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At the RAN1#100b-e meeting, the following agreements were made for supporting NR from 52.6GHz to 71GHz [1]:
Agreement:
The proposals in Tables 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 of R1-2005185 are agreed.
Agreement:
Update the CP type field of Table 2 in R1-2005186 as:
· Normal CP
· Extended CP (FFS: optional)
· Note: ECP is not expected to be applicable in all SCS and channel conditions, and companies providing results for ECP are encouraged to provide evaluation results with motivation/justification of simulated ECP cases
Agreement:
· Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted)
· TDL model  as defined in of TR38.901 Section 7.7.2:
· TDL-A (5ns, 10ns, DS) 
· FFS: 20ns, 40ns, 60ns DS as optional or not optional DS for consideration: 20ns, 40ns, 60ns DS
· CDL model as defined in of TR38.901 Section 7.7.1:
· CDL-B (20ns, 50ns DS)
· CDL-D (20ns, 30ns DS) with K-factor = 10 dB
· FFS: 100ns DS as optional or not optional DS for consideration: 100ns DS
[bookmark: _Hlk43320860]Agreement:
Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted):
· FFS: modification CDL-B/D model 
· (a) Indoor Office NLOS: CDL-B (20 ns DS), and Indoor Office LOS: CDL-D (20 ns DS)
· Use mean angular spread values from Table 7.5.6-Part2 (for ASD, ASA, and ZSA) and Table 7.5-10 (for ZSD)
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Mean K-factor for CDL-D from Table 7.5.6-Part2 (9 dB)
· (b) UMi – Street Canyon NLOS: CDL-B (50 ns DS), and UMi – Street Canyon LOS: CDL-D (30 ns)
· Use mean angular spread values from Table 7.5.6-Part1 (for ASD, ASA, and ZSA) and Table 7.5-8 (for ZSD).
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Use mean K-factor for CDL-D from Table 7.5.6-Part1 (7 dB)
· Note: Mean angular spread values are used as desired AS value to scale the ray angles as described in TR38.901 section 7.7.5.1. As baseline, the ray angles are not translated, meaning  (TR38.901 section 7.7.5.1). If companies perform translation of the ray angles they are encouraged to report the details. The mean K-factor is used to scale the tap powers as described in TR38.901 section 7.7.6.
· The mean angular spread values are used to scale the ray angles using the following equation:
· [image: ]
[bookmark: _Hlk43320439]Agreement:
Agree to Table 11 in R1-2005186 in addition to already agreed Tables for evaluation parameters.
[bookmark: _Hlk43320911]Agreement:
Add the following FFS to outdoor scenarios-A and B in the deployment scenario field of Table 6 in R1-2005186.
· FFS: Reducing deployment size from 7 sites to 1 site for performance evaluations with both single and two operator scenarios.
[bookmark: _Hlk43320299]Agreement:
Update the field description for Deployment Scenario in Table 6 in R1-2005186 as (unchanged text omitted):
· Primary scenario:
· Scenario indoor-A or C (FFS: which scenario is primary)
· Scenario indoor-C (FFS: whether in primary or secondary scenario)
· Secondary scenario:
· Scenario indoor-C or A (FFS: which scenario is secondary) (FFS: whether in primary or secondary scenario)
In this contribution, we discuss required changes to support NR operation from 52.6GHz to 71GHz carrier frequency. In particular, we present simulation results and analyze candidate subcarrier spacings, CP length and channel bandwidth by considering various propagation channel delay spreads, inter-symbol interference and realistic phase noise. Further, we discuss a list of potential changes of DL/UL physical channels/signals due to modification of fundamental physical layer parameters. Our view on channel access mechanism and considerations on performance evaluation is presented in our companion contributions [2] and [3], respectively. Please note that the present tdoc is a revision of R1-2005886 and it’s purpose is to provide updated link-level simulation results.
Candidate Subcarrier Spacings and Frame Structure
As indicated in the SID, existing DL/UL waveform is employed to support operation between 52.6GHz and 71GHz [4]. Note that the selection of numerologies can follow design principle as defined in NR Rel-15. More specifically, subcarrier spacing at this frequency range can be equal to kHz, where  is a positive integer number. Further, symbol- and subframe-level boundary alignment across different subcarrier spacings with same CP overhead is defined, which can help in achieving seamless coexistence when mixed numerologies are employed in the same frequency band. 
Compared to FR2 where subcarrier spacings with 60kHz and 120kHz are specified for data and control channel, and 120kHz and 240kHz are specified for SSB transmission, a larger subcarrier spacing is envisioned for carrier frequency between 52.6GHz and 71GHz, to combat more severe phase noise. Table 1 summarizes the candidate numerologies for carrier frequency between 52.6GHz and 71GHz with normal CP. Note that in the table, slot duration is calculated for the slots other than first slot of 0.5ms duration. For the first slot of 0.5ms duration, additional 0.52µs is needed to align the symbol- and slot boundary as for smaller subcarrier spacing in FR1 and FR2.
[bookmark: _Ref47257008]Table 1. Candidate numerologies and symbol/slot duration
	µ
	4
	5
	6
	7

	Subcarrier spacing
	240kHz
	480kHz
	960kHz
	1.92MHz

	Symbol duration
	4.17µs
	2.08µs
	1.04µs
	0.52µs

	Slot duration
	62.43µs
	31.22µs
	15.60µs
	7.80µs

	Normal CP length
	292.97ns
	146.48ns
	73.24ns
	36.62ns

	Extended CP length
	1041.67ns
	520.83ns
	260.42ns
	130.21ns



Figure 1 illustrates one example of frame structure for carrier frequency between 52.6GHz and 71GHz. In the figure, it is assumed that subcarrier spacing is 480kHz. For 480kHz subcarrier spacing, 32 slots are defined within 1ms subframe. 
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[bookmark: _Ref47257059]Figure 1. Frame structure for carrier frequency between 52.6GHz and 71GHz
As specified in NR, maximum channel bandwidth is 100MHz and 400MHz for FR1 and FR2, respectively. For carrier frequency between 52.6GHz and 71GHz, it is expected maximum channel bandwidth would be larger compared to that for FR2. As huge channel bandwidth is typically available at this frequency range, utilizing relatively large subcarrier spacing can simplify implementation and reduce complexity at transceiver by avoiding an extremely large FFT size. 
Table 2 summarizes the possible channel bandwidth and corresponding FFT size with various candidate subcarrier spacings. As in Rel-15, RAN1 needs to consult RAN4 for candidate values of channel bandwidth for carrier frequency between 52.6GHz and 71GHz. 
[bookmark: _Ref34997889]Table 2. Possible channel bandwidth and corresponding FFT size
	Channel bandwidth
	800MHz
	2GHz

	Subcarrier spacing
	240kHz
	480kHz
	960kHz
	1.92MHz
	240kHz
	480kHz
	960kHz
	1.92MHz

