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1	Introduction
[bookmark: _Hlk60923341][bookmark: _Hlk60935041][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _Hlk60922797]In RAN#90-e [1], based on the outcome of the study item on Supporting NR above 52.6GHz, an updated WI has been approved with the following objectives:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation. 

Following agreements related to PUCCH were made in RAN1#103-e [2]:

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
It is recommended to further investigate potential enhancements to PUCCH to enable higher transmission power when regulatory limits apply. Further potential enhancements to spatial relation management for configured and/or semi-persistent UL signals/channels may be considered.
1. Majority of the sources have identified PUCCH format 0, 1, and 4 as potential candidates for enahancement.
1. Two sources has identified identified all PUCCH formats as potential candidates for enhancement.

Furthermore, agreements that have been made in RAN1#103-e [2] are listed in appendix section 5.1

In this contribution, we provide our views on enhancements PUCCH formats 0/1/4 for NR operation between 52.6 GHz to 71 GHz with newly agreed SCS values including 480kHz and 960kHz.

2	Enhancements for PUCCH

2.1 Common enhancements to PUCCH formats 0/1/4

Maximum PSD requirements per 1MHz bandwidth resolution at 60GHz band differs depending on different regions. For example, it is defined to be limited by 23dBm/MHz in some regions, while it is more restricted in other regions for example with 13dBm/MHz. The required PSD can be satisfied if the UE is configured with multiple RB transmission, e.g. for PUSCH/SRS or multiple RB PUCCH formats such as PF2, PF3 for all supported SCS (120KHz, 480KHz, 960KHz). On the other hand PUCCH formats 0, 1, 4 occupy only one RB for transmission, and since the max UE emitted power depends on the allocated bandwidth, PUCCH transmission at devices own EIRP limit cannot be achieved specially for 120KHz. The transmission power of PUCCH signal under PSD restriction would be limited which leads to a coverage loss. Therefore, these formats require further enhancements to ensure transmission power under EIRP/PSD requirements. One straightforward extension would be to allow for larger RB allocation for PUCCH formats 0/1/4 as well, similar to PUCCH format 2/3. 

Proposal 1: For NR operation between 52.6 GHz and 71 GHz, increased RB allocation for PUCCH formats 0/1/4 should be supported

One possibility to utilize increased number of RBs (more than one) is by simply applying frequency domain repetition of the generated PUCCH. Depending on the configured SCS and the PSD requirement for a certain region, number of RB is configured to repeat the single RB generated PUCCH resources in frequency domain. Having multiple RBs may lead to an increase in the PAPR of the transmitted PUCCH signal. Therefore, PAPR reduction methods may need to be applied on the transmitter side.  

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, frequency domain repetition should be supported for mapping to multiple RBs for PUCCH format 0/1/4

2.2 Specific enhancements to PUCCH format 0
PUCCH format 0 is a low-PAPR format that uses DMRS-less sequence-based detection and the generated sequence is mapped to a single RB. In order to satisfy the PSD requirements, PUCCH needs to be mapped to multiple RBs depending on the configured SCS and the PSD required value for a certain region. One potential solution is to use long base sequence for generating the PUCCH signal, i.e. multiple of the conventional length-12 sequence.  Since the orthogonal sequences require the number of REs of a PUCCH to be larger than or equal to , where  denotes the number of information bits of the UCI, increasing the number REs for mapping one/two bits does not affect the orthogonality between the sequences. In other words, longer base sequence allow for multiple RB mapping of small UCI information without affecting phase rotation separations of the information bits for the UE, i.e the UCI information of one bit ACK/NACK or SR can still be seperated with π phase rotation and two bits informations is seperated with π3/6. For simultaneous ACK/NACK and SR, the phase rotation separation is π/4 for one bit ACK/NACK and π/6 for two bits. Using a longer base sequence would allow for multiplexing higher number of UEs using the same time-frequency resources and different cyclic shifts of the same base sequence. 

