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Introduction
At RAN#86 the new Study Item on supporting NR from 52.6 GHz to 71 GHz was approved [1]. It was decided to study the feasibility of NR operation in the frequency range using the waveforms already supported in NR Rel-16. However, a successful application of current NR waveforms in such high carrier frequency requires careful selection of the OFDM numerology, which should account for both state-of-the-art hardware impairments and the channel propagation conditions in 52.6–71GHz band. It is also expected that the design of NR signals/channels may require modifications (e.g. to comply with the regulatory requirements [2]), which can have a substantial impact on system performance.
[bookmark: _GoBack]In order to make a reasonably detailed evaluation of the NR performance considering the above-mentioned conditions, both link-level and system-level simulations are required. In this contribution, we discuss the metrics we use to evaluate NR performance in 52.6–71GHz band and propose the link- and system-level simulation assumptions for use in the SI.
System-Level Evaluation Methodology
Discussion on deployment scenarios
Following the study from RAN workgroup [3], we propose to use the below deployment scenarios for system-level evaluations, as they substantially cover the use cases envisioned for NR beyond 52.6GHz:
Table 2.1-1: Deployment scenarios and use cases correspondence
	Deployment scenarios
	Use cases

	Indoor Hotspot
	High data rate eMBB, Augmented reality/virtual reality, Wireless Display Transfer, Radar/Positioning, Critical medical applications

	Urban Micro
	High data rate eMBB, Mobile data offloading, Broadband distribution network

	Indoor Factory Hall
	Vertical industry factory application, Data center inter-rack connectivity, Factory automation/Industrial IoT, Private Networks


Proposal 1:	Prioritize Urban Micro, Indoor Hotspot and Indoor Factory Hall deployment scenarios for system-level evaluation of NR in 52.6–71GHz



The deployment and channel model parameters we use for each of the scenarios are described in the tables below.
Table 2.1-2: Urban Micro scenario parameters
	Parameter
	Value (UMi)

	Layout
	Hexagonal grid, single layer, 3 sectors per site

	ISD
	150 m

	UE distribution
	100% outdoor, uniform

	UE speed 
	3 km/h

	UE antenna height
	1.5 m

	BS antenna height
	10 m


Table 2.1-3: Indoor Hotspot scenario parameters
	Parameter
	Value (InH)

	Layout
	Grid, 120x50 m open office

	ISD
	20 m

	UE distribution
	100% indoor, uniform

	UE speed 
	3 km/h

	UE antenna height
	1.5 m

	BS antenna height
	3 m


Table 2.1-4: Indoor Factory Hall scenario parameters
	Parameter
	InF with Dense clutter & Low BS (InF-DL)
	InF with Sparse clutter & High BS (InF-SH)

	Layout
	Grid, 300x150x10 m factory hall

	ISD
	50 m

	UE distribution
	100% indoor, uniform

	UE speed 
	3 km/h

	UE antenna height
	1.5 m

	BS antenna height
	1.5 m
	8 m

	Typical clutter size
	2 m
	10 m

	Clutter height
	6 m
	2 m

	Clutter density
	20%
	60%


Please note, that Indoor Factory Hall channel model is flexible enough to account for different scattering environments and BS deployment options that are possible in an industrial IoT setting.
The clutter parameters (typical clutter size, height and density) are used to control the scattering model by LoS probability variation. In order to have a full picture of possible propagation conditions, it is worthwhile to create some extreme sub-cases using some particular clutter parameters. These extreme scattering cases [4, Section 7.2] are referred as a Sparse clutter (big machineries composed of regular metallic surfaces; for example, several mixed production areas with open spaces and storage/commissioning areas) and a Dense clutter (small to medium metallic machinery and objects with irregular structure; for example, assembly and production lines surrounded by mixed small-sized machineries).
A BS antenna height also has an impact on LoS probability in the InF channel model. The reasonable options are ceiling/tower-mounted BS (referred as High BS) and ad-hoc access-point-like BS (referred as Low BS).
Combining a Low BS with a Dense clutter creates a sub-scenario with tough, usually NLoS propagation condition. Conversely, combining a High BS with a Sparse clutter results in a sub-scenario with usually LoS propagation. Therefore, we propose to use two sub-scenarios named Indoor Factory Hall with Dense clutter & Low BS (InF-DL) and Indoor Factory Hall with Sparse clutter & High BS (InF-SH) in order to model different propagation environments possible in an automated factory.
Proposal 2:	Prioritize Indoor Factory Hall with Dense clutter & Low BS (InF-DL) and Indoor Factory Hall with Sparse clutter & High BS (InF-SH) sub-scenarios for system-level evaluation of NR in 52.6–71GHz
Discussion on metrics to evaluate
Our system-level evaluations in 52.6–71GHz band are focused on channel propagation conditions and the ability of an OFDM system to operate in those. One challenge for an OFDM system with a large bandwidth and a high carrier frequency is reduced CP length, which may result in an increase of intersymbol interference level. In this section we discuss the metrics we use to assess intersymbol interference impact on an OFDM system.
RMS delay spread
The common method to indirectly assess intersymbol interference level is to compare a CP length with a channel delay spread statistics at the receiver.
Proposal 3:	Use root mean square effective channel delay spread at the receiver as a metric for system‑level evaluation of NR in 52.6–71GHz
The root mean square delay spread can be calculated per each serving link as follows:


