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Introduction
In RAN1#96, the following agreement was made [1]: 
Agreement
For interference measurement of L1-SINR, down select one of the following in RAN1#96bis
· Alt 1: dedicated ZP IMR 
· Alt 2: dedicated NZP IMR 
· Alt 3: dedicated ZP IMR and dedicated NZP IMR
Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline

Dedicated IMR for L1-SINR
As explained in [4], the type of dedicated IMR for beam measurement depends on the definition of L1-SINR. 
In TS 38.215 CSI/SSB-SINR is defined as the ratio between average signal power and average noise-plus-interference power measured based on the same CSI-RS or SSB. Essentially, the metric is defined as a ratio between average signal power (across desired channel ensembles) and average noise-plus-interference power (across interference channel ensembles). Having observed that 38.215 L1-SINR offers no performance benefit over Rel.15 L1-RSRP, another definition of L1-SINR, termed the RSRP-weighted SINR, is proposed (in the companion contribution [3]). In either case, “long-term” (longer time-domain) averaging is separately performed for channel and interference components. Such metrics are termed “long-term” metrics. 
In contrast of “long-term” metrics, CSI/CQI is considered a “short-term” metric since shorter time-domain averaging is performed, either jointly or separately, for channel and interference components. It has been argued that CSI/CQI is not suitable for beam metric because it is more complex than L1-RSRP/SINR. This argument, however, seems flawed on several fronts, e.g. the complexity issue can be easily circumvented by limiting the number of ports to 2 and assuming a fixed precoding and RI. It should also be noted that CQI, albeit using spectral efficiency and MCS as the unit, is a form of SINR as well. If the unit is indeed an issue, an SINR metric that reuses the same methodology as CQI/CQI (in terms of measurement and calculation) but in dBm can be defined.
Depending on whether “long-term” or “short-term” beam metric is used, the utility value of each dedicated IMR type (ZP and NZP) will change as evident in the following discussion. The current situation seems to suggest that if an “interference aware” beam metric is to be supported, it should be “long-term”. 
1 
2 
[bookmark: _Ref4456967]Comparing the utility of dedicated ZP and NZP IMR
For CSI acquisition, it has been known that ZP IMR works well. It essentially blanks the desired signal (channel) to facilitate accurate interference measurement by the UE. The accuracy comes simply because there is no residual noise from the desired signal (channel). Note that since the context of this comparison is dedicated IMR, arguing that ZP IMR results in additional resource overhead is invalid. Therefore, accurate interference estimation is the main advantage of ZP IMR, be it for CSI acquisition, short-term, or long-term SINR metric. 
In Rel.15 NR, NZP CSI-RS as interference measurement resource was introduced in addition to ZP CSI-RS/IMR (analogous to LTE) for CSI acquisition. While it has been known that NZP CSI-RS tends to result in inaccurate interference estimation, it was argued (in Rel.15) that the additional benefit from ZP IMR is to facilitate “interference emulation”. However:
· Inaccurate interference measurement from NZP CSI-RS essentially comes because the desired channel component (composed of the convolution between the desired channel and the desired signal) needs to be estimated, generated, and subtracted from the total signal received across the dedicated IMR. While the desired signal is fully known (CSI-RS sequence), the desired channel needs to be estimated. However, since the frequency domain density of CSI-RS is chosen just enough to facilitate CSI acquisition rather than demodulation (i.e. CSI-RS density is significantly lower than DMRS density since CSI-RS is not intended for demodulation-aiding channel estimation), the reconstructed desired channel component is not sufficiently accurate to provide clean interference estimation. The residual desired channel component (after subtraction) remains and pollutes the interference estimation.
· By the same token, the so-called “default IMR” of NZP CSI-RS configured as CMR should also be avoided.
· Interference emulation with NZP CSI-RS mimics the signal of one or two dominant interferers for a short period of time. This could be beneficial for the following scenarios: 1) CSI acquisition wherein shorter time-domain averaging is performed, and 2) one or a few dominant interferers are present over a short period of time (i.e. bursty). However, none of these scenarios fit the bill for “long-term” beam metric. First, as argued by companies, L1-SINR should be “long-term”. Second, the presence of one or two dominant interferers in beam management is typically avoided rather than suppressed via receiver operation (unlike CSI acquisition). This is because DL beam selection is analogous to selecting a set of antenna ports used for a long time.     
· It was mentioned that NZP IMR can be more economical in terms of CSI-RS resource usage. This argument, however, is out of context since ZP and NZP IMR are both dedicated resources. Since the same set of patterns for CSI-RS is used for both ZP and NZP, there is no advantage of one over the other.   
Therefore, the so-called “interference emulation” is no longer relevant especially when “long-term” beam metric is used. Coupled with the loss of accuracy in interference measurement, dedicated NZP IMR (NZP CSI-RS) has no utility value for multi-beam operation. 
 
Observation: For multi-beam operation where “long-term” beam metric (such as 38.215 CSI/SSB-SINR or RSRP-weighted SINR) is used:
· Interference emulation is irrelevant
· If NZP IMR is used, interference estimation accuracy is unnecessarily impaired due to the need for desired channel component subtraction/cancellation exacerbated by the lower FD density of CSI-RS 
· In terms of resource utilization, both ZP and NZP IMR are dedicated resources. There is no difference in terms of resource usage.