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 with longer base sequence (more than length 12) should be supported for mapping to multiple RBs

An alternative solution is to use multiple (same) base sequence of length N, where the number of base sequences is equal to the number of RBs configured for the PUCCH format, if the base sequence length is 12. If the base sequence length is longer for example 24, then one base sequence is mapped to 2 RBs and if 2 base sequences of length 24 are configured, then the total number of RBs is 4. Therefore, generally, total number of RBs can be a multiple of (length of base sequence * number of base sequences)/12. The information bit for a UE is transmitted depending upon the combination of phase rotation on each of the multiple base sequence on each of the multiple RBs. For example, if UE is configured to use 2 RBs for a PUCCH format, and if the PUCCH format is required to transmit only one bit of information i.e. ACK or NACK, then the ACK is indicated if the phase rotation is 0 on each base sequence mapped to each of the RBs and NACK is indicated if the phase rotation is 0 on the 1st base sequence mapped to the first RB (with minimum index) and the phase rotation is π on the 2nd base sequence mapped to the second RB (with minimum index+1). In case of 2 bits UCI, then each of the base sequence is used independently for indication. For example, the 1st bit is indicated by phase rotation of the 1st base sequence mapped to the first RB (such as LSB mapped to RB with minimum index) and the 2nd bit is indicated by the phase rotation of the 2nd base sequence mapped to the second RB (such as MSB mapped to RB with minimum index+1).
 
Proposal 4: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0  transmitted with multiple number of (same) base sequences should be supported for mapping to multiple RBs

Currently, PUCCH format 0 is transmitted either in one or two OFDM symbols for feedback with low latency purpose. This depends on the size of the UCI payload whether it is one or two bits. In order to enable 2 PRBs for mapping PUCCH sequence and enhance the total transmitted power under PSD limitation, may be only one symbol is used even for two bits UCI and PUCCH sequence is mapped on two PRBs. If two symbols are configured for transmission, then repetition on the second symbol can be performed.

Proposal 5: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 should be enhanced to support 2-bit transmission with 1 symbol by mapping to 2 RBs.

2.3 Specific enhancements to PUCCH format 1
[bookmark: _GoBack]PUCCH format 1 is a long format that spans several symbols (4 -14 OFDM symbols), however, it is mapped to a single RB. The BPSK/QPSK modulated information is multiplied with the base sequence and spread using an orthogonal code with length of the number of OFDM symbols configured for PUCCH excluding RS symbols which are TDMed with PUCCH symbols. In order to enable multiple PRBs for mapping modulated PUCCH information, the length of orthogonal code used for spreading can be increased based on the number of the required RBs and the number of the configured OFDM symbols for PUCCH transmission. Such that the length of the orthogonal code will be a multiple of the number of configured OFDM symbols allowing for mapping on multiple RBs.

Proposal 6: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 1 with longer orthogonal code (longer than the configured OFDM symbols for PUCCH) should be supported for mapping to multiple RBs

3	Conclusion 
Here we summarize the observations and proposals from the above sections:


Proposal 1: For NR operation between 52.6 GHz and 71 GHz, increased RB allocation for PUCCH formats 0/1/4 should be supported

Proposal 2: For NR operation between 52.6 GHz and 71 GHz, frequency domain repetition should be supported for mapping to multiple RBs for PUCCH format 0/1/4

Proposal 3: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 with longer base sequence (more than length 12) should be supported for mapping to multiple RBs

Proposal 4: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 transmitted with multiple number of (same) base sequences should be supported for mapping to multiple RBs

Proposal 5: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 0 should be enhanced to support 2-bit transmission with 1 symbol by mapping to 2 RBs.

