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Introduction
In RAN #86, a Rel-17 study item for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As a part of the study item, the study on the waveform is focused on the feasibility of using existing DL/UL waveforms and required changes for the specific frequency regime. Additionally, scaling of numerologies and modification of parameters (e.g., channelization, bandwidth, etc.) of existing FR2 can be studied, considering any practical RF impairments in the frequency regime over 52.6GHz, including higher phase noise, larger propagation loss, and lower power amplifier efficiency, to name a few. In particular, attention should be paid to identify any potential critical issues with physical signal and channels in the high frequency regime, so that they could be addressed during the work item phase [2]. As the first step of the study, the evaluation methodology and assumptions for the link-level simulation were discussed in RAN1 #101-e and the outcomes are summarized in [4]. Additionally, potential PHY issues for the high frequency regime, which should be further investigated during the study have also been discussed and summarized in [4].
In this contribution, we continue to discuss some key aspects of numerology selection and waveform design and figure out potential issues for the high frequency regime. In addition, extensive link-level evaluation is conducted based on the agreed evaluation assumptions in RAN1 #101-e and the results are presented to support out proposals.
Discussion
Numerologies for high frequency regime
In order to minimize specification burden and maximize the leverage of FR2 based implementations, it would be desirable to extend the FR2 operation up to 71GHz with minimal changes, possibly with the adoption of one or a few new numerologies (i.e., larger subcarrier spacings than 120kHz). In this section, we discuss the feasibility of different numerologies in the high frequency regime, with the support of evaluation results provided in Section 2.2.
As the first step of the feasibility study, direct application the existing FR2 numerologies to the high frequency regime can be considered. In other words, 60kHz and 120kHz SCS may be used for control and data channels, and 120kHz and 240kHz may be used for SSBs in the high frequency regime. Also, for the PRACH, different preamble formats of different lengths with the SCS matched to the control and date channels can be used. Note that, to minimize the specification burden, the strategy should be focused on reusing the FR2 design without any changes or with minor modifications. Besides the reduced specification burden, the strategy of reusing the FR2 numerology has additional benefits:
· Expedited provision of imminent commercial opportunities for high data rate communication
· Low non-recurring expense in addition to FR2 networks
· Relatively large coverage, comparable to FR2 (i.e., with up to 400MHz per-CC bandwidth)
Although the spectral proximity between FR2 and the high frequency regime may hint the feasibility of reusing the FR2 numerology, there are many factors that are specific to the high frequency regime, such as practical deployment scenarios or RF impairments. Some of these factors have been discussed in RAN1 #101-e and summarized in [4]. For example, due to excessive phase noise and Doppler effect in high frequency regime, the robustness of physical channels with the FR2 numerology should be revisited as a part of the feasibility study. 
With all the potential benefits of the FR2 numerology in the high frequency regime, it may not be versatile enough for all the use cases and deployment scenarios identified for the high frequency regime (TR 38.807). For example, it would be desirable for scenarios requiring a relatively large coverage with low to medium peak rates, such as eMBB with outdoor deployment. However, other scenarios with very high peak rate and short-range requirements may not be adequate to be served by the FR2 numerology. Furthermore, in the indoor hotspot scenario and on 60GHz unlicensed spectrum, NR would have to coexist with IEEE 802.11ad/ay, which currently supports a very high peak date rate with a large channelization bandwidth, e.g., multiple of 2.16GHz. Therefore, at least for efficient spectrum sharing and for competitiveness, NR in the high frequency regime should also support a very large CC or channelization bandwidth (e.g., ~2GHz).
As observed in multiple sources during RAN1 #101-e, supporting a very large bandwidth with the FR2 numerology is rather challenging and requires significant changes of the existing specification – note that the current specification is founded on the assumption of maximum 275 PRBs and 4k FFT. Thus, as an alternative approach, higher SCSs than 120kHz may be introduced for some applications in the high frequency regime. The values of maximum supported CC bandwidth for different SCSs, with up to 275 PRB allocation (4k FFT), are listed in Table 1. From the table, with 960kHz SCS, over 2GHz CC bandwidth can readily be supported. Additionally, higher SCSs offer enhanced robustness against the phase noise, which is particularly relevant to the applications in the high frequency regime.

[bookmark: _Ref47717130]Table 1: Maximum supported CC bandwidth for different SCSs, with 4k FFT and 275 PRBs.
	SCS
	60kHz
	120kHz
	240kHz
	480kHz
	960kHz