[bookmark: _Ref4456974]Simulation results
For performance evaluation, the non-full-buffer system-level evaluation setup is used with the Dense Urban Macro scenario assuming medium (50% target RU) traffic loading scenario per the agreed EVM. SU-MIMO transmission is considered in the simulation. The relevant simulation assumptions and parameters are listed in Table 1 in the Appendix. The following beam selection metrics are simulated.
· Alt 0: Rel.15 L1-RSRP 
· Alt 1: CSI-SINR metric as in TS 38.215 
· Alt 2: the weighted L1-SINR metric as proposed in [4]. 
For Alt 1 and Alt 2, results are shown for both ZP and NZP IMR based interference measurement with 1- and 3-RE/RB FD density. The user perceived throughput (UPT) performance comparison between the three metrics is shown in Figure 1 (with dedicated IMR overhead taken into account). We can observe the following.

Observation: 
· There is significant performance degradation with NZP IMR when compared with ZP IMR (up to ~4% in average UPT). The degradation is smaller when 3-RE/RB FD density is used.
· The TS 38.215 CSI-SINR metric results in lower average and 5% UPT performance than Rel.15 L1-RSRP metric. Therefore, there is no perceivable benefit from 38.215 SINR in UPT.
· The proposed RSRP-weighted SINR metric shows large performance gain over both Rel. 15 L1-RSRP and TS 38.215 CSI-SINR metrics.  



 
[bookmark: _Ref529777388]Figure 1: User throughput performance comparison between Rel.15 L1-RSRP, TS 38.215 SINR, and weighted SINR metrics; and ZP and NZP IMR

Summary of observation and proposal
Our analysis in section 2.1 and 2.2 leads to the following observation and proposal.
Observation:
· For multi-beam operation where “long-term” beam metric (such as 38.215 CSI/SSB-SINR or RSRP-weighted SINR) is used:
· If NZP IMR is used, interference estimation accuracy is unnecessarily impaired due to the need for desired channel component subtraction/cancellation exacerbated if the lower FD CSI-RS density (1 RE/RB) is used 
· In terms of resource utilization, both ZP and NZP IMR are dedicated resources. There is no difference in terms of resource usage.
· [bookmark: _GoBack]There is significant performance degradation with NZP IMR when compared with ZP IMR (up to ~4% in average UPT). The degradation is smaller when 3-RE/RB FD density is used. 
· The TS 38.215 CSI-SINR metric results in lower average and 5% UPT performance than Rel.15 L1-RSRP metric. Therefore, there is no perceivable benefit from 38.215 SINR in UPT.
· The proposed RSRP-weighted SINR metric shows large performance gain over both Rel. 15 L1-RSRP and TS 38.215 CSI-SINR metrics.  

Proposal: If “interference aware” “long-term” SINR-based beam reporting metric is to be supported in Rel.16, interference measurement for SINR calculation is performed only with ZP IMR (Alt1)
· FFS: Whether the ZP IMR can be shared with ZP IMR configured for CSI acquisition.  
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Appendix: Simulation assumptions
[bookmark: _Ref525812457]Table 1: Simulation assumptions
	Parameters
	Values

	Scenarios 
	Dense Urban Macro layer
Option 1: 2 tier (7 sites with 21 cells) 

	Mode
	DL SU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	gNB: 16 2D DFT beams (4 in azimuth and 4 in zenith)
UE: 8 DFT DFT beams (4 in azimuth and 2 in zenith)

	Criteria for selection for serving TRP
	(Similar to sub-6GHz), based on 1 TXRU at gNB sweeping 16 beams and all TXRUs at UE sweeping 8 beams; metric = max sum received power

	Criteria for beam selection for serving TRP
	Based on RSRP or 38.215 CSI-SINR metrics

	Constraints for the range of selective beams per TRP sector
	Uniform in azimuth and zenith: azimuth within 65 degree, and zenith within [0,180]

	Scheduling algorithm
	PF based

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	 (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Beam correspondence 
	Ideal

	Control and RS overhead
	DMRS, CSI-RS, PDCCH

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Rank 1 only

	UE mobility feature
	Not modelled



Avg. UPT

RSRP	Avg. UPT	1	215 SINR,ZP,d1	Avg. UPT	0.97860898661567874	215 SINR,ZP,d3	Avg. UPT	0.98402815715196201	Wt-SINR,ZP,d1	Avg. UPT	1.0559273422562141	Wt-SINR,ZP,d3	Avg. UPT	1.0705806701265592	215 SINR,NZP,d1	Avg. UPT	0.95231835564053535	215 SINR,NZP,d3	Avg. UPT	0.97127179504689076	Wt-SINR,NZP,d1	Avg. UPT	1.0427820267686425	Wt-SINR,NZP,d3	Avg. UPT	1.0537708845488483	



5% UPT

RSRP	5% UPT	1	215 SINR,ZP,d1	5% UPT	0.7777777777777779	215 SINR,ZP,d3	5% UPT	0.66507936507936516	Wt-SINR,ZP,d1	5% UPT	2.3333333333333335	Wt-SINR,ZP,d3	5% UPT	2.8820105820105821	215 SINR,NZP,d1	5% UPT	1	215 SINR,NZP,d3	5% UPT	1.1084656084656086	Wt-SINR,NZP,d1	5% UPT	2.4444444444444446	Wt-SINR,NZP,d3	5% UPT	2.3277777777777779	