Proposal 6: For NR operation between 52.6 GHz and 71 GHz, PUCCH format 1 with longer orthogonal code (longer than the configured OFDM symbols for PUCCH) should be supported for mapping to multiple RBs



4	References
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5	Appendix
5.1 Agreements from RAN1#103-e

Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
1. It was observed that amount of specification effort increases with the number of new numerologies enabled and supported for 52.6 GHz to 71 GHz frequency.
1. In order to minimize specification effort while maximizing supported use cases and deployment scenarios applicable for 52.6 GHz to 71 GHz frequency, It is recommended to support 120 kHz subcarrier spacing with normal CP length, and at least one more subcarrier spacing. It is recommended to consider supporting at most up to three subcarrier spacings, including 120 kHz subcarrier spacing. Applicability of the supported subcarrier spacing to particular signals and channels should be further discussed in the corresponding WI phase.
1. It is recommended that numerologies 240 kHz, 480 kHz, and 960 kHz are considered as candidates for additional numerologies in addition to 120 kHz, and numerologies outside this range are not supported for any signals or channels.
1. In order to bound implementation complexity, it is recommended to limit the maximum FFT size required to operate system in 52.6 GHz to 71 GHz frequency to 4096 and to limit the maximum of RBs per carrier to 275 RBs.
1. Selection of the additional subcarrier spacing (on top of 120 kHz) should consider versatility of being able to support various applications and deployment scenarios with all the subcarrier spacings that would be supported by specification, accounting for what is already supported in Rel-15 and Rel-16 specifications.
1. Some companies have noted that ability for a deployed system to operate with a single numerology for all channels and signals is beneficial, and some companies have further noted benefit remains even if SSB numerology is different. Some companies have noted mixed numerology operation is functional and is supported in Rel-15 and Rel-16 specifications (e.g. 240 kHz SSB subcarrier spacing with 120 kHz subcarrier spacing for PDCCH/PDSCH/PUSCH/PUCCH/PRACH in an initial BWP and activation of a dedicated BWP with SCS different than the initial BWP) and consideration of single numerology operation is not needed.

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
Overall implementation complexity for supporting a specific subcarrier spacing may need to consider the following, but not limited to:
1. processing complexity for equalization including inter-carrier interference mitigation (if required to support higher modulation orders) and compensation, andFFT complexity per unit time for a given bandwidth,
1. complexity associated with supporting multiple component carriers to reach a specific throughput
1. complexity associated with supporting given reduced (in abosolute time) requirements on UE processing times (e.g. N1, N2, N3, Z1, Z2, Z3, etc) and UE PDCCH processing budget as a function of subcarrier spacing, if scheduling and monitoring unit is maintained to be one slot.
1. supported features indicated by UE capability signaling or implemented by the gNB
1. complexity associated with supporting required timing error tolerance which may need to considerinitial timing error, timing advance setting, TA granularity, MIMO TAE (TAE value will be defined by RAN4), multi-TRP timing alignment as a function of SCS, whether mixture or a single subcarrier spacing for signals is configured, and deployment scenarios.
1. complexity associated with supporting higher sampling rates and with channel bandwidth larger than 2 GHz

Agreement:
1. It is observed that for a single carrier with the same number of transmitted symbols, in general, smaller subcarrier spacing may potentially provide larger coverage due to use of smaller bandwidth and gears towards (but not limited to) coverage driven scenarios.
1. It is observed that for a single carrier, in general, larger subcarrier spacing may potentially provide higher peak data rates due to use of larger bandwidth and gears towards (but not limited to) peak data-rate driven scenarios.