	Max. Bandwidth
	198MHz
	396MHz
	792MHz
	1584MHz
	3168MHz



In Section 2.2, an extensive set of link-level performance results are presented, from which, valuable insights are derived regarding the feasibility of using the legacy FR2 numerologies (i.e., 120kHz) for the high frequency regime, as well as other scaled numerologies (i.e., 240, 480, and 960kHz). Overall, for different channels of different numerologies in the high frequency regime, the following observations are made:
[bookmark: _Toc47609865][bookmark: PDSCH_observation]Observation 1: For the PDSCH performance of different numerologies in the high frequency regime, when PTRS-based phase noise correction is enabled (Table 3, Table 4, and Table 5),
· At low and medium MCSs (MCS 7 and MCS 16, respectively), no noticeable performance difference is identified among SCSs in most of the tested cases. 
· At MCS 22 with 64QAM, due to the increased phase noise impact, 120kHz SCS shows up to ~2.5dB loss compared to other SCSs. 
· At MCS 22 with 64QAM, the performance is degraded with increasing bandwidth as the number of segmented code blocks grows with the transport block size. 
· MCS 27 (MCS Table 2, 256QAM) cannot be supported with the given phase noise model. 
· There is no significant gain from increasing the PTRS density. In some cases, it hurts the performance as the coding gain decreases.
· The observed performance trends of different SCSs are consistent across all tested channel, antenna, and PTRS configurations.
[bookmark: _Toc47609866][bookmark: PUSCH_observation]Observation 2: For the PUSCH (DFT-s-OFDM) performance of different numerologies in the high frequency regime, when PTRS-based phase noise correction is enabled (Table 6, Table 7, and Table 8),
· At low and medium MCSs (MCS 7 and MCS 16, respectively), no noticeable performance difference is identified among SCSs in most of the tested cases. 
· At MCS 22 with 64QAM, due to the increased phase noise impact, 120kHz SCS shows up to ~2.0dB loss compared to other SCSs. 
· At MCS 22, the performance is slightly degraded as the bandwidth increases due to the residual inter-time-domain-sample interference after the frequency-domain equalization. 
· MCS 27 (MCS Table 2, 256QAM) cannot be supported with the given phase noise model.
· The observed performance trends of different SCSs are consistent across all tested channel, antenna, and PTRS configurations. 
[bookmark: _Toc47609867][bookmark: SS_observation]Observation 3: For the PSS and SSS detection performance of different numerologies in the high frequency regime (Table 9, Table 10, and Table 11),
· The performance is degraded as the SCS increases due to the enhanced frequency selectivity.
· The impact is more prominent in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads.
· Antenna Config 2 is more sensitive as the post-beamforming delay spread is likely to be larger compared to Config 1.
[bookmark: _Toc47609868][bookmark: PBCH_observation]Observation 4: For the PBCH performance of different numerologies in the high frequency regime (Table 12, Table 13, and Table 14), no noticeable performance difference is identified among SCSs in most of the tested cases. 
[bookmark: PRACH_observation]Observation 5: For the PRACH performance of different numerologies in the high frequency regime (Table 15),
· No noticeable performance difference is identified among SCSs. 
· The maximum cell range and time offset is reduced as the SCS increases, since the length (in absolute time) of the preamble sequence shrinks.
To summarize, for DL and UL SCHs, particularly with a higher order modulation, the impact of phase noise dominates and, thus, the higher SCS provides better performance in general. On the other hand, for SSB, the bandwidth scales with the SCS while the duration (in number of symbols) is short. Therefore, the impact of frequency selectivity dominates, and the performance is slightly deteriorated as the SCS increases. With all the numerology dependent variance in the performance, there is no irrecoverable failure is identified in any of the tested cases. In other words, any scaled SCSs (i.e., 240, 480, and 960kHz) as well as the legacy 120kHz SCS are acceptable for the operation in the high frequency regime from 52.6GHz to 71GHz. 
From a practical point of view, however, introducing a new numerology entails a load of standardization work. As long as there is no strong motivation or use cases identified, it would be desirable to keep the required number of new numerologies to a minimum. As discussed above, at least SCSs 120kHz and 960kHz seem to have their own use cases. Therefore, the following proposal is put forward.
[bookmark: _Toc47609869][bookmark: SCS_proposal]Proposal 1: For physical control, data, and random access channels and for SSB in the high frequency regime from 52.6GHz to 71GHz, SCSs of 120kHz and 960kHz should be considered.
With 120kHz SCS in the high frequency regime, the CC bandwidth up to 400MHz is readily supported, which would be large enough to offer reasonably high throughput as well as wide coverage, which are comparable to the FR2 deployment. Thus, candidate use cases of 120kHz SCS may include eMBB with outdoor deployment. For 960kHz SCS, although the maximum CC bandwidth of 3.2GHz is supported in theory, other practical factors should be accounted. As discussed earlier, the main use case of 960kHz SCS would be the indoor unlicensed band operation and, thus, supporting the same channelization bandwidth as the incumbent technologies in the same band, i.e., 2.16GHz for IEEE 802.11ad/ay, would be a reasonable choice.
[bookmark: BW_proposal]Proposal 2: Support for the channel bandwidth up to 400MHz and 2.16GHz in the high frequency regime should be considered for 120kHz and 960kHz SCSs, respectively.
The larger the SCS is, the more susceptible to the inter symbol interference the performance is, because the CP length decreases with the SCS. Also, in the high frequency regime, as well as in FR2, spatial beamforming with antenna arrays is typical mode of operation; with a highly directional beam, only a portion of the multi-path components of the channel would be captured and the effective delay spread is reduced.
In order to address this question, we consider link level and system level simulations. Based on the link-level evaluation that we conducted in [3], it was observed that 960kHz SCS can sustain pre-beamforming RMS channel delay spread up to 200ns. For system level simulations, we consider the following deployment scenarios (a) indoor hotspot with 20m ISD and (b) outdoor urban micro with 100m ISD, and we analyze the delay spread from all the UEs in the deployment. The metrics are (1) pre- and post-beamforming delay spread and (2) effective SINR arising from excess delay spread with optimal receiver FFT window placement.
The expected deployment for high SCS is indoor hotspot / personal area networks, and here the channel delay spread is not as severe as outdoor scenario. In particular, the post BF delay spreads are contained within the NCP.
For the outdoor scenario, the delay spreads are worse, with approximately 13% of the UEs exceeding the 73 ns NCP threshold. However, UMi with 100 m ISD with 40 dBm EIRP limit, many UEs may be out of coverage to begin with and hence make the excess delay spread less relevant, since thermal noise may be higher. Therefore, we consider the following study where the SINR is computed with the “signal” defined as the part of the signal received within the CP window and the “interference + noise” includes the signal outside the CP window along with thermal noise and noise figure.
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	[bookmark: _GoBack]Figure 1: (a) Delay Spread Pre-& Post-BF  Indoor HotSpot, (b) Urban Micro Delay Spread ISD = 100m (Highlighted line is at 73 ns: The NCP value for 960 KHz)


We consider two different choices of EIRP, namely 40 dBm, which is the current regulatory limit and 55 dBm, an example of higher EIRP limit that is closer to FR2 implementations. Moreover, we consider three bandwidths of operation, namely 50 MHz, 500 MHz, 2 GHz since they impact the noise floor. With 40 dBm EIRP, the loss due to excess delay spread is up to 1.25 dB at 50 MHz, which may be the only feasible option at 100 m ISD in terms of SNR. With 55 dBm EIRP, the most loss due to excess delay spread is ~1.25 dB for 500 MHz and ~4 dB for 50 MHz. 
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	Figure 2: Urban Micro Post-BF SINR ISD = 100m, (a) EIRP = 40dBm, (b) EIRP = 55dBm


For the deployment scenarios for the high SCS, i.e., indoor hotspot the channel delay spread is not an issue with NCP. For outdoor scenarios with larger ISD and moderate to high SNR – which may be produced by higher EIRP, smaller BW (or), NCP shows an SINR loss compared to ECP. 
[bookmark: CP_proposal]Proposal 3: The study for the high frequency regime should prioritize NCP. ECP may be considered later if needed.