	Sampling rate
	983MHz
	983MHz
	983MHz
	983MHz
	3.9GHz
	3.9GHz
	3.9GHz
	3.9GHz

	FFT size
	4096
	2048
	1024
	512
	16384
	8192
	4096
	2048



Note that subcarrier spacing of 120 kHz which is currently supported by NR Rel-15 in FR2 for data transmission results in FFT/IFFT size greater than 4096, i.e., 8192 and 32768 for channel bandwidths 800 MHz and 2 GHz, respectively. These sizes may not be desirable for practical UE implementations from the perspective of complexity and power consumption. Further, limiting the FFT/IFFT size by 4096 while keeping the small SCS simultaneously will significantly reduce the supportable channel bandwidth. It is worth mentioning that other wireless systems, e.g., IEEE 802.11ad/ay, operating in unlicensed band around 60 GHz already support sufficiently large channel bandwidths. In this case, smaller channel bandwidth defined for NR in 52.6—71 GHz frequencies would make NR less competitive against the existing systems. In this regard, lack of supporting larger bandwidths would reduce a full potential of 52.6—71 GHz frequency range for truly NR-based massive broadband and make it less attractive for emerging applications like AR/VR.
Proposal 1
· Follow NR principle to determine frame structure for carrier frequency between 52.6GHz and 71GHz.
· RAN1 consults RAN4 regarding support of channel bandwidths for carrier frequencies between 52.6GHz and 71GHz sufficiently larger than currently supported in NR Rel-15 for FR2. 

CP and Channel Delay Spread Analysis
Discussion on channel delay spread-related factors
Channel propagation conditions are very important from the OFDM numerology selection perspective. One limiting factor for larger subcarrier spacing and correspondingly smaller CP length can be intersymbol interference (ISI). The ISI impact is usually assessed indirectly by comparing a CP length with a channel delay spread statistics at the receiver. It can also be assessed directly by collecting ISI signal-to-interference ratio statistics. In this section, we focus on both approaches and provide system-level channel DS and ISI SIR statistics, which could be a viable data source for the OFDM numerology discussion in the SI.
With large subcarrier spacings considered for NR in 52.6–71GHz, it may be challenging to fit a channel delay spread within a short CP. As discussed below, there are several factors in 52.6–71GHz band that reduces the effective channel delay spread at the receiver.
Line-of-sight channel
The communication in 52.6–71GHz is expected to have a higher reliance on LoS paths due to the use of narrow analog beams, dense deployments and certain mmWave propagation characteristics (e.g. smaller diffraction impact). From the simulation point of view this fact is reflected as a high LoS probability at the distances up to inter-site distance (ISD) for several deployment scenarios selected for system-level evaluations  [4] (see Figure 2). Since the reflected rays have much less power comparing to LoS path, the delayed rays will cause less intersymbol interference. The channel delay spread is also expected to be smaller comparing to NLoS case.
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[bookmark: _Ref47258294]Figure 2: Line-of-sight probability in the scenarios used for system-level evaluations (left figure) and Delay spread large-scale parameter mean as a function of carrier frequency (right figure)
According to 3GPP channel models [5], delay spread generally tends to decrease with the carrier frequency (see Figure 2). The exception is Indoor Factory Hall channel model, which was defined without this property. 
Oxygen absorption
Transmissions at the carrier frequencies between 52.6 and 67 GHz are affected by distance-dependent oxygen absorption loss [3] (see Figure 3). Since the delayed channel impulse response (CIR) taps travel longer distance in the air, their attenuation due to oxygen absorption is larger. This fact leads to the channel power concentration in the first CIR taps, which effectively reduces delay spread.
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[bookmark: _Ref47258396]Figure 3. Oxygen absorption loss as a function of carrier frequency

Spatial filtering
Another key factor is spatial filtering of a CIR due to narrow Tx and Rx beams usage. All the channel multipath components except the ones which lie in the mainlobe spatial direction are suppressed (see Figure 4). Given a small HPBW and a low sidelobe level, a few (sometimes a single) path(s) are observed at the receiver. This fact significantly reduces the effective delay spread at the receiver. One can expect that the scenarios with larger angular power spread (i.e. Indoor Factory Hall) will be affected more by this factor.
Other consequence of spatial filtering is the increased number of the unusual CIR configurations, such as a CIR with a peak in the middle, not at the beginning.
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[bookmark: _Ref47258502]Figure 4. Spatial filtering illustration
RMS delay spread evaluation
This section presents the effective channel delay spread statistics we have observed on system-level simulation results. Please note that the delay spread calculation takes Tx and Rx beamforming into account, i.e. it is the actual delay spread the receiver observes, not a general characteristic of a channel model multipath. The details on the delay spread calculation can be found in our companion contribution [3]. We have collected the delay spread statistics assuming large antenna arrays which are expected for 52.6–71GHz.
As can be seen from Figure 5, there is negligible difference between 60 and 70GHz curves. This indicates that the oxygen absorption and the carrier frequency itself are not the dominant factors impacting the delay spread. Figure 6 illustrates delay spread change among different carrier frequencies. In the figure, the “valley” caused by oxygen absorption becomes less notable when number of antenna elements is increased from 16 to 64.
Observation 1
· There is negligible difference between 60GHz and 70GHz RMS delay spread statistics for antenna arrays of 64 elements and larger. 
Conversely, the antenna array beamwidth decrease can reduce the median delay spread by almost an order of magnitude. Figure 7 illustrates the impact of antenna array size on the 90th percentile of the delay spread CDF. In the figure, the antenna configuration has smaller but still a crucial impact on the CDF’s tail. It also shows that Indoor Factory Hall scenario is more affected by spatial filtering, as it was expected.
Observation 2
· RMS delay spread significantly depends on Tx and Rx beamwidth. 
The next observation is the scenarios dominated by LoS propagation (InH, InF-SH) show 1 – 2 orders of magnitude smaller delay spread than the ones dominated by NLoS (InF-DL). UMi scenario which has a mix of LoS and NLoS UEs shows a bi-modal delay spread distribution. If the statistics is collected separately, UMi CDF splits into UMi LoS and UMi NLoS curves, which perfectly follow the trend of other LoS & NLoS scenarios.
Observation 3
· RMS delay spread in LoS links is 1 – 2 orders of magnitude smaller than in NLoS links. 
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[bookmark: _Ref47258799]Figure 5. RMS Delay Spread CDF
Overall, the evaluation shows that the channel delay spread can fit within some of the small CP sizes for NR in 52.6–71GHz. This result is possible mainly because of highly directional communication in mmWave.
Observation 4
· 85% of UEs experience RMS delay spread smaller than SCS 1.92MHz CP length (36.6 ns). 
However, a delay spread analysis is a rough assessment, since it may not quantify the actual intersymbol interference impact on the OFDM system. In order to provide more precise data, we have conducted some evaluations using intersymbol interference signal-to-interference ratio as a metric.
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[bookmark: _Ref47258847]Figure 6. RMS Delay Spread as a function of carrier frequency
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[bookmark: _Ref47258862]Figure 7. RMS Delay Spread as a function of antenna array size
Intersymbol interference SIR evaluation
In this section we present the intersymbol interference signal-to-interference ratio statistics collected at system‑level. As proposed in [3], we assume the acceptable intersymbol interference level criterion has 80% of links with intersymbol interference SIR ≥ 30 dB. It allows NR system to operate in 52.6–71GHz without additional performance degradation from ISI. Therefore, we use 20th percentile of ISI SIR CDF as a metric and 30 dB ISI SIR as a threshold. Since ISI SIR is not widely used in system-level evaluations, we provide the detailed description of how to compute it [3]. We think ISI statistics of several OFDM numerologies accompanied with an ISI threshold will enable RAN1 to select the numerologies for NR in 52.6–71GHz based on the clear data.
As discussed in [3], the ISI SIR depends on the receiver FFT window timing, which is implementation specific. However, based on the simulation data, an FFT window position based on the fixed offset Δt=0.4CP length from the detected peak of the channel impulse response (CIR) could be a fair assumption. The solid curves representing this receiver timing principle are referred to as “offset max tap”. The dashed curves representing an upper bound on the possible ISI SIR for a given CP length are referred to as “perfect”. They correspond to a dynamic Δt adjustment that maximizes ISI SIR for each CIR realization (perfect FFT window position).
According to the previous agreements [6], we use different BS antenna setups for indoor and outdoor scenarios in this section.
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[bookmark: _Ref47259232]Figure 8. Intersymbol interference SIR as a function of normal CP length
The relation between a normal CP length and the corresponding ISI SIR level is shown at Figure 8 for different scenarios we consider. Please note, that similar results for the extended CP as well as the results with other antenna configurations can be found in the Appendix. The full ISI SIR CDFs for all the configurations are also provided there.
Figure 9 provides some insight into the reasons behind ISI SIR function behavior. It shows how the interfering energy from the previous/next OFDM symbols changes with a CP length increase (red curves). FFT window length scales up with the CP length, so the amount of collected energy from the current OFDM symbol also increases (green curves). Both ISI cancellation and useful signal energy collection contribute to the growth of ISI SIR. However, the contribution from the energy collection is linear, while the interference cancellation contribution is non-linear. Thus, keeping as much interfering energy as possible within a CP is crucial. The figure shows that the timing offset Δt selection significantly impacts the ability to cancel interference.
~ISI SIR