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
1. Some companies noted that standardization effort to support 240 kHz, 480 kHz, and 960 kHz numerologies are comparable. Some companies noted that standardization effort for 240 kHz numerology could be relatively smaller compared to 480 kHz or 960 kHz numerologies.
1. The following, which is not an exhaustive list, are some potential physical layer impact that are common to all numerologies:
1. supporting unlicensed operation
1. if mixed numerology is supported, supporting mixed numerology operation.
1. SSB and CORESET#0 offsets needed for supported channelization
1. The following, which is not an exhaustive list, are some potential physical layer impact areas for each numerology:
2. 120 kHz:
0. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if needed
2. 240 kHz:
1. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if needed
1. If common SSB/CORESET0 numerology (240/240) is supported, SSB patterns, and CORESET#0 configuration
1. RO configuration
1. Timelines for scheduling, processing and HARQ
1. Potential enhancement to DM-RS, if needed
1. PDCCH monitoring
2. 480 kHz:
2. If 480 kHz SSB is supported, SSB patterns, and CORESET#0 configuration
2. Timelines for scheduling, processing and HARQ
2. RO configuration
2. Potential enhancement to DM-RS, if needed
2. PDCCH monitoring
2. Potential consideration of PTRS enhancement for CP-OFDM and DFT-s-OFDM, if neeeded
2. 960 kHz:
3. Potential consideration of ECP, if needed, depending on deployment scenarios 
3. If 960 kHz SSB is supported, SSB patterns, and CORESET#0 configuration
3. Timelines for scheduling, processing and HARQ
3. RO configuration
3. Potential enhancement to DM-RS, if needed
3. PDCCH monitoring
3. Potential updates to smallest time unit, Tc, used in specifications depending on supported maximum carrier BW

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
Observations on the delay spread distribution:
1. One source (R1-2007654, vivo) observed that for the delay spread distributions for the typical indoor scenarios evaluated, the delay spread of almost 80% of the users are less than 30 nsec.
1. One source (R1-2007982, Ericsson) observed that Factory Scenario A (InF-DH) results in post-beamforming delay spreads that are a significant fraction of the CP duration for 960 kHz SCS.
1. One source (R1-2007943, Intel) observed that 85% of the UE experience r.m.s delay spread small than CP length of 1.92 MHz subcarrier spacing (i.e. 36.6ns) in indoor, outdoor, and factory scenarios.
1. One source (R1-2008615, Qualcomm) observed that for small range indoor hotspot deployment, the channel delay spread is not an issue with normal CP. For outdoor scenarios with larger ISD and at moderate to high SNR (this may be produced by higher EIRP or smaller BW), normal CP demonstrates SINR degradation compared to extended CP. However, for such large coverage, high EIRP, and small BW use cases, we can choose to use a small SCS, e.g., 120kHz, with NCP.
1. One source (R1-2007790, Interdigital) observed that while each scenario experiences different amounts of r.m.s. delay spread, regardless of scenarios, most of UEs experience smaller r.m.s. delay spreads than normal CP of 960 kHz.
1. One source (R1-2009062, Docomo) observed that the mean r.m.s. delay spread of 60 GHz system in Outdoor-B scenario is about 23 nsec and the 95%-tile delay spread value is about 80 nsec. More than half of UE experiences channels with delay larger than 20 ns, which should be referred to in the link performance evaluation with large delay configurations.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. Some companies have noted support of channelization that are aligned with IEEE 802.11ad and 802.11ay channelization is beneficial for coexistence. While some companies have noted alignment of channelization for coexistence is not necessary. Alignment of channelization between a NR channel and IEEE 802.11ad and 802.11ay channel in this context refers to a NR channel that is contained within one of the channels defined for IEEE 802.11ad and 802.11ay and NR channel bandwidth does not cross over channel boundaries of IEEE 802.11ad and 802.11ay. 
1. One company has evaluated misaligned NR wideband channels with 1.6 GHz and 2 GHz without LBT and have not identified coexistence issues between NR and NR.
1. Some companies proposed that 2 GHz channel bandwidth should be supported andhave the raster points for 2 GHz channel bandwidth to be aligned with IEEE 802.11ad and 802.11ay channelization. 
1. Some companies proposed that 1.6 GHz should be the maximum channel bandwidth and channels do not necessarily need to be aligned with IEEE 802.11ad and 802.11ay channelizations.
1. Some companies observed that support of channel bandwidth such as 200 or 400 MHz may enable efficient usage of available spectrum by 3GPP technology. Some companies observed that only supporting channelization that are alignemed with IEEE 802.11ad and 802.11ay channelization result in smaller number of supported channels for some regions of the world.
1. Some companies have observed that channelization based on granularity of minimum supported channel BW would be benefitial and could provide efficient usage of available specturm. Other companies have observerd that support of channel BW such as 1.6 GHz or 2.4GHz would enable efficient usage of 5 GHz allocation in China and 5 GHz IMT allocation in Europe. Some companies have observed that smaller bandwidth (e.g. 1.6 GHz) allows for more channels (e.g., with 1.6 GHz, 3 channels instead of two) in these regions, easing frequency planning between operators at the cost of reduction in available channel bandwidth per carrier.
1. Some companies proposed to support more than one channel bandwidths for a given SCS.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. Some companies noted SSB SCS selection should consider SCS of data/control channels and enablement of single subcarrier spacing operation.
1. Some companies noted support and use of 120 kHz and/or 240 kHz SCS for SSB and 120 kHz subcarrier spacing for CORESET#0 in initial BWP and activation of dedicated BWP with an SCS for data/control different than the initial BWP  may enable re-use of existing NR specification and minimize standardization effort.
1. It was identified to further investigate considerations of SSB patterns, if needed, considering:
0. Unlicensed band operation if LBT is required for SSB, e.g. SSB cycling transmission within a DRS transmission window.
0. Beam switching time between SSB,
0. Coverage of SSB
0. Multiplexing of SSB with CORESET and UL transmissions

