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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
This contribution discusses about the scope of the WI extending NR to 71GHz, i.e. some of the objectives in the original WID [1] need to be updated based on the SI outcome.
2 Discussions
2.1 Numerology and bandwidth
There were quite extensive discussions during the SI phase on the candidate numerology for the NR above 52.6GHz, especially for the control and data channels, i.e. PDCCH/PUCCH/PDSCH/PUSCH. It has been concluded that in addition to 120kHz, at least one SCS from {480, 960}kHz would be supported, with or without additionally 240kHz.
To our understanding, supporting more numerologies would bring more specification efforts and implementation complexity. One new SCS in addition to 120kHz should be sufficient, and the down-selection could be done between 480kHz and 960kHz. 
Compared with 480kHz SCS, the coverage of 960kHz SCS would be limited, and more specification efforts of 960kHz may be needed in terms of potential consideration of ECP and update on the granularity in the time domain. One of the potential benefits of 960kHz SCS is that larger maximum bandwidth, e.g. >2GHz could be supported for a single carrier based on the 4096 FFT size, so that it is easier to align the channelization with WiFi (IEEE 802.11ad and 802.11ay). However, we also noticed that misaligned channelization may not cause coexistence issue due to the highly directional transmission beam at high frequency. Therefore, 400/800/1600 MHz are preferred as the channel bandwidth(s) for NR above 52.6 GHz since they inherit the design of FR2 and is more flexible to avoid the waste of large spectrum resources in some countries/regions e.g. in China. Friendly coexistence with Wi-Fi systems can be further achieved by directional LBT and other interference mitigation schemes, if necessary, and the channel bandwidth(s) of 400/800/1600 MHz can also be aggregated to achieve larger bandwidth e.g. 2.16 GHz. The other potential benefit is that larger SCS has higher resilience towards phase noise for the high modulation order like 64QAM. While based on the evaluation results in the SI phase, it can be found that by using the appropriate phase noise compensation methods (CPE or CPE + ICI), the performance difference between 480kHz and 960kHz are comparable.
Based on the above analysis, we prefer to select 480kHz as the additional SCS with a maximum bandwidth of 1.6GHz for the control and data channels between 52.6GHz and 71GHz.
Regarding the SCS for SSB and PRACH, based on the evaluation results in the SI phase, it can be found that larger SCSs have no performance gain and may results in poorer coverage, which manifests it is sufficient to re-use the existing numerology in Rel-15 and Rel-16 for the NR operating in 52.6 GHz to 71 GHz. In addition, we do not think the consideration of single numerology operation is needed, i.e. mixed numerology between SSB and other channels is already supported in Rel-15 and Rel-16 specifications.
Proposal 1: 
· Support 480kHz in addition to 120kHz as the SCS for PDCCH/PUCCH/PDSCH/PUSCH in FR3 (i.e. 52.6~71GHz)
· Reuse the existing numerology of SSB and PRACH in Rel-15/16 for the NR operating in 52.6 to 71 GHz, i.e. 120/240kHz for SSB and 120kHz for PRACH
· Consideration of single numerology operation is not needed
· Support up to 1600MHz maximum channel bandwidth
· FFS whether and how to align the channel bandwidth for the coexistence with 802.11ad/ay.

2.2 Required changes on physical signals and channels
The following enhancements on the physical signals and channels may need to be considered due to the increased SCS for data and control channels.
· SSB
Rel-15/16 NR supports five cases for SS/PBCH block (SSB) patterns: Case A with 15 kHz and Case B/C with 30 kHz for FR1, Case D with 120 kHz and Case E with 240 kHz for FR2. Although there is no need to extend the SCS for SSB, the existing patterns of case D/E cannot be multiplexed in time domain with PDCCH with higher SCS (e.g. equal to or larger than 240 kHz). Thus the enhancement on the SSB pattern with 120/240 kHz still needs to be re-considered.
For the multiplexing between SSB and type-0 PDCCH, the existing pattern defined in Rel-15 can be reused if the SCS of Type0-PDCCH is limited to 120kHz. Otherwise, the enhancement on the pattern design needs to be considered.
In addition, sync raster for SSB is tightly related with minimum channel bandwidth, channel raster and SSB signal bandwidth. Currently, mini channel bandwidth e.g. 50MHz or 400MHz is under discussion in RAN4, channel raster and SSB signal bandwidth are also not touched yet, therefore sync raster design should be resolved in the WI phase.
Proposal 2:
· The enhancement on the SSB pattern and the multiplexing pattern between SSB and type0-PDCCH needs to be considered if new SCS is introduced for control channels.
· Sync raster design should be resolved in the WI phase once the minimum channel bandwidth, channel raster and SSB SCS are decided