 			
where,	Hn	is a complex channel coefficient for each cluster n (also referred as complex channel tap)
	τn	is a cluster delay for each cluster n
	N	is a number of clusters (channel taps) in a channel impulse response (CIR)
The details of complex channel taps generation can be found in [4, Section 7.5].
Please note, that in order to compute the effective delay spread experienced by a receiver, the channel tap magnitude should account for a beamforming applied at both transmitter and receiver. Therefore, the channel tap magnitude should be calculated from the complex channel tap generated at Step 12 of fast fading modelling, not borrowed from a power delay profile generated at Step 6.
Please also note, that in the case of Doppler spread modelling the squared magnitude of a channel tap should be averaged over time.

Intersymbol interference SIR
[bookmark: _Hlk40245702]The more precise way to assess the intersymbol interference impact on OFDM performance is to calculate a signal-to-interference energy ratio over the receiver FFT window. This method allows to set a clear threshold for an acceptable intersymbol interference level (e.g. based on the supported SINR range). Given the ISI threshold and the ISI statistics collected on system level per each serving link for different OFDM numerologies, it is possible to select the numerologies that can support an operation in 52.6–71GHz band based on the clear data. 
Proposal 4:	Use intersymbol interference signal to interference ratio as a metric for system-level evaluation of NR in 52.6–71GHz
[bookmark: _Hlk40251810][bookmark: _Hlk40254107]Given that ISI is independent of the noise and the other types of interference, it is desired to ensure the ISI SIR level is higher than the operating SINR range. We assume QAM64 could be the highest order modulation for NR in 52.6–71GHz given the hardware impairments. Therefore, the ISI SIR should be above 30 dB not to cause a significant performance degradation.
Many links will actually operate at SINR levels below 30 dB, so keeping the ISI SIR above 30 dB for all the links may be an excessive requirement. Moreover, most of the links which are expected to have lower ISI SIR are NLoS links, which are expected to have low SINR at the same time. Therefore, we think having at least 80% of the links with ISI SIR above the threshold is a reasonable requirement.
Proposal 5:	Assume the acceptable intersymbol interference level criteria is having 80% of links with intersymbol interference SIR ≥ 30 dB
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The ISI signal-to-interference ratio is the ratio of the current OFDM symbol energy Es collected over the receiver FFT window to the energy of the previous and next OFDM symbol(s) Eintrf collected over the same FFT window:
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←	Useful signal
	(the current OFDM symbol)
← ISI from
	the previous symbol(s)
← ISI from the
	next symbol(s)

where,	Hn	is a complex channel coefficient for each cluster n
	tn	is a cluster delay for each cluster n
	t0	is a starting position of the current OFDM symbol selected by the receiver
	tCP	is the cyclic prefix length
	tFFT	is the FFT window length


The formulas above consist of the numerical integration over a channel impulse response (CIR) time shift τ and the sum of CIR taps < | Hn |2 >, which timings tn satisfy the condition below the sum sign. Please note, that the integrands have quantized form since their value changes only when some CIR tap is added to/removed from the sum. Therefore, a non-uniform grid over the time shift τ with the values that correspond to adding/removing of CIR taps from the sum is recommended for precise integration.
One more thing to mention is that the time averaging of CIR taps | Hn |2 should be performed only in case of sub‑symbol channel fluctuation modelling (e.g. due to Doppler spread).
Figure 2.2.2-1 illustrates the timings mentioned in the formulas. The blue shaded area corresponds to a cyclic prefix and the grey shaded area is an FFT window. The vertical black bars are the example CIR taps, with the height representing their power. The zero at the axis is a moment of the current OFDM symbol energy arrival to the receiver.

