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Introduction
The new study item on supporting NR from 52.6 GHz to 71 GHz was  approved in RAN 86 meeting[1],  objects of SI are listed as following 
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· 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 [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· 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 [RAN1].
Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In RAN1#102e meeting, agreements were reached and conclusion were made as follows, 
[bookmark: _Hlk49520809]Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 
· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;
· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;
· If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).
Conclusion:
RAN1 continues study and specification effort for both licensed and unlicensed operation for supporting NR from 52.6 GHz to 71 GHz SI.
· RAN1 strives for maximum commonality for the system design for licensed and unlicensed operation for NR from 52.6GHz to 71GHz, and for maximum re-use of the existing NR design
Agreement:
· Instruct rapporteur to create dedicated (sub-)section for set of identified issues for physical layer NR design.
· Endorse following text proposal as introduction to the (sub-)sections for discussing identified issues for physical layer.
· For supporting NR operation in both licensed and unlicensed band in the frequency range from 52.6 GHz to 71 GHz, FR2 numerologies and additional numerologies beyond that supported currently in NR are studied. Existing framework for numerology scaling is considered i.e.  2μ ×15 subcarrier spacing to select the candidates. For SSB transmissions, it is investigated whether or not µ>4 (larger than 240 kHz) is needed and corresponding impacts, if any, on the aspects including at least SSB pattern, multiplexing of other signal/channels, and transmission window, if supported. For data and control channel transmissions, it is investigated if µ>3 (larger than 120 kHz) is needed and corresponding impacts, if any, on aspects including at least processing timelines, PDCCH monitoring capability (BD/CCE), scheduling enhancements, beam-management, and reference signal design. For investigating the need for higher numerologies, some of the key aspects that are studied are the impact due to phase noise, delay spread, TAE, analog beam switching delay, and impact to coverage, spectral efficiency and peak data rates, and relative delay in intra-cell/inter-cell multi-TRP operations.
Agreement:
· Study whether or not different SSB patterns should be supported for licensed and unlicensed bands.
· For each licensed and unlicensed band, if issues are identified for reuse of existing SSB, consider at least the following aspects for SSB
· Beam switching gap between SSB(s) and between SSB and other signal(s)/channel(s)
· SSB pattern in time domain
· Whether or not it is needed to define a transmission window (such as DRS window), and if needed, number of SSB transmission opportunities within a transmission window
· For each licensed and unlicensed band, if issues are identified for reuse of all or some of the existing SSB and CORESET#0 multiplexing pattern, consider at least the following aspects for SSB, CORESET#0, and other signal/channel design
· Supported multiplexing pattern type(s) (Pattern 1, 2, and/or 3) for SSB and CORESET#0 multiplexing.
· Multiplexing of other signal/channels (e.g. RMSI, paging, CSI-RS) with SSB
· Configuration of Type0-PDCCH search space set 
Agreement:
RAN1 at least considers the following aspects for determination of supported SSB subcarrier spacing
· Detection performance of SSB (including PSS, SSS, PBCH DMRS, and PBCH) and SSB coverage requirement
· Impact on initial cell search complexity due to frequency errors (e.g. carrier frequency offset, Doppler shift, etc)
· Timing detection accuracy and its relation to uplink transmission accuracy
· Signaling design for supporting different subcarrier spacing for SSB and CORESET#0 (if supported)
· Multi-TRP delay considerations
· Consideration of SSB-based RRM/RLM and beam management if the SSB SCS is significantly different from that of the active BWP (e.g., switching gap, scheduling constraint, etc.)
Agreement:
Consider the at least following aspects for PRACH design of NR operating in 52.6 GHz to 71 GHz
· PRACH coverage requirements 
· Applicable PRACH Sequence length(s) and subcarrier spacing(s) for PRACH, including any impact on PRACH coverage and capacity from the applicable sequence length(s).
· RACH RO configurations with new SCS (if new SCS is supported)
· LBT gap between RACH occasions (RO)
Agreement:
Consider at least the following aspects of PT-RS design for a given SCS
· Phase noise compensation performance of existing PT-RS design
· Study of need of any modification/changes to existing PT-RS design
· Potential modification to the PT-RS pattern or configuration to aid performance improvement for CP-OFDM and DFT-s-OFDM waveforms (if needed)
· Potential methods to aid ICI compensation at the receiver (if needed)
Agreement:
Consider at least the following aspects of DM-RS design for a given SCS
· Channel estimation performance of existing DM-RS design with existing and new SCSs (if any)
· Study whether there is a need of any modification/changes to existing DM-RS design
· Potential modification or introduction of new DM-RS pattern, configuration or indication to aid performance improvement for CP-OFDM and DFT-S OFDM waveforms (if needed)
Agreement:
Consider at least the following aspects of processing timelines for new SCS (if agreed) that are not currently supported,
· appropriate configuration(s) of k0, k1, k2,
· PDSCH processing time (N1),
· PUSCH preparation time (N2),
· HARQ-ACK multiplexing timeline (N3)
· CSI processing time, Z1, Z2, and Z3, and CSI processing units
· Any potential enhancements to CPU occupation calculation
· Related UE capability(ies) for processing timelines
· minimum guard period between two SRS resources of an SRS resource set for antenna switching
Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS
· For new SCS, if agreed, that are not supported in Rel-15/16 NR,
· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit
· e.g. slot as Rel-15, or new scheduling/monitoring unit
· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed
· e.g. increased minimum PDCCH monitoring unit
· potential enhancements for CORESET, if needed
· related UE capability(ies) for PDCCH processing
Agreement:
Consider at least the following aspects of scheduling for BWP with a given SCS
· Study of frequency domain scheduling enhancements/optimization for PDSCH/PUSCH, if needed
· e.g. potential impact to UL scheduling if frequency domain resource allocation with different granularity than FR1/2 (e.g. sub-PRB, or more than one PRB) is supported
· Study of time domain scheduling enhancements for PDSCH/PUSCH, if needed
· e.g. increasing the minimum time-domain scheduling unit to be larger than one symbol, supporting multi-PDSCH scheduled by one DCI, supporting one TB mapped to multiple slots (i.e., TTI bundling)
· Study potential enhancements or alternatives to the scheduling request mechanism to reduce scheduling latency due to beam sweeping, if needed
Agreement:
Consider at least the following aspects for uplink transmission
· Study of potential enhancements for PUSCH/PUCCH/PRACH transmissions to achieve higher transmit power (when transmit power spectral density limits apply), if needed
· Study whether uplink interlace needs to be supported for unlicensed operation in 60 GHz band.
· If supported, study uplink PRB and/or sub-PRB based interlace design for PUCCH, PUSCH, and/or SRS.
Agreement:
· Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.
Agreement:
Consider at least the following aspects in system operations with beams 
· Study of BFR mechanism enhancements, if supported
· e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth
· Study of UE capabilities on beam switch timing in beam management procedure
· Study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:
· beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported)
· Study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported
Agreement:
· Consider the study of at least the following aspects, including the justification for the features and their potential benefits, if applicable
· System overhead impact from TDD switching time for larger subcarrier spacing
· Coverage enhancement mechanisms for control channels and SSB, if larger SCS is supported
· Any potential modifications to HARQ processes including number of processes, if supported
· Impact from MAC buffering for larger subcarrier spacing, if any
· NR channelization/sub-channelization and any potential impact from RAN1 perspective
· Additional RF impairments that impact evaluations
· Impact on BWP switching procedure due to new higher SCS, if supported
· Support of rank 2 transmission for DFT-s-OFDM in the uplink
· Other aspects and impacts due to introduction of higher SCS are not precluded.