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. In order to benefit from higher transmit power, when maximum PSD regulatory requirements exist, RAN1 recommends support of longer PRACH sequence lengths, L=571 and L=1151, defined in Rel-16 NR specification, to be used for NR operating in 52.6 GHz to 71 GHz.
1. It is recommended to not support interlace design for PRACH for NR operating in 52.6 GHz to 71 GHz.
1. It is recommended to further investigate whether or not to support configurations that enable non-consecutive RACH occasions in time domainto aid LBT processes if LBT is required.
1. Some companies noted that PRACH SCS selection should consider SCS of data/control channels and enablement of single subcarrier spacing operation.
1. Some companies noted that 120 kHz SCS for PRACH (even if data/control channel may have different SCS) may be sufficient to support NR operating in 52.6 GHz to 71 GHz from coverage perspective.
1. It was identified that potential enhancements for PRACH should consider system coverage for PRACH with subcarrier spacing larger than 120 kHz, if supported.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It was identified that the potential enhancements to PDCCH monitoring including potential limitation to UE PDCCH configuration,, multiple PDSCH/PUSCH scheduling with a single DCI (using existing DCI formats or new DCI format(s)), spatial relation management for GC-PDCCH, capability related to PDCCH monitoring, and PDCCH coverage should be further investigated for higher subcarrier spacings, including the need for such enhancements.
1. It was observed that PDCCH processing capabilities per multiple slots for larger SCS (e.g. 480 or 960 kHz) can maintain scheduling framework same as for smaller SCS (e.g. 120 kHz) when the UE is configured to monitor the PDCCH every multiple slots.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. Some companies have noted that interlace transmissions for PUSCH do not provide benefit over non-interlaced uplink allocations currently supported by NR for NR operating in 52.6 GHz to 71 GHz, while some companies have noted support of sub-PRB or PRB interlace transmissions for PUSCH may improve transmit power and possibly meets OCB requirements (some companies note OCB requirements can be met without introducing interlacing) when necessary.
1. It was identified that for new subcarrier spacing, if agreed, will at least require investigation on the need for enhacnments and standardization, of the following processing timelines:
1. Processing capability for PUSCH scheduled by RAR UL grant 
1. Dynamic SFI and SPS/CG cancellation timing
1. Timeline for HARQ-ACK information in response to a SPS PDSCH release/dormancy.
1. Minimum time gap for wake-up and Scell dormancy indication (DCI format 2_6)
1. BWP switch delay
1. Multi-beam operation timing (timeDurationForQCL, beamSwitchTiming, beam switch gap, beamReportTiming, etc.)
1. Timeline for multiplexing multiple UCI types
1. Minimum of P_switch for search space set group switching
1. appropriate configuration(s) of k0 (PDSCH), k1 (HARQ), k2 (PUSCH),
1. PDSCH processing time (N1), PUSCH preparation time (N2), HARQ-ACK multiplexing timeline (N3)
1. CSI processing time, Z1, Z2, and Z3, and CSI processing units
1. Any potential enhancements to CPU occupation calculation
1. Related UE capability(ies) for processing timelines
1. minimum guard period between two SRS resources of an SRS resource set for antenna switching
1. It was identified that new subcarrier spacing, if agreed, may require further investigation of multi-PDSCH/PUSCH scheduling and standardization, if needed. The following aspects should be at least investigated for multi-PDSCH/PUSCH scheduling:
2. whether to support a single TB and/or multiple TBs scheduled over multiple slots
2. applicable DCI format(s) (including potential new formats, if needed) for multi-PDSCH and multi-PUSCH scheduling
2. Enhancement on multiple beam indication and association with multiple PDSCH/PUSCH scheduling
2. DM-RS enhancements such as DM-RS bundling, or changes to the time-domain pattern
2. HARQ enhancements for multi-PDSCH
2. Applicability of Rel-16 multi-PUSCH scheduling