FFT window
0
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[bookmark: _Hlk40226389][bookmark: _Hlk40226390]Δt
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t

Figure 2.2.2-1: Receiver timing example
It can be seen, that the intersymbol interference SIR for each particular OFDM symbol depends both on the CIR realization and the selection of the t0, tCP and tFFT timings. While tCP and tFFT are tied with the selected OFDM numerology, the choice of the OFDM symbol starting position t0 is left up to the receiver implementation. Although it will not be specified in NR, we think it is worthwhile to discuss some reasonable t0 selection algorithms in order to agree on realistic ISI SIR calculation assumptions.

Discussion on an OFDM symbol starting position
The common assumption for time domain resynchronization in NR is using matched filters during PSS/SSS, TRS (and potentially other RS) reception. It allows a receiver to detect and update the position of the CIR peak tmax with the resynchronization periodicity. We assume that the resynchronization periodicity is high enough to ensure that CIR change between resynchronizations doesn’t affect peak position tmax and ISI SIR value significantly. We also assume the receiver implementation that adjust an OFDM symbol starting position t0 based on the detected CIR peak position tmax after each resynchronization, i.e. t0 is a function of tmax for each OFDM symbol.
One option is to simply set t0 = tmax. However, in some cases it may increase ISI level. For example, when tmax ≠ 0 (which is common for NLoS CIR after analog beamforming) receiver incurs ISI from both the previous and the next OFDM symbol(s).
Another option is to set t0 = 0. This approach eliminates ISI from the next OFDM symbol(s), however it may reduce the overall SIR given the CIR is longer than the CP length.
The third option is to have a fixed offset t0 = tmax – Δt. It can result in a starting position that minimizes ISI level for a given channel statistics, while still allows a simple implementation. In order to find the proper size of the offset Δt for the deployment scenarios we consider for NR in 52.6–71GHz, we have done some evaluations. Some of the results are provided in Figures 2.2.2-2 and 2.2.2-3 below.
The goal was to determine a single Δt value, which can keep ISI level low in different channel conditions. The evaluation was done for both normal and extended CP. As we proposed above, we have used 20th percentile of ISI SIR CDF as a metric in the evaluation. Different portions of the CP length were tested as a fixed Δt offset (“offset max tap” curves). In addition, the upper bounds on the possible ISI SIR for a given OFDM numerology are added for a reference (“perfect” lines). They correspond to a dynamic Δt adjustment that maximizes ISI SIR for each CIR realization (perfect FFT window position).
As can be seen, the proper selection of Δt is very important for ISI reduction: the difference in the metric can be more than 50 dB given the same OFDM numerology. Another thing is the behavior of the curves is different for different channel models, so no single Δt value can minimize ISI in all cases. It means a reasonable compromise, which provides a fair performance, needs to be found.
The figures show that usually-LoS scenarios such as InH and InF-SH always have ISI SIR ≥ 30 dB. So Δt selection can be based solely on the other two scenarios without sacrificing the performance. It is good to ensure as many OFDM numerologies as possible satisfy the acceptable ISI level criteria in UMi and InF-DL. InF-DL curves have an extremum at Δt = 0.4*CP and UMi curves also have good ISI SIR performance at this point. Thinking this way, we propose to assume Δt is set equal to 40% of CP length in a reasonable NR receiver implementation for 52.6–71GHz.
Proposal 6:	Assume the dynamic FFT window placement based on the 40% CP length offset from the detected CIR peak for intersymbol interference SIR calculation
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Figure 2.2.3-1: Intersymbol interference level as a function of FFT window position (normal CP)
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[image: ][image: ]Figure 2.2.3-2: Intersymbol interference level as a function of FFT window position (extended CP)

Simulation assumptions
The assumptions we propose for system-level evaluation of NR in 52.6–71GHz are summarized in the table below.
Table 2.3-1: System-level simulation assumptions
	Carrier frequency
	60, 70GHz