In this document, the issues on NR new waveform are discussed, which includes subcarrier spacing, channel bandwidth, and some potential issues for physical signal/channel design that were identified during the discussions in RAN1#102-e.   .
1. Discussion on Enhancement of NR new wave form

The study of NR requirements beyond 52.6 GHz in [2] has the requirements of the supporting system bandwidths exceed the 400 MHz maximum bandwidth in NR.   The system bandwidth provided by the regulatory bodies in different regions in certain bandwidth, such 250MHz blocks that can be aggregated to up to 5 GHz in Europe, South Africa, and Canada, 4.75 GHz blocks in UK, up to 5 GHz and 0.9 GHz blocks in US. The IEEE 802.11ad/802.11ay systems support multiple of 2.16 GHz block in unlicensed spectrum.  The maximum bandwidth for a single carrier needs to be supported should be extended from 400 MHz to at least 1 GHz and up to 1.6 GHz for large block of spectrum available for NR operating up to 71 GHz. Larger system bandwidth in high frequency is critical in improving the user perceived throughput (UPT) and improve the trunking efficiency. The increase of the maximum system bandwidth also implies the additional processing capability and processing power at the UE, e.g., sampling rate and processing speed.  The maximum system bandwidth also needs to consider practical hardware limitation and UE complexity since the increase of the maximum system bandwidth would increase the processing speed in RF and baseband proportionally.   Thus, the maximum system bandwidth could not be increased unconditionally without considering the limitation of practical implementation.   
For unlicensed operation in 52.6 -71GHz, the larger system bandwidth might be compatible with other system, such as 802.11ad/802.11ay.    However, the advantage and drawback of supporting larger system BW for NR should be carefully evaluated before the decision is made. 
 
