the overall SINR regime.
· Option B2 shows good performance at higher SINR regime (> 4 dB), which is better or similar to LTE TM10. At low SINR regime performance is similar to Option A1.

Proposals: 
· Consider the support of both NZP CSI-RS emulation and DMRS based interference estimation.
· For NZP CSI-RS emulation, no precoder indication is needed when constructing the CQI, it is up to RAN4 to define the corresponding performance requirements and make the necessary precoder assumptions.

In the previous meeting there were concerns that DMRS based interference estimation in not possible due to the position of the DMRS. First of all, the position of DMRS is agreed to be frontloaded. This is in fact different from the NZP-CSI which is likely to be placed at the end of the slot. Secondly, it is not intended to mandate the UE in providing self-contained CSI information, but this is a different discussion which needs itsown decision process. Based on this short analysis, we believe there should be no concerns with respect to the use of frontloaded DMRS.
3
System performance

In this section, we present a preliminary system results comparing SU MIMO CQI with DMRS based CQI utilized for MU MIMO pairing. The results presented in Table 1 are considering FTP1 traffic model, Rel 14 FD MIMO codebook, while for MU MIMO CQI an additional scheduling delay of 5ms is modelled, emulating a pre-scheduling stage. Detailed simulation assumptions are presented in the appendix. We observe performance gains for the MU CQI, on the other hand we do agree that other forms of MU CQI computation are possible, including scaling of the SU MIMO CQI if available.

Table 1: MU MIMO system performance for ZP CSI-RS and DMRS based CQI computation
	
	Mean UE SE
	Cell-Edge UE SE
	Median UE SE

	SU-MIMO CQI feedback 

(5ms feedback period)
	2.41
	0.48
	1.75

	SU and MU-MIMO CQI feedback 

(5ms feedback period + 5ms scheduling delay
	2.56 (+6.2%)
	0.53 (+10.4%)
	1.91 (+9%)


4
Conclusions
In this contribution we have provided link and system performance for the channel and interference measurement in NR.
The following proposals may be summarized:
Proposals: 

· Consider the support of both NZP CSI-RS emulation and DMRS based interference estimation.

· For NZP CSI-RS emulation, no precoder indication is needed when constructing the CQI, it is up to RAN4 to define the corresponding performance requirements and make the necessary precoder assumptions.

References

[1] R1-1701100,
“On the channel and interference estimation in NR”,
Nokia, Alcatel-Lucent Shanghai Bell
[2] R1-1700921,
“Discussions on channel and interference measurements for NR”,
Samsung
[3] R1-1700753,
“About interference measurements”,
Ericsson
[4] R1-1700474,
“Discussion on interference measurement”,
LG Electronics
[5] R1-1700055,
“Consideration on interference measurement for downlink CSI acquisition
”, Huawei, HiSilicon
A
Appendix

	Parameter
	Value

	Scenario
	3D-UMi with ISD = 200m

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	According to 36.873

	eNB transmit power
	41 dBm

	eNB antenna configuration
	(M,N,P) = (8,4,2)

(dV,dH) = ( 0.8, 0.5 ) λ

The 8 vertical elements are virtualized to 2 antenna ports with an electrical tilts of 1000 using the subarray connection model in 36.873

	Duplex mode
	FDD

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes, targeting 50% RU

	UE distribution
	According to 36.873: 20% outdoor (3km/h), 80% indoor (3km/h)

	UE antenna config.
	2 Rx, cross-polar (+90/0)

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modelling

	Feedback
	Rel.14 LC codebook with L = 2 and wideband scaling

	
	CQI and RI reporting every 5ms

	
	CQI Feedback delay is 5ms for SU and MU CQIs

	Transmission scheme
	MU-MIMO with maximum UE rank of 2

	Scheduler
	PF with frequency selective scheduling

Additional scheduling delay of 5ms is modelled when using MU CQI


B
Appendix
	Link-level evaluation assumptions

	Parameters
	Values

	
	TRP1 (serving)
	TRP2
	TRP3

	Rank
	1
	1
	1

	MCS
	Follow wideband CQI (AMC)
	Random per TTI
	Random per TTI

	PMI
	Follow wideband PMI
	Random per TTI
	Random per TTI

	Interference model
	INR1 profile = [3.28 dB, 0.74 dB]

	Carrier frequency
	2 GHz

	Bandwidth / PDSCH Allocation
	10 MHz / 50 PRB

	Propagation channel / Antenna config
	ETU 5 Hz, 2x2 ULA w/ low correlation

	Receiver algorithms
	LMMSE-IRC

	Channel  estimation /  SINR estimation
	Realistic / Realistic

	Feedback periodicity
	5 ms

	HARQ
	OFF

	DMRS pattern 
	3 REs in 4th and 9th symbol. Orthogonal between TRPs.

	Subcarrier spacing / # of OFDM symbols in subframe
	15 kHz / 14