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
It is recommended to further investigate potential enhancements to PUCCH to enable higher transmission power when regulatory limits apply. Further potential enhancements to spatial relation management for configured and/or semi-persistent UL signals/channels may be considered.
1. Majority of the sources have identified PUCCH format 0, 1, and 4 as potential candidates for enahancement.
1. Two sources has identified identified all PUCCH formats as potential candidates for enhancement.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It is observed that in Rel-15 NR, absolute time for UE processing requirements generally decrease as subcarrier spacing increases. Some companies noted that introducing smaller UE processing time than Rel-15 and Rel-16, for larger subcarrier spacing, may lead to a more complex UE implementation. Some companies noted that  per slot level monitoring for transmission and reception may not likely be the only mode of operation for higher subcarrier spacing, while some companies noted that per slot level monitoring for transmission and reception may be used as a mode of operation in scenarios that require lower latency.
1. It is observed that, in general, larger subcarrier spacing may have benefit of short symbol/slot length to support lower latency requirements compared to what was supported for Rel-15 and Rel-16 NR, assuming slot-level monitoring subject to scheduling configurations and potentially UE processing capabilities. 
1. It is observed that, in general, channel access with shorter symbol duration may access channel earlier when LBT is passed, assuming slot-level monitoring and potentially subject to UE processing capabilities. 
1. It is observed that, in general, larger subcarrier spacing has higher resilience towards phase noise. Also, in general, the performance impact from phase noise may depend on various properties of the transmission, such as modulation order and coding rate, reception processing (e.g. CPE compensation), and phase noise profile of the UE and gNB.
1. It is observed that, in general, maximum delay spread supported by a SCS is proportional to its CP length and larger subcarrier spacing reduces the budget for timing errors and beam switching, if beam switching delay within CP cannot be avoided by gNB (e.g. by allocating a time gap), due to shorter CP. 
4. CP needs to consider at least delay spread, timing errors (including Te), and timing alignment errors applicable for a deployment scenario.
4. Minimum requirements on timing errors for new SCS values in > 52.6 GHz should be further studied in RAN4 when specifications are developed.
1. Extended CP decreases the spectrum efficiency up to 14% compared to normal CP of the same subcarrier spacing.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
· Some companies observed that the relationship between channel bandwidth and initial access aspects should be taken into account for the supported channel bandwidth(s), especially for minimum channel bandwidth. Some companies observed that a wider minimum channel bandwidth supported for a band may help to limit the number of synchronization raster entries in the band, if the same design principle for Rel-15 licensed bands applies (Minimum channel bandwidth and synchronization raster entries will be defined by RAN4). 
· Available bandwidth within a given carrier for RMSI transmission for SSB and CORESET multiplexing pattern 2 and 3 is smaller than available bandwidth for multiplexing pattern 1. Some companies observed that the channel bandwidth supported for a band should be wide enough to  enable multiplexing e.g. between SSB, CORESET0, and RMSI transmissions in multiplexing pattern 2 and 3. Some companies observed that depending on the supported carrier bandwidth and configured values of O and M, multiplexing pattern 1 can make available more time/frequency resources for RMSI PDSCH in a slot than pattern 2 and 3. Some companies observed that patterns 2 and 3 are more efficient than pattern 1 as it may potentially minimize the broadcast overhead in time.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It is recommended to further investigate the need for DL and UL PT-RS enhancement for the subcarrier spacings to be supported in specifications. PT-RS enhancements, if needed, can consider the following:
0. support of high MCS values,
0. applicability of ICI compensation techniques,
0. PT-RS sequence,
0. time and frequency resources for PT-RS with OFDM and DFT-s-OFDM waveforms.
1. It is recommended to further investigate the need for DL and UL DM-RS enhancements for the subcarrier spacings to be supported in specifications. DM-RS enhancements, if needed, can consider the following:
1. coherence bandwidth and its impact to orthogonal codes used for DM-RS,
1. frequency domain density and overhead,
1. maximum number of DM-RS ports.
1. Some companies noted LBT failure may prevent transmission of periodic reference signals, such as P-TRS, and negatively impact performance. Some companies noted deferral of periodic reference signals may be rare and may not significantly impact system performance. Some companies noted aperiodic reference signals could be used to negate the potential impact from LBT failure.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
It is recommended to investigate whether or not enhancements to CSI processing unit (CPU) availability check is needed when the UE is required to process CSI reports corresponding to multiple numerologies across active BWPs in different component carriers.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
It is recommended that both single and multi-carrier operation are supported to support higher data rates.  Larger SCS may achieve larger aggregated bandwidth with multi-carrier operation given a maximum number of CCs.