[bookmark: _Ref47425244]Link-level performance evaluation
This section provides link-level evaluation results as per the agreements on the simulation methodology and assumptions in RAN1 #101-e. Some of the key parameter settings for the link-level evaluation are listed in Table 2, yet the complete set of parameters are available in [4]. Any optional features and parameters captured in [4], unless separately stated in Table 2, are not applied for the link-level evaluation.
Partly due to the enormousness of the data and for the compact representation, we largely rely on tabulated performance metrics in the following subsections. For further reference, the entire set of link performance plots are included in the Appendix.

[bookmark: _Ref47394695]Table 2: Link-level simulation parameters
	Parameters
	Values

	Carrier frequency
	60 GHz

	Bandwidth
	400MHz/2GHz

	Antenna config (CDL)
	Config 1
	(Mg,Ng,M,N,P) = (1,1,8,16,2) @gNB
(Mg,Ng,M,N,P)=(1,1,4,4,2) @UE

	
	Config 2
	(Mg,Ng,M,N,P) = (1,1,4,8,2)  @gNB
(Mg,Ng,M,N,P)=(1,1,2,2,2) @UE

	Doppler
	167Hz (3km/h at 60GHz)

	Channel Model and pre-beamforming DS
	TDL-A with 5ns/10ns delay spread
CDL-B with 20ns/50ns delay spread
CDL-D with 20ns/30ns delay spread, K-factor = 10dB

	Phase noise mask
	3GPP TR 38/803, example 2 (BS and UE)

	SCS
	120/240/480/960KHz

	CP config
	Normal CP

	PDSCH/PUSCH symbol index
	(S=2, L=12)

	PDSCH/PUSCH waveform
	CP-OFDM for PDSCH
DFT-s-OFDM for PUSCH

	Number of allocated RBs
	400MHz BW: 256/128/64/32 (for 120/240/480/960kHz SCS, respectively)
2GHz BW: 160 (for 960kHz SCS)

	DMRS symbol index
	2, front-loaded

	PTRS
	PDSCH: (K=4, L=1) or (K=2, L=1)
PUSCH: (Ng=4, Ns=4, L=1)

	MCS
	MCS7/MCS16/MCS22 in MCS Table 1 (TS 38.214)

	Frequency offset
	5ppm/10ppm (for PSS/SSS detection only)

	SSB periodicity
	20ms

	PRACH preamble format
	A3




PDSCH performance
The block error rate performance of PDSCH is evaluated for various channels of different delay spreads and for different combinations of SCS and bandwidth. For CDL channels, the pre-beamforming CINR values in dB, which achieves 10% and 1% PDSCH iBLER, are shown in Table 3 and Table 4 for antenna Config 1 and Config 2, respectively. For TDL channels, the CINR values in dB at a Rx antenna port, which achieves 10% and 1% PDSCH iBLER, are shown in Table 5.

[bookmark: _Ref47552851]Table 3: CINR in dB achieving PDSCH iBLER of 10% ∕ 1%: CDL with config 1
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	-7.2/0.6
	-7.3/0.6
	-7.3/0.9
	-7.1/1.5
	-6.6/0.2

	
	
	CDL-B, 50ns
	-7.3/0.7
	-7.2/1.2
	-7.0/1.5
	-6.3/3.2
	-5.9/2.2

	
	
	CDL-D, 20ns
	-17.2/-11.0
	-17.3/-10.9
	-17.3/-11.0
	-17.2/-10.8
	-17.4/-11.0

	
	
	CDL-D, 30ns
	-17.2/-11.0
	-17.3/-11.0
	-17.3/-11.1
	-17.2/-10.7
	-17.3/-11.0

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	-7.3/0.5
	-7.4/0.5
	-7.3/1.0
	-6.8/1.7
	-7.2/1.2

	
	
	CDL-B, 50ns
	-7.4/0.6
	-7.2/1.1
	-7.0/1.6
	-6.1/3.3
	-6.5/2.9

	
	
	CDL-D, 20ns
	-17.3/-11.1
	-17.3/-10.9
	-17.3/-10.9
	-17.0/-10.4
	-17.4/-11.1

	
	
	CDL-D, 30ns
	-17.3/-11.1
	-17.3/-11.0
	-17.3/-10.9
	-16.8/-10.4
	-17.4/-11.1

	16
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	1.4/8.6
	1.2/8.5
	1.3/9.0
	1.1/8.9
	1.1/8.9

	
	
	CDL-B, 50ns
	1.5/9.0
	1.3/8.9
	1.4/9.5
	1.6/12.2
	1.7/12.6

	
	
	CDL-D, 20ns
	-8.7/-2.9
	-9.0/-3.3
	-9.0/-3.3
	-9.3/-3.5
	-9.3/-3.4

	
	
	CDL-D, 30ns
	-8.8/-2.9
	-8.9/-3.2
	-9.0/-3.2
	-9.3/-3.6
	-9.3/-3.4

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	1.1/8.3
	1.0/8.5
	1.2/8.7
	1.2/8.9
	0.8/8.8

	
	
	CDL-B, 50ns
	1.2/8.7
	1.1/8.8
	1.2/9.3
	1.6/11.9
	1.3/12.0

	
	
	CDL-D, 20ns
	-9.0/-2.9
	-9.1/-3.3
	-9.1/-3.3
	-9.1/-3.5
	-9.5/-3.4

	
	