· PRACH
The SCS of PRACH should be limited to 120kHz, and therefore the configurations for PRACH in FR2 can be reused as much as possible. 
It should noticed that in FR2 60kHz were defined as the reference SCS, while for 52.6~71GHz some of the time domain configurations based on 60kHz slot may not be applicable. Therefore it should be further investigated whether the RO configuration table needs to be updated or not, e.g. taking 120kHz as reference SCS and enabling more ROs in a 120kHz slot. In addition, the table for frequency allocation also needs to be updated as the new numerology for PUSCH is expected to be supported. 
Proposal 3:
· Study further if the PRACH configuration in time and/or frequency domain defined for FR2 needs to be updated for 52.6~71GHz.

· PDSCH/PUSCH/PDCCH/PUCCH
For large SCS such as 480 or 960kHz, the length of one slot is quite small. If slot based scheduling and monitoring is applied, the coverage and transmission efficiency would be limited and the UE processing would be quite challenging.
For UL, the PUSCH scheduling scheme in Rel-16 can be reused, such as multiple TTIs scheduling and slot aggregation. Meanwhile, the multiple TTIs scheduling scheme can be extended to DL PDSCH easily. This includes a single DCI scheduling multiple TBs or one TB across multiple slots.
For NR-U operation in the low band, interlaced transmission was adopted for PUCCH/PUSCH transmission in order to maximize the transmit power under a PSD constraint and to meet the OCB requirement. In above 52.6GHz, as higher SCS is adopted, the PSD and OCB requirements can be satisfied without interlacing. Therefore, it is not necessary to support interlaced uplink transmission for unlicensed operation in 52.6~71 GHz.
Proposal 4:
· Multi-PDSCH/PUSCH scheduling should be supported
· The granularity of PDCCH monitoring should be reconsidered
· Enhanced HARQ feedback for Multi-PDSCH/PUSCH scheduling should be considered
· It is not necessary to support interlaced uplink transmission for unlicensed operation in 52.6~71 GHz.

· Reference signals:
For PTRS, some companies claimed that ICI using block PTRS can compensate the phase noise for 64QAM at lower SCSs, while some other companies showed that the similar performance gain can be achieved by using the legacy PTRS pattern. Regarding the DMRS, companies’ observations on the evaluation results in the SI phase were also divergent. Therefore, unless there is significant gain found, we think the current design of DMRS and PTRS should be reused for 52.6~71GHz.
Proposal 5:
· The design of DMRS and PTRS in Rel-16 should be reused for 52.6~71GHz as the starting point.

· Timeline
In Rel-15/16 NR, the timeline related aspects are defined based on numerology (i.e. SCS), such as BWP switching times, UE processing, HARQ scheduling, UE processing, preparation and computation times for PDSCH, PUSCH/SRS and CSI, respectively. As new SCS is to be defined, those timeline should be revisited depending on the processing capability.
Proposal 6:
· The timeline related items listed in section 4.1.3.1 in TR 38.808 [1] should be further investigated

2.3 Channel access
During the SI phase, different channel access schemes were well studied with positive observations derived from various system level simulation results. Therefore, it is beneficial to support both no LBT and LBT schemes for different use cases and conditions. The switching between LBT and no LBT should be considered as well for the sake of flexibility.
Proposal 7:
· Both LBT and no LBT are supported for NR 52.6~71GHz
· Mechanism for the switching between LBT and no LBT should be supported

· No LBT
Regarding the no LBT scheme, it is supported in Rel-16 as Type 2C channel access scheme, where only at most 584ms transmission duration is allowed to avoid potential interferences for the coexistence scenarios. However, for the high frequency, due to the narrow beams used for the transmission in spatial domain, the inferences is expected to be much smaller. Therefore the use scenario and limitation of transmission duration can be extended. In addition, some interference mitigation schemes can be considered, such as DFS, ATPC, long term sensing, duty cycle, transmit power limitation. Some of them can be left to implementation and some others can reuse the existed mechanisms as much as possible.
Proposal 8:
· For no LBT, enhancements compared to Type 2C channel access should be considered.