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It is recommended to further investigate potential enhancements, if needed, to beam management at least considering one or more of potentially narrower beamwidths, CP duration, multiple beam indications for multi-PUSCH/PDSCH scheduling, triggering of reference signals for beam management, enhancements to beam management for random access procedure, intra- and/or inter-cell mobility, and adaptation to LBT failures.
1. Minimum requirement on beam switching delay in > 52.6 GHz spectrum should be further studied by RAN4 when specification is further developed.

Agreement:
Capture the following for the conclusions of the TR:
------------------------------------- Begin ------------------------------------
Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz was conducted. The study included study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments, and identification of potential critical problems to physical signal/channels, if any. Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz was also conducted.

As an outcome of the study, it is recommended to support 120 kHz subcarrier spacing with normal CP length, and at least one additional subcarrier spacings among 240 kHz, 480 kHz, and 960 kHz subcarrier spacing candidates. It is recommended to consider supporting at most up to three subcarrier spacings including 120 kHz. It is not recommended to consider support of only 240 kHz SCS for PDCCH/PDSCH/PUCCH/PUSCH in addition to 120 kHz. Subcarrier spacing outside 120 kHz to 960 kHz are not supported for any signals and channels. The applicability of the supported subcarrier spacing to particular signals and channels should be further discussed when specifications are developed. It is additionally recommended to limit the maximum FFT size required to 4096 and to limit the maximum of RBs per carrier to 275 RBs. The candidate supported maximum carrier bandwidth(s) for a cell should be between 400 MHz and 2160 MHz. Further investigation of the details of required changes to NR may be needed.

As an outcome of the channel access study, it is recommended to support both channel access with LBT mechanism(s) and a channel access mechanism without LBT for gNB and UE to initiate a channel occupancy. Further investigation of the details of the channel access mechanism may be needed.
---------------------------------------- End --------------------------------------------------

Agreement:
Support of only 240 kHz SCS for PDCCH/PDSCH/PUCCH/PUSCH in addition to 120 kHz should not be considered