	CDL-D, 30ns
	-8.9/-3.2
	-9.1/-3.3
	-9.1/-3.4
	-9.2/-3.4
	-9.5/-3.6

	22
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	9.5/−
	8.8/−
	7.8/−
	6.9/16.6
	9.3/−

	
	
	CDL-B, 50ns
	9.4/−
	8.9/−
	8.1/−
	7.9/−
	10.9/−

	
	
	CDL-D, 20ns
	-1.0/−
	-1.9/−
	-3.0/−
	-3.8/2.7
	-1.9/−

	
	
	CDL-D, 30ns
	-1.0/−
	-1.9/−
	-3.1/−
	-3.8/2.7
	-1.5/−

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	8.9/19.7
	8.3/−
	7.5/−
	6.7/15.2
	8.8/−

	
	
	CDL-B, 50ns
	8.8/−
	8.3/−
	7.9/−
	7.6/−
	10.3/−

	
	
	CDL-D, 20ns
	-1.6/−
	-2.3/−
	-3.4/−
	-3.8/2.7
	-2.3/−

	
	
	CDL-D, 30ns
	-1.6/8.0
	-2.3/−
	-3.2/−
	-3.7/2.3
	-2.2/−



[bookmark: _Ref47552908]Table 4: CINR in dB achieving PDSCH iBLER of 10% ∕ 1%: CDL with config 2
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	-0.9/5.5
	-0.9/5.7
	-0.9/6.0
	-0.4/7.0
	-0.5/6.6

	
	
	CDL-B, 50ns
	-0.7/5.6
	-0.5/6.3
	-0.3/7.0
	0.5/9.0
	0.5/8.8

	
	
	CDL-D, 20ns
	-5.3/0.6
	-5.3/0.7
	-5.4/0.8
	-5.1/1.3
	-5.4/1.0

	
	
	CDL-D, 30ns
	-5.3/0.6
	-5.2/0.8
	-5.3/0.9
	-5.1/1.3
	-5.4/1.0

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	-1.0/5.5
	-1.1/5.8
	-1.0/6.3
	-0.4/7.2
	-0.6/6.6

	
	
	CDL-B, 50ns
	-0.8/5.6
	-0.6/6.4
	-0.4/7.0
	0.7/9.0
	0.4/8.7

	
	
	CDL-D, 20ns
	-5.4/0.5
	-5.3/0.9
	-5.4/0.9
	-5.0/1.6
	-5.5/0.8

	
	
	CDL-D, 30ns
	-5.4/0.6
	-5.3/0.9
	-5.3/1.0
	-5.0/1.7
	-5.4/1.1

	16
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	7.5/13.7
	7.4/13.8
	7.7/14.1
	7.7/14.5
	7.8/14.7

	
	
	CDL-B, 50ns
	7.7/14.0
	7.9/14.3
	8.2/14.9
	9.0/19.1
	9.1/19.9

	
	
	CDL-D, 20ns
	3.1/8.8
	3.0/8.6
	3.0/8.7
	2.8/8.6
	2.8/8.6

	
	
	CDL-D, 30ns
	3.2/8.9
	3.1/8.9
	3.1/8.9
	2.8/8.6
	2.8/8.7

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	7.2/13.4
	7.2/13.6
	7.6/14.0
	7.6/14.5
	7.6/14.3

	
	
	CDL-B, 50ns
	7.6/13.9
	7.6/14.1
	8.1/14.9
	9.0/19.0
	8.8/19.0

	
	
	CDL-D, 20ns
	2.9/8.5
	2.8/8.4
	2.9/8.7
	2.9/8.7
	2.6/8.5

	
	
	CDL-D, 30ns
	3.0/8.7
	2.9/8.5
	2.9/8.8
	2.9/8.8
	2.6/8.7

	22
	1 DMRS,
PTRS (K=2, L=1)
	CDL-B, 20ns
	15.3/−
	14.9/−
	14.3/−
	13.3/23.2
	16.2/−

	
	
	CDL-B, 50ns
	15.6/−
	15.5/−
	14.8/−
	16.0/−
	22.7/−

	
	
	CDL-D, 20ns
	10.9/−
	10.4/−
	9.4/−
	8.6/15.6
	10.7/−

	
	
	CDL-D, 30ns
	11.1/−
	10.6/−
	9.5/−
	8.7/15.6
	10.8/−

	
	1 DMRS,
PTRS (K=4, L=1)
	CDL-B, 20ns
	14.9/25.0
	14.5/−
	13.8/−
	13.2/21.5
	15.5/−

	
	
	CDL-B, 50ns
	15.0/−
	14.9/−
	14.4/−
	15.3/−
	20.9/−

	
	
	CDL-D, 20ns
	10.3/−
	9.8/−
	9.2/−
	8.5/15.1
	10.4/−

	
	
	CDL-D, 30ns
	10.4/−
	10.2/−
	9.1/−
	8.5/15.3
	10.4/−



[bookmark: _Ref47552910]Table 5: CINR in dB achieving PDSCH iBLER of 10% ∕ 1%: TDL-A
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	-1.2/0.9
	-1.2/0.9
	-1.2/0.8
	-0.5/1.6
	-1.2/0.2

	
	
	TDL-A, 10ns
	-1.4/0
	-1.3/0.5
	-1.1/0.7
	-0.2/1.5
	-0.8/0.5

	
	1 DMRS,
PTRS (K=4, L=1)
	TDL-A, 5ns
	-1.3/0.8
	-1.2/0.8
	-0.9/1.0
	-0.1/2.2
	-1.3/0.2

	
	
	TDL-A, 10ns
	-1.4/0.2
	-1.4/0.2
	-1.0/0.7
	0.2/1.9
	-0.9/0.4

	16
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	6.8/9.0
	6.7/8.8
	6.7/8.8
	6.8/9.0
	6.5/8.3

	
	
	TDL-A, 10ns
	6.7/8.3
	6.5/7.9
	6.9/8.7
	7.1/8.9
	6.9/8.4

	
	1 DMRS,
PTRS (K=4, L=1)
	TDL-A, 5ns
	6.6/8.6
	6.5/8.6
	6.6/8.6
	6.9/9.1
	6.3/7.9

	
	