[bookmark: _Ref47767123]Figure 9. Useful signal and intersymbol interference received energy as a function of CP length
It can be seen from Figure 8 that the LoS-dominated scenarios (InH, InF-SH) result in much lower intersymbol interference level, thus allowing larger subcarrier spacing. Assuming the acceptable intersymbol interference criteria is the required UE percentage exceeding the ISI SIR threshold, it is possible to determine the maximum subcarrier spacing from Figure 8. For example, one can find the smallest CP length at which ISI SIR is above 30 dB for each deployment scenario.
However, having a low ISI SIR for a particular UE doesn’t necessarily mean the problem. The UE would experience a channel quality reduction due to ISI only if it’s operating SNR is higher than ISI SIR. Therefore, the right metric to assess ISI impact is intersymbol interference-over-noise ratio (INR).

Intersymbol interference-over-noise ratio evaluation
The intersymbol interference-over-noise ratio (INR) can be computed per UE by subtracting ISI SIR from the UE’s operating SNR. This metric can clearly show whether channel conditions are worsened by ISI or the ISI is below the noise level. We assume INR ≤ -3dB is the acceptable level of intersymbol interference.
After collecting INR per UE statistics, the INR CDFs have been computed (the figures can be found in the Appendix). The relation between CP length and the 95th INR CDF percentile is shown at the Figure 10 and 11.
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[bookmark: _Ref47761324]Figure 10. Intersymbol interference-over-noise ratio (INR) as a function of normal CP length
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Figure 11. Intersymbol interference-over-noise ratio (INR) as a function of extended CP length
Given the INR statistics, it is possible to find the maximum subcarrier spacing supported for each scenario. The result of process is shown in the Table 3 below.
Observation 5
· Maximal supported subcarrier spacings (from intersymbol interference perspective) are summarized in . 
Table 3. Maximal supported subcarrier spacing (from ISI perspective)
	CP type
	UMi
	InH
	InF-SH
	InF-DL

	Normal CP
	3.84MHz
	3.84MHz
	7.68MHz
	480kHz

	Extended CP
	7.38MHz
	15.36MHz
	15.36MHz
	1.92MHz



Discussion on MIMO TAE impact
The discussion and the data above can help to select a set of subcarrier spacings, which is reasonable from channel propagation perspective. However, another source of the timing dispersion is hardware impairments, in particular MIMO timing alignment error. In order to select the optimal set of supported subcarrier spacings, it also should be taken into account.
Observation 6
· MIMO timing alignment error (TAE) should be considered during the selection of supported subcarrier spacing set for NR in 52.6–71GHz. 

The minimum RAN4 requirements on MIMO TAE can be used as a worst-case assumption when testing different NR numerologies for 52.6–71GHz. There are different requirements defined for a BS [7] and a UE [8]: the TAE shall not exceed 65ns at a BS side and 130ns at a UE side. That means up to 65ns of CP length in DL and up to 130ns in UL are devoted to the TAE compensation, and cannot be used to suppress intersymbol interference. In order to reflect this fact in the evaluations, we shift the INR curves from Figures 10-11 to the right by the worst-case TAE value. It can be seen that the number of subcarrier spacings with intersymbol interference below the noise level is significantly reduced (see Figures 12-13).
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Figure 12. TAE impact on the intersymbol interference-over-noise ratio (normal CP)
[image: ]
Figure 13. TAE impact on the intersymbol interference-over-noise ratio (extended CP)
However, we should note that the current MIMO TAE requirements have a long history. The values were introduced in RAN4 during UMTS development (65ns BS requirement comes from ¼ of the clock period corresponding to UMTS 3.84Mcps chip rate), and there has been no update for decades. It is expected that the hardware implementation technology has improved since then, and it could be possible to update the MIMO TAE requirements to reflect the state-of-the-art. We recommend RAN1 to ask RAN4 to take a detailed look into the subject and, if possible, reduce MIMO TAE minimum requirement.
Proposal 2:
· RAN1 to send the LS to RAN4 on updating the MIMO TAE minimum requirements.
In case the requirement for UE and BS (or at least only BS) can be reduced to 50ns, the larger subcarrier spacings would be applicable to FR4 (see Table 4). This can improve the system robustness to the phase noise as well as enable efficient support of large bandwidths.
[bookmark: _Ref47766599]Table 4. Maximal supported subcarrier spacing (from ISI and MIMO TAE perspective)
	Scenario
	Normal CP
	Extended CP

	
	TAE=130ns
	TAE=50ns
	TAE=130ns
	TAE=50ns

	UMi, InH, InF-SH
	480kHz
	960kHz
	960kHz
	1.92MHz

	InF-DL
	240kHz
	480kHz
	480kHz
	960kHz


Observation 7
· Maximal supported subcarrier spacings (from intersymbol interference and MIMO TAE perspectives) are summarized in Table 4.