· Directional LBT
Regarding the directional LBT, the association between LBT beam(s) and transmission beam(s) should be specified, e.g. the beam used for sensing could be equal to, larger than, or smaller than the transmission beam. On top of that, the energy calculation method and the determination of ED threshold should consider the potential match/mismatch between the LBT beam and transmission beam.
Proposal 9:
· For directional LBT, the association between LBT beam(s) and transmission beam(s) as well as ED threshold determination should be specified 

· Receiver assisted LBT
Receiver assisted LBT are proposed to cope with the potential hidden node problem, similar as the RTS/CTS mechanism used in the WiFi system. The spec impact of receiver assisted LBT mainly includes the content and resource allocation for the feedback channel, as well as the mechanism of sensing at transmitter and receiver. It was mentioned in the SI phase that receiver assisted LBT can be applied for both no LBT and/or LBT at transmitter and receiver. However, we think the motivation of using no LBT at the transmitter side but LBT at the received side is not that clear.
Proposal 10:
· For receiver assistant LBT, the content and resource allocation for the feedback channel should be specified.
· The motivation of using no LBT at the transmitter side but LBT at the received side is not clear

3 Conclusions
In this contribution, we discuss the scoping of the WI for extending the NR to 71GHz. The following proposals are made:
Proposal 1: 
· Support 480kHz in addition to 120kHz as the SCS for PDCCH/PUCCH/PDSCH/PUSCH in FR3 (i.e. 52.6~71GHz)
· Reuse the existing numerology of SSB and PRACH in Rel-15/16 for the NR operating in 52.6 to 71 GHz, i.e. 120/240kHz for SSB and 120kHz for PRACH
· Consideration of single numerology operation is not needed
· Support up to 1600MHz maximum channel bandwidth
· FFS whether and how to align the channel bandwidth for the coexistence with 802.11ad/ay.
Proposal 2:
· The enhancement on the SSB pattern and the multiplexing pattern between SSB and type0-PDCCH needs to be considered if new SCS is introduced for control channels.
· Sync raster design should be resolved in the WI phase once the minimum channel bandwidth, channel raster and SSB SCS are decided
Proposal 3:
· Study further if the PRACH configuration in time and/or frequency domain defined for FR2 needs to be updated for 52.6~71GHz.
Proposal 4:
· Multi-PDSCH/PUSCH scheduling should be supported
· The granularity of PDCCH monitoring should be reconsidered
· Enhanced HARQ feedback for Multi-PDSCH/PUSCH scheduling should be considered
· It is not necessary to support interlaced uplink transmission for unlicensed operation in 52.6~71 GHz.
Proposal 5:
· The design of DMRS and PTRS in Rel-16 should be reused for 52.6~71GHz as the starting point.
Proposal 6:
· The timeline related items listed in section 4.1.3.1 in TR 38.808 [1] should be further investigated
Proposal 7:
· Both LBT and no LBT are supported for NR 52.6~71GHz
· Mechanism for the switching between LBT and no LBT should be specified
Proposal 8:
· For no LBT, enhancements compared to Type 2C channel access should be considered.
Proposal 9:
· For directional LBT, the association between LBT beam(s) and transmission beam(s) as well as ED threshold determination should be specified 
Proposal 10:
· For receiver assistant LBT, the content and resource allocation for the feedback channel should be specified.
· The motivation of using no LBT at the transmitter side but LBT at the received side is not clear
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Appendix
Objective in the original WID RP-193229

According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk26996217]New numerology or numerologies (µ value in 38.211) for operation in this frequency range. Addressing impact on physical signals/channels if any, as identified in the SI. 
· Time line related aspects adapted to each of the new numerologies, e.g., BWP and beam switching times, HARQ scheduling, UE processing, preparation and computation times for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in unlicensed spectrum in this frequency range: Protocol aspects, as required, to  specify the channel access mechanism for unlicensed operation in this frequency range.
· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM core requirements.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.