	TDL-A, 10ns
	6.4/7.9
	6.4/7.9
	6.7/8.7
	7.1/9.0
	6.7/8.0

	22
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	14.4/18.3
	13.7/−
	12.5/−
	12.2/14.8
	13.3/−

	
	
	TDL-A, 10ns
	14.3/−
	13.7/−
	12.8/−
	12.6/14.9
	13.8/−

	
	1 DMRS,
PTRS (K=4, L=1)
	TDL-A, 5ns
	13.8/18.3
	13.3/−
	12.4/−
	12.3/14.8
	12.8/−

	
	
	TDL-A, 10ns
	13.8/18.5
	13.1/−
	12.3/−
	12.5/14.9
	13.0/−



PUSCH performance
The block error rate performance of PUSCH is evaluated for various channels of different delay spreads and for different combinations of SCS and bandwidth. For CDL channels, the pre-beamforming CINR values in dB, which achieves 10% and 1% PUSCH iBLER, are shown in Table 6 and Table 7 for antenna Config 1 and Config 2, respectively. For TDL channels, the CINR values in dB at a Rx antenna port, which achieves 10% and 1% PUSCH iBLER, are shown in Table 8.

[bookmark: _Ref47552936]Table 6: CINR in dB achieving PUSCH iBLER of 10% ∕ 1%: CDL with config 1
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	-4.4/4.9
	-4.6/4.8
	-4.6/4.7
	-4.7/4.7
	-3.5/5.3

	
	
	CDL-B, 50ns
	-4.0/4.9
	-3.8/4.9
	-3.8/5.1
	-3.8/6.1
	-3.1/6.8

	
	
	CDL-D, 20ns
	-15.3/-8.5
	-15.2/-8.6
	-15.5/-9.1
	-15.9/-9.2
	-15.4/-8.8

	
	
	CDL-D, 30ns
	-15.2/-8.4
	-15.4/-8.7
	-15.4/-9.0
	-16.0/-9.3
	-15.4/-8.8

	16
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	3.5/11.6
	2.9/10.9
	2.8/11.0
	3.2/11.5
	3.6/11.8

	
	
	CDL-B, 50ns
	3.7/11.7
	3.2/11.3
	3.2/11.6
	3.6/16.0
	3.9/15.8

	
	
	CDL-D, 20ns
	-8.4/-2.5
	-9.1/-3.2
	-9.2/-3.3
	-9.0/-3.2
	-8.9/-2.9

	
	
	CDL-D, 30ns
	-8.4/-2.5
	-9.1/-3.1
	-9.2/-3.3
	-9.0/-3.1
	-9.0/-3.0

	22
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	10.4/18.5
	8.8/16.7
	8.5/16.4
	8.7/17.0
	9.3/17.3

	
	
	CDL-B, 50ns
	10.7/18.6
	9.2/16.9
	8.9/17.3
	9.4/−
	9.6/−

	
	
	CDL-D, 20ns
	-1.9/3.9
	-3.6/2.3
	-3.9/1.9
	-3.9/1.9
	-3.7/2.4

	
	
	CDL-D, 30ns
	-2.1/3.9
	-3.5/2.4
	-3.9/1.9
	-3.9/2.1
	-3.6/2.3



[bookmark: _Ref47552939]Table 7: CINR in dB achieving PUSCH iBLER of 10% ∕ 1%: CDL with config 2
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	2.0/10.3
	2.2/10.3
	2.1/10.2
	1.9/9.9
	2.0/9.9

	
	
	CDL-B, 50ns
	2.0/10.3
	2.3/9.9
	2.5/10.6
	2.9/12.0
	2.6/11.7

	
	
	CDL-D, 20ns
	-3.3/3.6
	-3.4/3.4
	-3.4/3.1
	-3.9/2.9
	-3.5/3.6

	
	
	CDL-D, 30ns
	-3.4/3.6
	-3.5/3.0
	-3.5/3.2
	-4.0/2.8
	-3.5/3.5

	16
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	10.1/16.9
	9.5/16.5
	9.3/16.4
	9.9/17.1
	10.3/17.0

	
	
	CDL-B, 50ns
	10.4/16.7
	10.1/16.5
	10.1/17.1
	11.3/27.9
	11.3/−

	
	
	CDL-D, 20ns
	3.5/9.4
	3.0/8.9
	3.0/8.8
	3.1/9.1
	3.2/9.1

	
	
	CDL-D, 30ns
	3.6/9.4
	3.2/9.0
	2.9/9.0
	3.1/9.0
	3.2/9.6

	22
	1 DMRS,
PTRS (Ng=4, Ns=4, L=1)
	CDL-B, 20ns
	17.1/24.4
	15.3/22.2
	15.1/21.9
	15.4/22.7
	15.9/22.1

	
	
	CDL-B, 50ns
	17.4/24.3
	15.8/22.2
	15.7/23.2
	17.7/−
	18.1/−

	
	
	CDL-D, 20ns
	10.1/16.2
	8.7/14.6
	8.5/14.8
	8.6/15.2
	8.9/15.2

	
	
	CDL-D, 30ns
	10.3/16.6
	8.9/15.0
	8.6/14.8
	8.7/15.1
	8.9/15.8



[bookmark: _Ref47552941]Table 8: CINR in dB achieving PUSCH iBLER of 10% ∕ 1%: TDL-A
	MCS
	RS config
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	7
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	2.5/5.7
	2.3/5.6
	2.1/5.2
	1.9/4.8
	2.9/5.6

	
	
	TDL-A, 10ns
	2.8/5.7
	2.7/5.6
	2.6/5.5
	2.6/5.0
	3.4/5.8

	16
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	8.8/11.8
	8.3/11.3
	8.1/11.2
	8.4/11.4
	9.0/11.2

	
	