Subcarrier Spacing and Phase Noise Impact Analysis
For systems operating in 52.6 - 71 GHz frequency range, phase noise (PN) may become a factor limiting the achievable data rates due to rapid phase variations caused by the PN. Dealing with the PN problem may require supporting subcarrier spacing (SCS) values larger than currently used in NR for FR1 and FR2. In this section, some initial link-level evaluation results are presented to assist in the design choice of SCS.
The simulation results are presented in terms of DL-SCH block error rate (BLER) vs. signal to interference plus noise ratio (SINR) in Figure 14 for three modulations: 64QAM, 16QAM and QPSK. Regarding the PN model for evaluations, the 3GPP Example 2 model is used which defines the PN’s PSD for both BS and UE. More details about the link-level simulation parameters used in evaluation can be found in our companion contribution [3]. Here it’s worth noting that for PN estimation and compensation a simple technique based on tracking phase fluctuations and cancelling out the estimated phase values is used for 64QAM and 16QAM (and no DL PT-RS-based PN estimation and compensation is applied for QPSK). In particular, DL-PTRS design from NR Rel-15 is reused to estimate and remove the phase component common for all subcarriers of OFDM symbol (i.e., common phase error or CPE). Obviously, the granularity of CPE compensation in the time domain depends on the selected SCS. Five SCS values are evaluated: 120 kHz, 240 kHz, 480 kHz, 960 kHz, and 1920 kHz.
From the evaluation results, it can be seen that for 64QAM the acceptable BLER=1% across different propagation channel conditions (Figure 14 (a)-(b)) is achievable only with larger SCS than currently supported in NR Rel-15, e.g., SCS=960 kHz. This is expected as a large SCS allows to accurately track rapid phase variations caused by the PN and, thus, minimize their impact onto a high-order modulation such as 64QAM. For 16QAM, relatively smaller SCS values (including those ones currently supported in NR Rel-15) can be used to achieve BLER=1% for different propagation channels (Figure 14 (c)-(d)). Finally, for QPSK (Figure 14 (e)-(f)), all SCS values provide almost identical results. Another important observation from the results is that SCS larger than 1920 kHz does not provide substantial performance gain. Instead, in some scenarios especially with high frequency selectivity it results in BLER performance degradation. This is explained by the small CP length which scales down with SCS increase according to adopted NR Rel-15 numerology scaling principle and, thus, cannot absorb efficiently the ISI in highly frequency selective channels.  
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	(a) MCS22, TDL-A, DS = 5 ns	(b) MCS22, TDL-A, DS = 10 ns 
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[bookmark: _Ref40444523]	(c) MCS16, TDL-A, DS = 5 ns	(d) MCS16, TDL-A, DS = 10 ns
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	(e) MCS7, TDL-A, DS = 5 ns	(f) MCS7, TDL-A, DS = 10 ns
[bookmark: _Ref47259622]Figure 14. Link-level simulation results for 64QAM (a-b), 16QAM (c-d), QPSK (e-f)
Observation 8:
· The support of a high-order modulation, e.g., 64QAM, for systems operating in 52.6—71 GHz frequency range under various propagation channel conditions requires a large SCS, e.g., 960 kHz.
· In some propagation channel conditions, especially with low selectivity, 64QAM modulation can be supported with SCS=1920 kHz and even with SCS=480 kHz.
· Smaller SCS values, including those ones currently supported in NR Rel-15 for FR2, result in BLER performance degradation for 64QAM under various propagation channel conditions but can be used with 16QAM modulation.
· The values of SCS larger than 1920 kHz result in the short CP length which is insufficient to cope with ISI under propagation channels with relatively high frequency selectivity.

Based on the observations from the simulations results discussed above, it’s recommended to include in the SCS set for evaluation and study the SCS values larger than currently supported in NR Rel-15 for FR2. As it was shown, the relatively small SCS, i.e., 120 kHz or 240 kHz, limits the highest modulation order available for robust data transmission by 16QAM. Additionally, these SCS values limit the signal bandwidth of the UE because the As opposite, a larger SCS can provide opens  potential for high data rates based on 64QAM modulation in frequency range of 52.6—71 GHz frequency range for truly massive broadband making these frequencies attractive for emerging applications like AR/VR.
Proposal 3:
· Consider to support larger SCS than currently defined in NR Rel-15 for FR2, i.e., 480 kHz and 960 kHz  for NR operating in 52.6 – 71GHz.

The next set of simulation results, presented in Figure 20, demonstrate the BLER performance of the extended CP (ECP) vs. the normal CP (NCP) for selected SCS values (SCS=960kHz, SCS=1920kHz). Only 64QAM and 16QAM are considered because for QPSK there is no significant difference observed for different CP types.
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	(a) MCS22, TDL-A, DS = 5 ns	(b) MCS22, TDL-A, DS = 10 ns
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	(c) MCS16, TDL-A, DS = 5 ns	(d) MCS16, TDL-A, DS = 10 ns
[bookmark: _Ref47714230]Figure 15. Link-level simulation results to compare ECP vs. NCP for 64QAM (a-b) and 16QAM (c-d)
Observation 9:
· There is marginal performance improvement from the use of ECP observed only for 64QAM and SCS=1920kHz.
· There is almost no difference between ECP and NCP for 16QAM when SCS=960kHz or SCS=1920kHz.

As mentioned above, MIMO timing alignment error (TAE) should be considered during the selection of supported subcarrier spacing set for NR in 52.6–71GHz. If same MIMO TAE requirement, i.e., 65ns, is defined for NR operating in 52.6 - 71GHz, it may be difficult to support a larger SCS with normal CP. For instance, for 960kHz SCS, normal CP length is 73.2ns, which is slightly larger than 65ns MIMO TAE requirement. If a relatively smaller MIMO TAE requirement can be defined in RAN4, e.g., in the order of 40ns, normal CP is sufficient even with 960kHz SCS. In addition, based on the observations from the presented simulation results, for most of the cases, performance difference between NCP and ECP is negligible. Hence, in our view, extended CP may not be needed for NR in 52.6–71GHz if MIMO TAE requirement less than 65ns is defined. 
Proposal 4
· Extended CP may not be needed for NR in 52.6–71GHz if MIMO TAE requirement less than 65ns is defined. 

Other Physical Layer Changes Required for 60GHz band 
At the RAN1#101-e meeting, it was concluded that potential impacts to physical channels and procedures due to candidate numerology and bandwidths, including initial access, UL/DL signal/channel, scheduling/HARQ, need to be identified for system operating from 52.6GHz to 71GHz carrier frequency [1]. In our view, the following aspects need to be discussed for required physical layer changes for NR in 52.6GHz to 71GHz, especially when a large subcarrier spacing, e.g., 960kHz is defined: 
· SSB pattern and multiplexing of SSB and CORESET0/RMSI
· PRACH configuration related aspects
· Processing time related aspects
· Maximum number of BDs/CCEs for PDCCH monitoring 
· Scheduling related aspects
SSB pattern and multiplexing of SSB and CORESET0/RMSI
In FR2, 120kHz and 240kHz subcarrier spacing can be employed for SSB transmission. For system operating in 52.6GHz to 71GHz, if a large subcarrier spacing, e.g., 960kHz is utilized for SSB transmission, existing SSB pattern as defined in FR2 may need to be updated to accommodate beam switching time for SSB beam sweeping. Figure 16 illustrates the SSB pattern for 120kHz in FR2, where contiguous SSB transmissions are defined within a slot. 
[image: ]
[bookmark: _Ref47251863]Figure 16. SSB pattern for 120kHz subcarrier spacing
Note that if the beam switching time is larger than CP length or 73.2ns when 960kHz is used for SSB transmission, certain gaps may need to be inserted between SSB transmissions. In this case, multiplexing of SSB and CORESET0/RMSI may also need to be updated accordingly. 
Proposal 5
· When a large subcarrier spacing is defined, SSB pattern and multiplexing of SSB and CORESET0/RMSI need to be updated to accommodate beam switching time.

