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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, it is crucial to identify any critical issues with physical signal and channels in the high frequency regime, so that they could be appropriately 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 [4] and further refined in RAN1 #102-e [5]. Additionally, in RAN1 #101-e and RAN1 #102-e, potential PHY issues for the high frequency regime, which should be further investigated during the study have also been discussed and summarized in [4] and [5].
In this contribution, we continue to discuss some key aspects of numerology selection and waveform design and present our views on some potential issues for the high frequency regime. In addition, extensive link-level evaluation was conducted in [4] 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. Desirably, 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 that is 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 previous SI meetings and summarized in [4], [5]. 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 reassessed 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.
In Section 2.2 of [4], 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 various PHY 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 (CPE-only) is enabled (Section 2.2.1),
· 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 ~1.5dB loss compared to other SCSs. 
· At MCS 22 with CDL-B 50ns, 960kHz SCS shows a BLER floor at high CINR due to inter-symbol interference, but the floor is below 10%. 
· The observed performance trends of different SCSs are consistent across all tested channel and antenna 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 (Section 2.2.2),
· 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. 
· At MCS 22 with CDL-B 50ns, 960kHz SCS shows a BLER floor at high CINR due to inter-symbol interference, but the floor is below 10%. 
· The observed performance trends of different SCSs are consistent across all tested channel and antenna configurations.  
[bookmark: _Toc47609867][bookmark: SS_observation]Observation 3: For the PSS and SSS detection performance of different numerologies in the high frequency regime (Section 2.2.3),
· The performance is degraded as the SCS increases due to the enhanced frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~2dB loss for 960kHz SCS compared to 120kHz SCS.
· Antenna Config 2 is more sensitive as the post-beamforming delay spread is likely to be larger than Config 1. 
[bookmark: _Toc47609868][bookmark: PBCH_observation]Observation 4: For the PBCH performance of different numerologies in the high frequency regime (Section 2.2.4),
· The performance is degraded as the SCS increases due to the enhanced frequency selectivity.
· The impact is more pronounced in NLOS channels (i.e., CDL-B and TDL-A) with larger delay spreads: ~1.7dB loss for 960kHz SCS compared to 120kHz SCS.
· Antenna Config 2 is more sensitive as the post-beamforming delay spread is likely to be larger than Config 1. 
[bookmark: PRACH_observation]Observation 5: For the PRACH performance of different numerologies in the high frequency regime (Section 2.2.5),
· No noticeable difference in the misdetection performance is identified among SCSs.
· With the same CINR, the false alarm rate increases as the SCS or sequence length (i.e., bandwidth) increases. 
To summarize, for DL and UL SCHs, particularly with a higher order modulation, the impact of un-compensated inter-carrier interference, which is caused by the phase noise, dominates and, thus, the higher SCS provides better performance in general. On the other hand, for SSB and PRACH, 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 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 strong 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.

Minimum channel bandwidth
In [5] there are a wide variety of use cases identified for this frequency range. We can examine one use-case, an outdoor deployment scenario near the edge of coverage.
For this case we will assume we want a system configuration where the gNodeBs are spaced approximately 80m apart, similar to an FR2 deployment. 
We can use the FR2 REFSENS to illustrate the performance of the new frequency range with minimum bandwidth. This is very straightforward. Let us take n257 as an example. REFSENS for 50 MHz channel bandwidth is -88.3 dBm, and for 400 MHz bandwidth is -79.3 dBm. The additional 9 dB REFSENS power for 400 MHz is due to the 9 dB wider noise bandwidth in the channel.
As an illustrative example, we assume the UE operating at the sensitivity levels used for FR2, however we do not yet know what the REFSENS value in this new frequency range should be. We can use UMi model, assume 52 GHz operation, and calculate the link distances for each bandwidth assuming 40 dBm EIRP from the gNodeB. Fading is not included in this calculation. The results are shown in Table 2. From the table we can see wider channel bandwidths reach is shorter, and that the 50 MHz channel bandwidth. Further 50 MHz channel bandwidth is useful to support  80m ISD deployments.
Proposal 2: 50 MHz channel bandwidth should be included.

Table 2: Link Distance
	Channel bandwidth
	DL in UE RX beam
	UMi link distance

	50 MHz
	-88.3
	85

	100 MHz
	-85.3
	69

	400 MHz
	-79.3
	44



 Conclusion

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: 50 MHz channel bandwidth should be included.
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