	TDL-A, 10ns
	9.5/12.0
	8.8/11.2
	8.7/11.0
	9.1/11.6
	9.6/11.2

	22
	1 DMRS,
PTRS (K=2, L=1)
	TDL-A, 5ns
	15.8/20.4
	13.7/17.1
	13.3/16.5
	13.4/16.7
	14.6/16.5

	
	
	TDL-A, 10ns
	16.6/21.2
	14.5/17.5
	13.9/16.6
	14.4/16.7
	14.9/16.9



Synchronization signal detection performance
The probability of PSS/SSS detection is evaluated for various channels of different delay spreads, oscillator inaccuracy, and SCSs. The detection of PSS/SSS is regarded successful if the correct sequence index is identified with a residual timing error within a range of  and a residual frequency error within a range of , where  and  are the CP duration and the SCS, respectively. For CDL channels, the pre-beamforming CINR values in dB, which achieves 90% PSS/SSS detection probability, are shown in Table 9 and Table 10 for antenna Config 1 and Config 2, respectively. For TDL channels, the CINR values in dB at a Rx antenna port, which achieves 90% PSS/SSS detection probability, are shown in Table 11.

[bookmark: _Ref47553013]Table 9: CINR in dB achieving PSS/SSS detection probability of 90%: single SSB, CDL with config 1
	Sync. signal
	Frequency offset
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	PSS
(single SSB)
	5ppm
	CDL-B, 20ns
	-6.6
	-7.1
	-6.6
	-5.8

	
	
	CDL-B, 50ns
	-6.5
	-6.5
	-6.2
	-5.1

	
	
	CDL-D, 20ns
	-19.9
	-20.1
	-20.3
	-19.9

	
	
	CDL-D, 30ns
	-19.8
	-20.1
	-20.2
	-20.1

	
	10ppm
	CDL-B, 20ns
	-7.2
	-6.5
	-6.8
	-6.3

	
	
	CDL-B, 50ns
	-6.8
	-6.1
	-6.0
	-5.4

	
	
	CDL-D, 20ns
	-20.1
	-19.7
	-20.3
	-20.5

	
	
	CDL-D, 30ns
	-20.1
	-19.7
	-20.2
	-20.5

	SSS
(single SSB)
	5ppm
	CDL-B, 20ns
	-6.6
	-7.0
	-6.5
	-5.8

	
	
	CDL-B, 50ns
	-6.5
	-6.4
	-6.2
	-5.0

	
	
	CDL-D, 20ns
	-19.9
	-20.1
	-20.3
	-19.8

	
	
	CDL-D, 30ns
	-19.8
	-20.1
	-20.2
	-19.9

	
	10ppm
	CDL-B, 20ns
	-7.0
	-6.5
	-6.7
	-6.2

	
	
	CDL-B, 50ns
	-6.6
	-6.0
	-6.0
	-5.3

	
	
	CDL-D, 20ns
	-20.1
	-19.7
	-20.2
	-20.4

	
	
	CDL-D, 30ns
	-20.1
	-19.7
	-20.2
	-20.4





[bookmark: _Ref47553015]Table 10: CINR in dB achieving PSS/SSS detection probability of 90%: single SSB, CDL with config 2
	Sync. signal
	Frequency offset
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	PSS
(Single SSB)
	5ppm
	CDL-B, 20ns
	-0.8
	-0.8
	-0.5
	0.6

	
	
	CDL-B, 50ns
	-0.5
	-0.5
	0.5
	1.7

	
	
	CDL-D, 20ns
	-7.7
	-8.2
	-8.3
	-7.8

	
	
	CDL-D, 30ns
	-7.9
	-8.2
	-8.3
	-7.8

	
	10ppm
	CDL-B, 20ns
	-1.2
	-0.5
	-0.3
	0.2

	
	
	CDL-B, 50ns
	-1.1
	0.0
	0.2
	1.2

	
	
	CDL-D, 20ns
	-7.9
	-7.6
	-8.2
	-8.3

	
	
	CDL-D, 30ns
	-7.9
	-7.8
	-8.2
	-8.2

	SSS
(single SSB)
	5ppm
	CDL-B, 20ns
	-0.7
	-0.6
	-0.3
	0.7

	
	
	CDL-B, 50ns
	-0.4
	-0.3
	0.6
	1.9

	
	
	CDL-D, 20ns
	-7.7
	-8.1
	-8.2
	-7.8

	
	
	CDL-D, 30ns
	-7.9
	-8.2
	-8.2
	-7.8

	
	10ppm
	CDL-B, 20ns
	-1.1
	-0.4
	-0.2
	0.3

	
	
	CDL-B, 50ns
	-0.3
	0.1
	0.4
	1.6

	
	
	CDL-D, 20ns
	-7.9
	-7.5
	-8.1
	-8.2

	
	
	CDL-D, 30ns
	-7.9
	-7.7
	-8.2
	-8.1



[bookmark: _Ref47553017]Table 11: CINR in dB achieving PSS/SSS detection probability of 90%: single SSB, TDL-A
	Sync. signal
	Frequency offset
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	PSS
(single SSB)
	5ppm
	TDL-A, 5ns
	-0.4
	-1.3
	-1.1
	0.1

	
	
	TDL-A, 10ns
	-1.0
	-0.9
	-0.5
	0.5

	
	10ppm
	TDL-A, 5ns
	-0.9
	-0.8
	-1.0
	-0.7

	
	
	TDL-A, 10ns
	-1.2
	-0.5
	-0.6
	-0.4

	SSS
(single SSB)
	5ppm
	TDL-A, 5ns
	-0.3
	-1.3
	-1.0
	0.1

	
	
	TDL-A, 10ns
	-0.9
	-0.8
	-0.4
	0.6

	
	10ppm
	TDL-A, 5ns
	-0.9
	-0.7
	-0.9
	-0.6

	
	
	TDL-A, 10ns
	-1.1
	-0.4
	-0.5
	-0.3



PBCH performance
The block error rate performance of PBCH is evaluated for various channels of different delay spreads and SCSs. For CDL channels, the pre-beamforming CINR values in dB, which achieves 1% PBCH BLER, are shown in Table 12 and Table 13 for antenna Config 1 and Config 2, respectively. For TDL channels, the CINR values in dB at a Rx antenna port, which achieves 1% PBCH BLER, are shown in Table 14.