PRACH configuration related aspects
In FR2, reference PRACH slot based on 60kHz subcarrier spacing was specified in NR Rel-15. Further, when 120kHz is used for PRACH transmission, one or two slots within the reference PRACH slot can be allocated as PRACH slot. For NR in 52.6GHz to 71GHz carrier frequency, when a large subcarrier spacing is used for PRACH transmission, existing PRACH configuration may not be directly applied. 
Note that if existing reference PRACH slot is reused for 52.6GHz to 71GHz carrier frequency, the number of slots within the reference PRACH slot duration is increased substantially. For instance, when 960kHz subcarrier spacing is used for PRACH transmission, 16 slots are allocated within the reference PRACH slots. In this case, which PRACH slot is used for PRACH occasion configuration needs to be determined accordingly if reusing existing PRACH configuration table in FR2. 
Proposal 6
· When a large subcarrier spacing is defined, PRACH configuration related aspects need to be investigated. 

Processing time related aspects
As defined in NR Rel-15, Table 5 and Table 6 illustrate PDSCH and PUSCH processing time for processing capability 1, respectively. From the tables, it can be observed that number of symbols for PDSCH and PUSCH processing time is increased substantially when subcarrier spacing is increased from 15kHz to 120kHz. Further, the absolute processing time for PDSCH and PUSCH does not scale down linearly as subcarrier spacing scales up. 
For system operating between 52.6GHz and 71GHz carrier frequency, when a large subcarrier spacing is introduced, the exact PDSCH and PUSCH processing time needs to be investigated. This would also include other processing time related aspects, e.g., CSI computation time, PDSCH preparation time with cross carrier scheduling with different subcarrier spacings for PDCCH and PDSCH, etc.

[bookmark: _Ref47252970]Table 5. PDSCH processing time for PDSCH processing capability 1
	
	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



[bookmark: _Ref47252972]Table 6. PUSCH preparation time for PUSCH timing capability 1
	
	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Proposal 7
· When a large subcarrier spacing is defined, processing time related aspects, including PDSCH/PUSCH processing time, CSI computation time, etc., need to be investigated. 

Maximum number of BDs/CCEs for PDCCH monitoring 
As defined in NR Rel-15, Table 7 and Table 8 illustrate maximum number of BDs and CCEs for PDCCH monitoring, respectively. From the tables, it can be observed that when subcarrier spacing is increased from 15kHz to 120kHz, maximum number of BDs and CCEs for PDCCH monitoring is reduced substantially. This is primarily due to UE processing capability with short symbol and slot duration.  
For system operating between 52.6GHz and 71GHz carrier frequency, when a large subcarrier spacing is introduced, it is envisioned that maximum number of BDs and CCEs for PDCCH monitoring would be further scaled down. For instance, the number of BDs for PDCCH monitoring may be reduced to ~10 or even smaller values when 960kHz subcarrier spacing is employed. 
[bookmark: _Ref47256056]Table 7. Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



[bookmark: _Ref47256059]Table 8. Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



Proposal 8
· When a large subcarrier spacing is defined, maximum number of BDs/CCEs for PDCCH monitoring needs to be investigated. 

Scheduling related aspects
For system operating between 52.6GHz and 71GHz carrier frequency, when a large subcarrier spacing, e.g., 960kHz is used, symbol and slot duration is very short, which may pose certain constraint for scheduler implementation. To alleviate scheduler constraint and relax higher layer processing burden, it is more desirable to consider a prolonged scheduling unit. More specifically, multi-TTI based scheduling can be employed, where one PDCCH can be used to schedule multiple PDSCHs or PUSCH carrying independent TBs. Figure 17 illustrates the multiple-TTI based scheduling for downlink data transmission. Note that based on this mechanism, scheduler implementation and higher layer processing burdened can be relaxed, while maintaining same peak data rate.
[image: ]
[bookmark: _Ref47008112]Figure 17. Multi-TTI based scheduling
Proposal 9
· When a large subcarrier spacing is defined, multi-TTI based scheduling can be considered to relax scheduler implementation and higher layer processing burden.

Conclusions
In this contribution, we discussed required changes to support NR operation from 52.6GHz to 71GHz carrier frequency. Further, we summarize the observation and proposals as follows:
Observation 1
· There is negligible difference between 60GHz and 70GHz RMS delay spread statistics for antenna arrays of 64 elements and larger. 
Observation 2
· RMS delay spread significantly depends on Tx and Rx beamwidth. 
Observation 3
· RMS delay spread in LoS links is 1 – 2 orders of magnitude smaller than in NLoS links. 
Observation 4
· 85% of UEs experience RMS delay spread smaller than SCS 1.92MHz CP length (36.6 ns). 
Observation 5
· Maximal supported subcarrier spacings (from intersymbol interference perspective) are summarized in . 
Observation 6
· MIMO timing alignment error (TAE) should be considered during the selection of supported subcarrier spacing set for NR in 52.6–71GHz.
Observation 7
· Maximal supported subcarrier spacings (from intersymbol interference and MIMO TAE perspectives) are summarized in Table 4. 
Observation 8:
· The support of a high-order modulation, e.g., 64QAM, for systems operating in 52.6—71 GHz frequency range under various propagation channel conditions requires a large SCS, e.g., 960 kHz.
· In some propagation channel conditions, especially with low selectivity, 64QAM modulation can be supported with SCS=1920 kHz and even with SCS=480 kHz.
· Smaller SCS values, including those ones currently supported in NR Rel-15 for FR2, result in BLER performance degradation for 64QAM under various propagation channel conditions but can be used with 16QAM modulation.
· The values of SCS larger than 1920 kHz result in the short CP length which is insufficient to cope with ISI under propagation channels with relatively high frequency selectivity.
Observation 9:
· There is marginal performance improvement from the use of ECP observed only for 64QAM and SCS=1920kHz.
· There is almost no difference between ECP and NCP for 16QAM when SCS=960kHz or SCS=1920kHz.
Proposal 1
· Follow NR principle to determine frame structure for carrier frequency between 52.6GHz and 71GHz.
· RAN1 consults RAN4 regarding support of channel bandwidths for carrier frequencies between 52.6GHz and 71GHz sufficiently larger than currently supported in NR Rel-15 for FR2. 
Proposal 2:
· RAN1 to send the LS to RAN4 on updating the MIMO TAE minimum requirements.
Proposal 3:
· Consider to support larger SCS than currently defined in NR Rel-15 for FR2, i.e., 480 kHz and 960 kHz  for NR operating in 52.6 – 71GHz.
Proposal 4
· Extended CP may not be needed for NR in 52.6–71GHz if MIMO TAE requirement less than 65ns is defined. 
Proposal 5
· When a large subcarrier spacing is defined, SSB pattern and multiplexing of SSB and CORESET0/RMSI need to be updated to accommodate beam switching time.
Proposal 6
· When a large subcarrier spacing is defined, PRACH configuration related aspects need to be investigated. 
Proposal 7
· When a large subcarrier spacing is defined, processing time related aspects, including PDSCH/PUSCH processing time, CSI computation time, etc., need to be investigated. 
Proposal 8
· When a large subcarrier spacing is defined, maximum number of BDs/CCEs for PDCCH monitoring needs to be investigated. 
Proposal 9
· When a large subcarrier spacing is defined, multi-TTI based scheduling can be considered to relax scheduler implementation and higher layer processing burden.
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Appendix
A.1 RMS Delay spread CDFs
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Figure 18. RMS Delay Spread CDFs (fc=60GHz, 70GHz)