	Deployment parameters

	Channel model
	UMi
	InH
	InF-DL
	InF-SH

	Layout
	Hexagonal grid,
single layer,
3 sectors per site
	Grid, 120x50 m
open office
	Grid, 300x150x10 m factory hall

	ISD
	150 m
	20 m
	50 m

	UE distribution
	100% outdoor, uniform
	100% indoor, uniform
	100% indoor, uniform

	UE speed 
	3 km/h
	3 km/h
	3 km/h

	UE antenna height
	1.5 m
	1.5 m
	1.5 m

	BS antenna height
	10 m
	3 m
	1.5 m
	8 m

	Typical clutter size
	N/A
	N/A
	2 m
	10 m

	Clutter height
	N/A
	N/A
	6 m
	2 m

	Clutter density
	N/A
	N/A
	20%
	60%

	Antenna parameters

	Node
	BS
	UE

	Antenna configuration
(Mg,Ng,M,N,P)
	(1,1,8,8,2)
(1,1,16,16,2)
(1,1,32,32,2)
	(1,2,2,2,2)
(1,2,4,4,2)
(1,2,8,8,2)

	Antenna spacing
(dV,dH)∙λ
	(0.5, 0.5)
	(0.5, 0.5)

	Panels orientation
	0°
	0°, 180°

	Beam set
	DFT beam selection
(2x vertical/horizontal oversampling)
	DFT beam selection
(2x vertical/horizontal oversampling)

	Antenna element HPBW
(φ3dB, θ3dB)
	(65°, 65°)
	(90°, 90°)

	Antenna element SLA
(SLAφ, SLAθ)
	(30 dB, 30dB)
	(30 dB, 30dB)

	Antenna element gain
	5 dBi
	5 dBi

	Evaluation metrics

	Metric
	RMS Delay spread [ns]
	Intersymbol interference SIR [dB]

	SCS set
	N/A
	480kHz, 960kHz, 1.92MHz, 3.84MHz

	CP type
	N/A
	Normal CP, extended CP

	OFDM symbol starting position, t0
	N/A
	tmax – 0.4*CP

	Acceptable range
	N/A
	≥30 dB (20th CDF percentile)



Link-Level Evaluation Methodology
Discussion on link-level parameters
For link-level evaluation of systems intended for operation in 52.6—71 GHz frequency range, it’s proposed to specify a set of simulation parameters some of them having both mandatory and optional values. For example, such a crucial parameter as carrier frequency may take 60 GHz and 70 GHz as mandatory and optional values, respectively. The intention here is to reflect that the globally available unlicensed band in 52.6—71 GHz frequency rage is around 60 GHz carrier frequency. At the same time, the carrier frequency of some licensed systems within the same frequency rage is around 70 GHz.
Another important system parameter is the signal bandwidth supported by the UE. Because one of the main targets of systems operating in 52.6—71 GHz frequency range is to boost the data rate, it is reasonable to consider wider bandwidths than the current maximal bandwidth supported by NR in FR2. However, in order to reduce simulation burden coming from, e.g., IFFT/FFT, estimation of excessively wideband channel, the increase of the system bandwidth should be modest. With this consideration, the value of 400 MHz seems to be a good candidate as the system bandwidth parameter.
Larger system bandwidth operation would result in potentially larger values for subcarrier spacing (SCS). Another factor in support of considering larger SCSs is ability to cope with the phase noise (PN) as for systems operating in 52.6—71 GHz frequency range the PN becomes one of impairments limiting performance. For SCS, the NR approach is reused where SCS is scaled as a power of two, i.e., , but larger values of  are considered for evaluation. This results in SCS values of 120, 240, 480, 960 and 1920 kHz. Further increase of SCS, may result in a very short length of cyclic prefix (CP) of OFDM waveform which may not effectively absorb a wireless channel dispersion.
In order to accurately evaluate an impact caused by PN onto systems operating in 52.6—71 GHz frequency range, an adequate PN model is needed. Previously, 3GPP defined several good PN models [5]. Among them there is the 3GPP Example 2 model which is parametrized for a variety of mmWave carrier frequencies and defined for both BS and UE. Therefore, it’s proposed to adopt the 3GPP Example 2 PN model as a mandatory PN model for link-level evaluations. Additionally, some other PN model(s) could be used as optional one(s) as, for example, IEEE 802.11ad PN model [6].
The choice of MCS for evaluations should account the primary target of systems operating in 52.6—71 GHz frequency range, i.e., boosting of data rates. In this regard, it’s proposed to adopt 64QAM modulation and the code rate around ¾ as an MCS which provides sufficiently high data rate. However, 64QAM modulation may be sensible to impairments, for example, PN. Therefore, a more robust modulation is also proposed for evaluation, in particular, 16 QAM (the corresponding code rate remains around 3/4).