[bookmark: _Ref47553046]Table 12: CINR in dB achieving PBCH BLER of 1%: CDL with config 1
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	CDL-B, 20ns
	-4.9
	-5.0
	-5.4
	-5.5

	CDL-B, 50ns
	-5.0
	-5.6
	-5.4
	-5.6



[bookmark: _Ref47553048]Table 13: CINR in dB achieving PBCH BLER of 1%: CDL with config 2
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	CDL-B, 20ns
	0.8
	-0.1
	0.1
	0.2

	CDL-B, 50ns
	0.7
	-0.4
	0.1
	0.4



[bookmark: _Ref47553050]Table 14: CINR in dB achieving PBCH BLER of 1%: TDL-A
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	TDL-A, 5ns
	-1.2
	-1.9
	-1.8
	-1.8

	TDL-A, 10ns
	-1.9
	-2.1
	-1.5
	-2.8



PRACH performance
The probability of PRACH preamble detection (format A3) is evaluated for various channels of different delay spreads and SCSs. For TDL channels, the CINR values in dB at a Rx antenna port, which achieves 1% PRACH preamble misdetection probability with the false alarm probability less than 0.1%, are shown in Table 15.

[bookmark: _Ref47701086]Table 15: CINR in dB achieving PRACH preamble misdetection probability of 1% with less than 0.1% false alarm: TDL-A
	Channel
	120KHz
	240KHz
	480KHz
	960KHz

	TDL-A, 5ns
	0.3
	-0.2
	-0.5
	-0.4

	TDL-A, 10ns
	0.1
	-0.7
	-0.7
	-0.3



Potential issues with operation in high frequency regime
RF impairment
Utilizing the high frequency regime above 52.6GHz, there are some challenges that have not been extensively explored in Rel-15 and Rel-16, since they are either less significant or not problematic in FR1 and FR2. The challenges include higher phase noise, lager propagation loss (e.g., due to high atmospheric absorption), low power amplifier efficiency, etc. As it is RAN4’s task to set up RF requirements considering diverse factors, such as band, spectrum utilization, PA nonlinearity, etc., RAN1 may consult RAN4 about a feasible RF impairment model, e.g., either an explicit model Tx chain or implicit EVM injection. In RAN1 #101-e, a LS was sent out to RAN4 inquiring RAN4’s input on the RF impairment model. However, because it is likely that RAN4’s SI/WI work happens in parallel with RAN1’s progress, it would be desirable to keep the related discussion in RAN1, at least to align views from different companies.

Physical signal/channel design issues
Reusing a legacy FR2 numerology, such as 120kHz SCS, for the high frequency regime is beneficial from the standardization perspective, since the mature designs of FR2 may largely be applied with minimum effort. On the other hand, in order to introduce a new higher numerology for the high frequency regime, such as 960kHz SCS, all the issues related to the waveform and signal/channel designs need to be carefully revisited, particularly with the RF characteristics, propagation environment, and practical UE’s capabilities into consideration. In this regard, various aspects of physical signal and channel design have been discussed in RAN1 #101-e and summarized in [4].
A physical channel design issue that we think is important but was not discussed in the last meeting is the PUCCH design. In the current standard, some PUCCH formats (e.g., PF0, PF1, or PF4) have a single-RB allocation, which is far short for achieving the maximum allowed EIRP while, at the same time, satisfying the maximum PSD limitation in the 60GHz unlicensed band. The issue may be relevant to some types of devices with high UL transmit power and large array gain. Although some modifications in the PUCCH RB allocation based on interlaces have been introduced in Rel-16 to meet the OCB constraint, it does not seem to address the maximum EIRP/PSD constraint issue.
[bookmark: PUCCH_proposal]Proposal 4: In addition to the design issues discussed in RAN1 #101-e, discuss the design of PUCCH to achieve higher EIRP up to maximum allowed EIRP.