A.2 Intersymbol interference SIR CDFs 
[image: ][image: ]
Figure 19. Intersymbol interference SIR CDF (Urban Micro)
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[bookmark: _Ref47732467]Figure 20. Intersymbol interference SIR CDF (Indoor Hotspot – open office)
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[bookmark: _Ref47732464]Figure 21. Intersymbol interference SIR CDF (Indoor Factory Hall with Sparse clutter & High BS)
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Figure 22. Intersymbol interference SIR CDF (Indoor Factory Hall with Dense clutter & Low BS)
A.3 Intersymbol interference as a function of CP length
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Figure 20. Intersymbol interference SIR as a function of normal CP length
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Figure 21. Intersymbol interference SIR as a function of extended CP length
A.4 Intersymbol interference-over-noise ratio CDFs
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Figure 23. Intersymbol interference-over-noise ratio CDF (Urban Micro)
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Figure 24. Intersymbol interference-over-noise ratio CDF (Indoor Hotspot – open office)
[image: ] [image: ]
Figure 25. Intersymbol interference-over-noise ratio CDF (Indoor Factory Hall with Sparse clutter & High BS)
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Figure 26. Intersymbol interference-over-noise ratio CDF (Indoor Factory Hall with Dense clutter & Low BS)
A.5 Intersymbol INR as a function of CP length
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Figure 27. Intersymbol interference-over-noise ratio as a function of normal CP length
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Figure 28. Intersymbol interference-over-noise ratio as a function of extended CP length



7/7
image1.png
My desired — Mo model




image2.wmf
(

)

desired

,

model

,

model

,

model

desired

scaled

,

AS

AS

f

f

m

m

f

f

+

-

=

n

n


image3.png
0.5ms

31.74us

31.22us
>«

#0 slots

Extra 0.52us

144

OFDM symbol

2048

31.22us

#15 slots





image4.png
LoS probabliity

——UMi
—InF-DL
InF-SH
—InH

InH ISD=20m

InF 1ISD=50m

UMi ISD=150m

0 50 100 150 200
Link distance [m]




image5.png
10<908> [ng]

100

» ~——UMi LoS

0\ = = UMiNLoS
N InF LoS

80 N — = InF NLoS
~ =—1InH LoS

70 S = = InHNLoS

10 20 30 40 50 60 70
Carrier frequency, fC [GHZ]




image6.emf
 


image7.png
Example channel power distribution, UMi, fc=6()GHz





image8.png
Azimuth of arrival [deg]

Rx beam pattern,

2 antenna elements
200

150
100

50

-50
-100

-150

-200
0 20 40 60

Rx antenna array gain, linear




image9.png
Channel power distribution after Rx BF, UMi, fc=GOGHz
200

o)
ke
T
>
£

@
s

5]
£

S
£





image10.png
20

40 60
Delay [ns]

80

100




image11.png
20

40 60
Delay [ns]

80

100




image12.png
CDF

Delay spread, fc=BOGHz, 8x8x1 BS, 2x2x2 UE

ool UM
— = UMi LoS UEs
0.8 {-++++++ UMi, NLoS UEs
InF-DL
0.7 InF-SH I
061 InH EIEE
= = 3 3
o5l .38 3 2
id 2 g 3
04 ‘88 38 G
8 8 8 8
03 FRF R I
g ¢ ¢ g
02 s s oo 8
s @ o 9
© g g3
0.1 586 85 8
/ 585 86 8
: ‘

102 107! 10° 10! 10

DS - serving cell [ns]




image13.png
CDF

Delay spread, fc=70GHz, 8x8x1 BS, 2x2x2 UE

UMi
= = UMi, LoS UEs
0.8 [ |+==+==++ UMi, NLoS UEs
InF-DL

InF-SH

InH

CP 18.3ns, SCS 3.84MH.

CP 36.6ns, SCS 1.92MHz:

CP 73.2ns, SCS 960kHz

CP 146.5ns, SCS 480kHz"

102 107" 10° 10
DS - serving cell [ns]

Sk
o




image14.png
De7lgy spread (90th percentile), 4x4x1 BS, 1x1x4 UE

60 Og, Fa ®
—O—UMi

—e—InF-DL
—o—InF-SH

—6—InH

60 70 80 90
Carrier frequency, fc [GHz]

100

CP=36.6ns, SCS=1.92MHz

- CP=18.3ns, SCS=3.84MHz

-+ CP=9.2ns, SCS=7.68MHz

CP=4.6ns, SCS=
CP=2.3ns, SCS=:

.36MHz
72MHz





image15.png
Deslgy spread (90th percentile), 8x8x1 BS, 2x2x4 UE

45

40 —e—UMi
+|==6=—InF-DL |~ CP=36.6ns, SCS=1.92MHz
3% —6— InF-SH
30 —O&—InH
T
£
) 25
[a]
20

+ CP=18.3ns, SCS=3.84MHz

156\9/‘9_9_6~9

CP=9.2ns, SCS=7.68MHz

- CP=4.6ns, SCS=15.36MHz
Qg ——— i — ) - CP=2 3NS5, SCS=30.72MHz
50 60 70 80 90 100

Carrier frequency, fc [GHz]





image16.png
DS [ns]

Delay spread (90th percentile), fc=BOGHz

60
—e—UMi
—6—InF-DL
50 —o—InF-SH
—6—InH

(64,4)  (256,16) (1024,64)

CP 36.6ns, SCS 1.92MHz

CP 18.3ns, SCS 3.84MHz

CP 9.2ns, SCS 7.68MHz

CP 4.6ns, SCS 15.36MHz
CP 2.3ns, SCS 30.72MHz

Number of antenna elements per panel (BS,UE)




image17.png
60

50

40

30

DS [ns]

20

Delay spread (90th percentile), fc=7OGHz

(64,4)
Number of antenna elements per panel (BS,UE)

(256,16)