Simulation assumptions
The proposed link-level simulation parameters are summarized in Table 0‑1. Please note that optional values of some simulation parameters are put into square brackets.

[bookmark: _Ref39928189]Table 3.2‑1. Link-level simulation assumptions for NR in 52.6-71 GHz
	Parameter
	Value

	Carrier frequency, fc
	60 GHz, [70 GHz]

	System BW
	400 MHz

	SCS
	120, 240, 480, 960, 1920 kHz

	Number of allocated DL RBs
	256 (120kHz), 128 (240kHz), 64 (480kHz), 32 (960kHz), 16 (1920kHz)

	System FFT size
	4096 (120kHz), 2048 (240kHz), 1024 (480kHz), 512 (960kHz), 256 (1920kHz)

	DL PT-RS time density
	1

	DL PT-RS frequency density
	4, [2]

	PN Model
	3GPP Example 2 (BS & UE)
[IEEE 802.11ad PN model]

	DL DM-RS Type
	Type 1

	DL DM-RS Config
	One symbol

	DL DM-RS Symbol Locations
	2, 11 (0-based indexing)

	MIMO
	1x2

	Vehicle Speed
	3 km/h

	Channel Model
	(NLOS) TDL-A, DS = 10, [50] ns
(LOS) TDL-D, DS = 1 ns

	MCS
	64QAM
16 QAM

	TBS1
	64QAM: 163976 (120kHz), 81976 (240kHz), 40976 (480kHz), 20496 (960kHz), 10248 (1920kHz);
16QAM: 108552 (120kHz), 54296 (240kHz), 27144 (480kHz), 13576 (960kHz), 6784 (1920kHz)
[64QAM: 159880 (120kHz), 79896 (240kHz), 39936 (480kHz), 19968 (960kHz), 9992 (1920kHz);
16QAM: 106576 (120kHz), 53288 (240kHz), 26632 (480kHz), 13320 (960kHz), 6656 (1920kHz)]

	SLIV
	S=0, L=14

	PDSCH Mapping
	Type A

	CP Type
	Normal


1) Note: these values depend on DL PTRS and DMRS overhead. Therefore, the TBS corresponding to the high density of DL-PTRS in the frequency domain are put into square brackets.

Proposal 7:	Capture Table 3.2‑1 for link-level simulation assumptions in the TR for NR in 52.6-71 GHz.

Conclusion
In this contribution we discussed the reasonable assumptions for link- and system-level evaluation of NR in 52.6–71GHz band, as well as the metrics for the evaluation. Based on the discussion, we make the following proposals:
Proposal 1:	Prioritize Urban Micro, Indoor Hotspot and Indoor Factory Hall deployment scenarios for system-level evaluation of NR in 52.6–71GHz
Proposal 2:	Prioritize Indoor Factory Hall with Dense clutter & Low BS (InF-DL) and Indoor Factory Hall with Sparse clutter & High BS (InF-SH) sub-scenarios for system-level evaluation of NR in 52.6–71GHz
Proposal 3:	Use root mean square effective channel delay spread at the receiver as a metric for system‑level evaluation of NR in 52.6–71GHz
Proposal 4:	Use intersymbol interference signal to interference ratio as a metric for system-level evaluation of NR in 52.6–71GHz
Proposal 5:	Assume the acceptable intersymbol interference level criteria is having 80% of links with intersymbol interference SIR ≥ 30 dB
Proposal 6:	Assume the dynamic FFT window placement with the offset of 40% CP length from the CIR tap with maximal power for intersymbol interference SIR calculation
Proposal 7:	Capture Table 3.2‑1 for link-level simulation assumptions in the TR for NR in 52.6-71 GHz.
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Intersymbol interference SIR (20th percentile), extended CP,

InH, f =60GHz, 8x8x1 BS, 2x2x2 UE
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