Conclusion
Observation 1: For the PDSCH performance of different numerologies in the high frequency regime, when PTRS-based phase noise correction is enabled (Table 3, Table 4, and Table 5),
· At low and medium MCSs (MCS 7 and MCS 16, respectively), no noticeable performance difference is identified among SCSs in most of the tested cases. 
· At MCS 22 with 64QAM, due to the increased phase noise impact, 120kHz SCS shows up to ~2.5dB loss compared to other SCSs. 
· At MCS 22 with 64QAM, the performance is degraded with increasing bandwidth as the number of segmented code blocks grows with the transport block size. 
· MCS 27 (MCS Table 2, 256QAM) cannot be supported with the given phase noise model. 
· There is no significant gain from increasing the PTRS density. In some cases, it hurts the performance as the coding gain decreases.
· The observed performance trends of different SCSs are consistent across all tested channel, antenna, and PTRS configurations.
Observation 2: For the PUSCH (DFT-s-OFDM) performance of different numerologies in the high frequency regime, when PTRS-based phase noise correction is enabled (Table 6, Table 7, and Table 8),
· At low and medium MCSs (MCS 7 and MCS 16, respectively), no noticeable performance difference is identified among SCSs in most of the tested cases. 
· At MCS 22 with 64QAM, due to the increased phase noise impact, 120kHz SCS shows up to ~2.0dB loss compared to other SCSs. 
· At MCS 22, the performance is slightly degraded as the bandwidth increases due to the residual inter-time-domain sample interference after the frequency-domain equalization. 
· MCS 27 (MCS Table 2, 256QAM) cannot be supported with the given phase noise model.
· The observed performance trends of different SCSs are consistent across all tested channel, antenna, and PTRS configurations. 
Observation 3: For the PSS and SSS detection performance of different numerologies in the high frequency regime (Table 9, Table 10, and Table 11),
· The performance is degraded as the SCS increases due to the enhanced frequency selectivity.
· The impact is more prominent in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads.
· Antenna Config 2 is more sensitive as the post-beamforming delay spread is likely to be larger compared to Config 1.
Observation 4: For the PBCH performance of different numerologies in the high frequency regime (Table 12, Table 13, and Table 14), no noticeable performance difference is identified among SCSs in most of the tested cases. 
Observation 5: For the PRACH performance of different numerologies in the high frequency regime (Table 15),
· No noticeable performance difference is identified among SCSs. 
· The maximum cell range and time offset is reduced as the SCS increases, since the length (in absolute time) of the preamble sequence shrinks.
Proposal 1: For physical control, data, and random access channels and for SSB in the high frequency regime from 52.6GHz to 71GHz, SCSs of 120kHz and 960kHz should be considered.
Proposal 2: Support for the channel bandwidth up to 400MHz and 2.16GHz in the high frequency regime should be considered for 120kHz and 960kHz SCSs, respectively.
Proposal 3: The study for the high frequency regime should prioritize NCP. ECP may be considered later if needed.. ECP may be considered later if needed.
Proposal 4: In addition to the design issues discussed in RAN1 #101-e, discuss the design of PUCCH to achieve higher EIRP up to maximum allowed EIRP.
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Appendix: Link-level performance plots
PDSCH performance
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Figure 3: CDL-B with DS 20ns, Config 1, PTRS (K=4, L=1)
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Figure 4: CDL-B with DS 50ns, Config 1, PTRS (K=4, L=1)
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Figure 5: CDL-B with DS 20ns, Config 1, PTRS (K=2, L=1)
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Figure 6: CDL-B with DS 50ns, Config 1, PTRS (K=2, L=1)
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Figure 7: CDL-D with DS 20ns, Config 1, PTRS (K=4, L=1)
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Figure 8: CDL-D with DS 30ns, Config 1, PTRS (K=4, L=1)
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Figure 9: CDL-D with DS 20ns, Config 1, PTRS (K=2, L=1)
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Figure 10: CDL-D with DS 30ns, Config 1, PTRS (K=2, L=1)
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Figure 11: CDL-B with DS 20ns, Config 2, PTRS (K=4, L=1)
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Figure 12: CDL-B with DS 50ns, Config 2, PTRS (K=4, L=1)
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Figure 13: CDL-B with DS 20ns, Config 2, PTRS (K=2, L=1)
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Figure 14: CDL-B with DS 50ns, Config 2, PTRS (K=2, L=1)
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Figure 15: CDL-D with DS 20ns, Config 2, PTRS (K=4, L=1)
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Figure 16: CDL-D with DS 30ns, Config 2, PTRS (K=4, L=1)
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Figure 17: CDL-D with DS 20ns, Config 2, PTRS (K=2, L=1)
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Figure 18: CDL-D with DS 30ns, Config 2, PTRS (K=2, L=1)
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Figure 19: TDL-A with DS 5ns, Config 1, PTRS (K=4, L=1)
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Figure 20: TDL-A with DS 10ns, Config 1, PTRS (K=4, L=1)
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Figure 21: TDL-A with DS 5ns, Config 1, PTRS (K=2, L=1)
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Figure 22: TDL-A with DS 10ns, Config 1, PTRS (K=2, L=1)


PUSCH performance
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Figure 23: CDL-B with DS 20ns, Config 1, PTRS (Ng=4, Ns=4, L=1)
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Figure 24: CDL-B with DS 50ns, Config 1, PTRS (Ng=4, Ns=4, L=1)
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Figure 25: CDL-D with DS 20ns, Config 1, PTRS (Ng=4, Ns=4, L=1)
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Figure 26: CDL-D with DS 30ns, Config 1, PTRS (Ng=4, Ns=4, L=1)
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Figure 27: CDL-B with DS 20ns, Config 2, PTRS (Ng=4, Ns=4, L=1)
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Figure 28: CDL-B with DS 50ns, Config 2, PTRS (Ng=4, Ns=4, L=1)
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Figure 29: CDL-D with DS 20ns, Config 2, PTRS (Ng=4, Ns=4, L=1)
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Figure 30: CDL-D with DS 30ns, Config 2, PTRS (Ng=4, Ns=4, L=1)
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Figure 31: TDL-A with DS 5ns, PTRS (Ng=4, Ns=4, L=1)
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Figure 32: TDL-A with DS 10ns, PTRS (Ng=4, Ns=4, L=1)


Synchronization signal detection performance
PSS detection
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Figure 33: CDL-B with DS 20ns, Config 1
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Figure 34: CDL-B with DS 50ns, Config 1
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Figure 35: CDL-D with DS 20ns, Config 1
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Figure 36: CDL-D with DS 30ns, Config 1
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Figure 37: CDL-B with DS 20ns, Config 2
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Figure 38: CDL-B with DS 50ns, Config 2
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Figure 39: CDL-D with DS 20ns, Config 2
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Figure 40: CDL-D with DS 30ns, Config 2
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Figure 41: TDL-A with DS 5ns
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Figure 42: TDL-A with DS 10ns


SSS detection
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Figure 43: CDL-B with DS 20ns, Config 1
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Figure 44: CDL-B with DS 50ns, Config 1
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Figure 45: CDL-D with DS 20ns, Config 1
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Figure 46: CDL-D with DS 30ns, Config 1
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Figure 47: CDL-B with DS 20ns, Config 2
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Figure 48: CDL-B with DS 50ns, Config 2
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Figure 49: CDL-D with DS 20ns, Config 2
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Figure 50: CDL-D with DS 30ns, Config 2
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Figure 51: TDL-A with DS 5ns
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Figure 52: TDL-A with DS 10ns


PBCH performance
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Figure 53: CDL-B with DS 20ns, Config 1
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Figure 54: CDL-B with DS 50ns, Config 1
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Figure 55: CDL-B with DS 20ns, Config 2
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Figure 56: CDL-B with DS 50ns, Config 2
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Figure 57: TDL-A with DS 5ns
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Figure 58: TDL-A with DS 10ns





PRACH performance
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Figure 59: TDL-A with DS 5ns
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Figure 60: TDL-A with DS 10ns
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