—O—UMi

~—©—InF-DL
~©—InF-SH
—6—InH

(1024,64)

CP 36.6ns, SCS 1.92MHz

CP 18.3ns, SCS 3.84MHz

CP 9.2ns, SCS 7.68MHz

CP 4.6ns, SCS 15.36MHz
CP 2.3ns, SCS 30.72MHz




image18.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

0

50

100

150

I

n

t

e

r

s

y

m

b

o

l

 

i

n

t

e

r

f

e

r

e

n

c

e

 

S

I

R

 

[

d

B

]

Intersymbol interference SIR (20th percentile), normal CP,

 f

c

=60GHz; BS (1,1,4,8,2) – InH, InF; BS (1,1,8,16,2) – UMi; UE (1,2,2,2,2)

ISI = -30dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image19.png
OFDM symbol & ISl received energy (20th percentile), extended CP,
InF-DL, f =60GHz, 8x8x1 BS, 2x2x2 UE

0r B B : : : 9 3
N N N N N N N
: £ oz : : %
20 =] % 3 ] 2 2 <
« @« @ @ > < N
40 0 ~ I < @ @ P
AU b [} [} [} Q Q Q
[} Q Q Q D e D= D

IS @ @ @—%

-60

-80

-100

120 = =" Current OFDM symb (perfect)

2140 Hroreeer Current OFDM symb (At=0) || i > N{ | Seediveen
= Current OFDM symb (At=0.4CP
= = Intersymb interf (perfect)

-180 Htt Intersymb interf (At=0)
Intersymb interf (At=0.4CP)

-160

-200

Energy received inside FFT window [dBmJ]

10° 10 102 103
CP length [ns]




image20.png
OFDM symbol & ISl received energy (20th percentile), extended CP,
InF-DL, f =60GHz, 8x8x1 BS, 2x2x2 UE

0r B B : : : 9 3
N N N N N N N
: £ oz : : %
20 =] % 3 ] 2 2 <
« @« @ @ > < N
40 0 ~ I < @ @ P
AU b [} [} [} Q Q Q
[} Q Q Q D e D= D

IS @ @ @—%

-60

-80

-100

120 = =" Current OFDM symb (perfect)

2140 Hroreeer Current OFDM symb (At=0) || i > N{ | Seediveen
= Current OFDM symb (At=0.4CP
= = Intersymb interf (perfect)

-180 Htt Intersymb interf (At=0)
Intersymb interf (At=0.4CP)

-160

-200

Energy received inside FFT window [dBmJ]

10° 10 102 103
CP length [ns]




image21.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (95th percentile),

normal CP, f

c

=60GHz, UE (1,2,2,2,2), offset max tap ( t=0.4CP)

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

1

5

.

3

6

M

H

z

SIR

–

SNR = 3dB

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

2

4

0

k

H

z

UMi, BS 8x16

InH, BS 4x8

InF-SH, BS 4x8

InF-DL, BS 4x8


image22.emf
10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (95th percentile),

extended CP, f

c

=60GHz, UE (1,2,2,2,2), offset max tap ( t=0.4CP)

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

9

6

0

k

H

z

SIR

–

SNR = 3dB

UMi, BS 8x16

InH, BS 4x8

InF-SH, BS 4x8

InF-DL, BS 4x8


image23.emf
10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (95th percentile),

normal CP, f

c

=60GHz, UE (1,2,2,2,2), offset max tap ( t=0.4CP)

S

C

S

 

2

4

0

k

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

1

.

9

2

M

H

z

SIR

–

SNR = 3dB

UMi, BS 8x16, TAE=130ns

InH, BS 4x8, TAE=130ns

InF-SH, BS 4x8, TAE=130ns

InF-DL, BS 4x8, TAE=130ns

UMi, BS 8x16, TAE=50ns

InH, BS 4x8, TAE=50ns

InF-SH, BS 4x8, TAE=50ns

InF-DL, BS 4x8, TAE=50ns


image24.emf
10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (95th percentile),

extended CP, f

c

=60GHz, UE (1,2,2,2,2), offset max tap ( t=0.4CP)

S

C

S

 

9

6

0

k

H

z

S

C

S

 

2

4

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

1

.

9

2

M

H

z

SIR

–

SNR = 3dB

UMi, BS 8x16, TAE=130ns

InH, BS 4x8, TAE=130ns

InF-SH, BS 4x8, TAE=130ns

InF-DL, BS 4x8, TAE=130ns

UMi, BS 8x16, TAE=50ns

InH, BS 4x8, TAE=50ns

InF-SH, BS 4x8, TAE=50ns

InF-DL, BS 4x8, TAE=50ns


image25.emf
8 10 12 14 16 18 20 22 24

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=5ns; 1x2; MCS22; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based PN CPE Removal

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image26.emf
8 10 12 14 16 18 20 22 24

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=10ns; 1x2; MCS22; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based CPE removal

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image27.emf
2 4 6 8 10 12 14 16 18

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=5ns; 1x2; MCS16; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based PN CPE Removal

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image28.emf
2 4 6 8 10 12 14 16

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=10ns; 1x2; MCS16; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based CPE removal

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image29.emf
-8 -6 -4 -2 0 2 4 6

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=5ns; 1x2; MCS7; f

C

=60GHz;

3GPP Example 2 PN model; No PN Compensation

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image30.emf
-8 -6 -4 -2 0 2 4 6

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=10ns; 1x2; MCS7; f

C

=60GHz;

3GPP Example 2 PN model; No PN Compensation

SCS=120kHz

SCS=240kHz

SCS=480kHz

SCS=960kHz

SCS=1920kHz


image31.emf
8 10 12 14 16 18 20 22

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=5ns; 1x2; MCS22; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based PN CPE Removal

SCS=960kHz; NCP

SCS=1920kHz; NCP

SCS=1920kHz; ECP

SCS=960kHz; ECP


image32.emf
8 10 12 14 16 18 20 22

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=10ns; 1x2; MCS22; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based CPE removal

SCS=960kHz; NCP

SCS=1920kHz; NCP

SCS=1920kHz; ECP

SCS=960kHz; ECP


image33.emf
2 4 6 8 10 12 14 16 18

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=5ns; 1x2; MCS16; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based PN CPE Removal

SCS=960kHz; NCP

SCS=1920kHz; NCP

SCS=1920kHz; ECP

SCS=960kHz; ECP


image34.emf
2 4 6 8 10 12 14 16

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

TDL-A, DS=10ns; 1x2; MCS16; f

C

=60GHz;

3GPP Example 2 PN model; DL PT-RS-based CPE removal

SCS=960kHz; NCP

SCS=1920kHz; NCP

SCS=1920kHz; ECP

SCS=960kHz; ECP


image35.png
SSB SSB





image36.wmf
m


image37.wmf
m


image38.png
PDSCH#0 PDSCH#1 PDSCH#2 PDSCH#3

slot




image39.emf
10

-2

10

-1

10

0

10

1

10

2

DS - serving cell [ns]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Delay spread, f

c

=60GHz, 16x16x1 BS, 4x4x2 UE

C

P

 

7

3

.

2

n

s

,

 

S

C

S

 

9

6

0

k

H

z

C

P

 

3

6

.

6

n

s

,

 

S

C

S

 

1

.

9

2

M

H

z

C

P

 

1

8

.

3

n

s

,

 

S

C

S

 

3

.

8

4

M

H

z

UMi

UMi, LoS UEs

UMi, NLoS UEs

InF-DL

InF-SH

InH


image40.emf
10

-2

10

-1

10

0

10

1

10

2

DS - serving cell [ns]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Delay spread, f

c

=70GHz, 16x16x1 BS, 4x4x2 UE

C

P

 

7

3

.

2

n

s

,

 

S

C

S

 

9

6

0

k

H

z

C

P

 

3

6

.

6

n

s

,

 

S

C

S

 

1

.

9

2

M

H

z

C

P

 

1

8

.

3

n

s

,

 

S

C

S

 

3

.

8

4

M

H

z

UMi

UMi, LoS UEs

UMi, NLoS UEs

InF-DL

InF-SH

InH


image41.emf
10

-2

10

-1

10

0

10

1

10

2

DS - serving cell [ns]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Delay spread, f

c

=60GHz, 32x32x1 BS, 8x8x2 UE

C

P

 

7

3

.

2

n

s

,

 

S

C

S

 

9

6

0

k

H

z

C

P

 

3

6

.

6

n

s

,

 

S

C

S

 

1

.

9

2

M

H

z

C

P

 

1

8

.

3

n

s

,

 

S

C

S

 

3

.

8

4

M

H

z

UMi

UMi, LoS UEs

UMi, NLoS UEs

InF-DL

InF-SH

InH


image42.emf
10

-2

10

-1

10

0

10

1

10

2

DS - serving cell [ns]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Delay spread, f

c

=70GHz, 32x32x1 BS, 8x8x2 UE

C

P

 

7

3

.

2

n

s

,

 

S

C

S

 

9

6

0

k

H

z

C

P

 

3

6

.

6

n

s

,

 

S

C

S

 

1

.

9

2

M

H

z

C

P

 

1

8

.

3

n

s

,

 

S

C

S

 

3

.

8

4

M

H

z

UMi

UMi, LoS UEs

UMi, NLoS UEs

InF-DL

InF-SH

InH


image43.emf
0 20 40 60 80 100 120 140

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, normal CP, UMi,

 f

c

=60GHz, 8x16x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image44.emf
0 20 40 60 80 100 120 140

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, extended CP, UMi,

 f

c

=60GHz, 8x16x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image45.emf
20 40 60 80 100 120 140 160 180

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, normal CP, InH,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image46.emf
20 40 60 80 100 120 140 160 180

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, extended CP, InH,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image47.emf
20 40 60 80 100 120 140 160 180

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, normal CP, InF-SH,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image48.emf
20 40 60 80 100 120 140 160 180

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, extended CP, InF-SH,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image49.emf
0 20 40 60 80 100 120 140

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, normal CP, InF-DL,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image50.emf
0 20 40 60 80 100 120 140

Intersymbol interference SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference SIR, extended CP, InF-DL,

 f

c

=60GHz, 4x8x1 BS, 2x2x2 UE

I

S

I

 

=

 

-

3

0

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image51.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

0

50

100

150

I

n

t

e

r

s

y

m

b

o

l

 

i

n

t

e

r

f

e

r

e

n

c

e

 

S

I

R

 

[

d

B

]

Intersymbol interference SIR (20th percentile), normal CP,

 f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

ISI = -30dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image52.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

0

50

100

150

I

n

t

e

r

s

y

m

b

o

l

 

i

n

t

e

r

f

e

r

e

n

c

e

 

S

I

R

 

[

d

B

]

Intersymbol interference SIR (20th percentile), normal CP,

 f

c

=60GHz, 8x16x1 BS, 2x2x2 UE

ISI = -30dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image53.emf
10

0

10

1

10

2

10

3

CP length [ns]

0

50

100

150

I

n

t

e

r

s

y

m

b

o

l

 

i

n

t

e

r

f

e

r

e

n

c

e

 

S

I

R

 

[

d

B

]

Intersymbol interference SIR (20th percentile), extended CP,

 f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

ISI = -30dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image54.emf
10

0

10

1

10

2

10

3

CP length [ns]

0

50

100

150

I

n

t

e

r

s

y

m

b

o

l

 

i

n

t

e

r

f

e

r

e

n

c

e

 

S

I

R

 

[

d

B

]

Intersymbol interference SIR (20th percentile), extended CP,

 f

c

=60GHz, 8x16x1 BS, 2x2x2 UE

ISI = -30dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image55.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

normal CP, UMi, f

c

=60GHz, BS (1,1,8,16,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image56.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

extended CP, UMi, f

c

=60GHz, BS (1,1,8,16,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image57.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

normal CP, InH, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image58.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

extended CP, InH, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image59.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

extended CP, InF-SH, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image60.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

normal CP, InF-SH, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image61.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

normal CP, InF-DL, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image62.emf
-140 -120 -100 -80 -60 -40 -20 0 20 40

INR = SNR - ISI SIR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Intersymbol interference-over-noise ratio,

extended CP, InF-DL, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

S

I

R

–

S

N

R

 

=

 

3

d

B

SCS=3.84MHz (perfect)

SCS=3.84MHz (offset max tap)

SCS=1.92MHz (perfect)

SCS=1.92MHz (offset max tap)

SCS=960kHz (perfect)

SCS=960kHz (offset max tap)

SCS=480kHz (perfect)

SCS=480kHz (offset max tap)


image63.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (5th percentile),

normal CP, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

SIR

–

SNR = 3dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image64.emf
10

-1

10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (5th percentile),

normal CP, f

c

=60GHz, BS (1,1,8,16,2), UE (1,2,2,2,2)

SIR

–

SNR = 3dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image65.emf
10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (5th percentile),

extended CP, f

c

=60GHz, BS (1,1,4,8,2), UE (1,2,2,2,2)

SIR

–

SNR = 3dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


image66.emf
10

0

10

1

10

2

10

3

CP length [ns]

-100

-80

-60

-40

-20

0

20

40

I

N

R

 

=

 

S

N

R

 

-

 

I

S

I

 

S

I

R

 

[

d

B

]

Intersymbol interference-over-noise ratio (95th percentile),

extended CP, f

c

=60GHz, BS (1,1,8,16,2), UE (1,2,2,2,2)

SIR

–

SNR = 3dB

S

C

S

 

1

5

.

3

6

M

H

z

S

C

S

 

7

.

6

8

M

H

z

S

C

S

 

3

.

8

4

M

H

z

S

C

S

 

1

.

9

2

M

H

z

S

C

S

 

9

6

0

k

H

z

S

C

S

 

4

8

0

k

H

z

S

C

S

 

2

4

0

k

H

z

UMi (perfect)

UMi (offset max tap)

InF-DL (perfect)

InF-DL (offset max tap)

InF-SH (perfect)

InF-SH (offset max tap)

InH (perfect)

InH (offset max tap)