The challenges in RF design for increasing the system bandwidth include A/D sampling, D/A filter, and I/Q mismatch.   The sampling rate for A/D converter could not be lower than the system bandwidth to avoid aliasing.   The support of maximum system bandwidth up to 1.6 GHz would imply that the sampling rate would be more than 1.6 Gbps, which the sampling interval is smaller than 0.625 ns.  
The challenge of the baseband processing is the speed of the data processing and the complexity.  The FFT engine and the channel decoder blocks are two areas with most demanding processing power in the baseband processing.   The complexity of the channel decoder blocks would not increase as the system bandwidth increases due to the maximum code block size constraints.   However, the processing speed needs to increase if the number of coded blocks within an interval increases.   The FFT engine would increase exponentially if the maximum FFT size doubles.   It is undesirable to increase the maximum FFT for wider system bandwidth.  In order to minimize the UE complexity in increasing the system, the FFT size should not be increased.   
Proposal 1:   The maximum system bandwidth should be supported at least 1 GHz and up to 1.6 GHz.  The system analysis of supporting more than 1.6 GHz system BW should be carefully evaluated before making the decision.   
In NR, the following subcarrier spacing (SCS) are supported in TS 38.211.

Table 1:  The numerology and associated CP length supported in NR 
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	To be decided


The subcarrier spacing 15, 30 and 60 kHz are supported for data and control channels in FR1.  The subcarrier spacing of 60, 120 KHz are supported for data and control channels in FR2.   The SSB supports 15/30 kHz and 120/240 kHz SCS for FR1 and FR2 respectively.   The 240KHz SCS is not used by control/data channel in FR2.  
The increase of the subcarrier spacing could effectively increase the support of the maximum system bandwidth.  For higher frequency operation above 52.6GHz and up to 71GHz, the drift and Doppler shift and spread cause by crystal oscillator is more severe comparing to that in low frequency band. The support of larger subcarrier spacing can mitigate the performance degradation caused by the instability of crystal oscillator.  
In NR, the basic time unit is defined as the smallest unit for all NR parameters and configurations.   The basic time unit defined in Rel-15 already taking into consideration of the future NR enhancement.   

The basic time unit Tc in NR is defined as   
where
Δf max=480 kHz  
Nf = 4096. 
The calculation of basic time unit Tc in NR is considered maximum FFT size of 4096 and already takes into account the future enhancement with the assumption of subcarrier spacing of 480 kHz.  Thus, the extension of the SCS in support of maximum system BW up to 1 GHz has been provisioned in the definition of basic time unit Tc.   

The increase of the subcarrier spacing will decrease the CP length in proportion.  The shorter CP length might not be sufficient to mitigate the cross-symbol interference caused by multipath.   If the SCS is extended to up to 480 kHz, the number   The SCS symbol and associated CP length is shown in Table 2.  
[bookmark: _Ref40455223]Table 2:  Extended numerology and its associated CP for NR support up to 71 GHz
	

	

	Length of Cyclic prefix(ns)
	Maximum bandwith

	0
	15
	4688
	50MHz

	1
	30
	2344
	100MHz

	2
	60
	1172
	200MHz

	3
	120
	586
	400MHz

	4
	240
	293
	800MHz

	5
	480
	146
	1600MHz


From Table 2, the 480 kHz SCS could support system bandwidth up to 1.96 GHz with the FFT size of 4096. The maximum bandwidth is 400MHz with maximum SCS of 120 kHz in Rel-15. Following the same channelization principle in NR, the extended system bandwidth with FFT size of 4096 and SCS of 480 kHz could support up to 1.6GHz system bandwidth for NR operation up to 71GHz 

Proposal 2:  SCS 480 KHz is supported for control and data channels for the maximum system bandwidth up to 1.6 GHz in NR operation up to 71 GHz     

2. Deployment Scenarios for NR operation up to 71 GHz

NR system operating in above 52.6 GHz should consider the above bandwidths in the system design.  The deployment scenarios are supported as following description
· Indoor hotspot deployment scenario - the focus is on small coverage with the ISD being 20 meters.
· The dense urban microcellular deployment scenario - the focus is on macro TRPs with or without micro TRPs and high user densities and traffic loads in city centres and dense urban areas.  The  ISD is 200 meters
· The UMi (Urban micro) deployment scenario – the sparse environment is no closely spaced high buildings.   The deployment scenario contains mostly LOS channels.   The  ISD is 200 meters
· The UMa(Urban macro) deployment scenario - The focus is on large cells for fixed wireless UE/IABs. The key characteristics of this scenario are supporting fixed nodes in urban areas.  The ISD is 1732/5000 meters.

Since the Uma/UMi channels are mostly LOS, the multipath delay channel model focuses on indoor office/UMi Street-canyont in [3].    The RMS delay spread values can be obtained according to the following equation, 

		
 where
τn,model is the normalized delay value of the nth cluster in a CDL or a TDL model	
The channel model parameters from [3]  in Table 3 show that short-delay profile and normal-delay profile are major factors for multi-path signals, which is marked in “red”.  The scaling factor is 16 for indoor office scenario, and the scaling factor is 55 for Umi street-canyon scenario.
[bookmark: _Ref40457998]Table 3:  Indoor office and UMi Street-canyon channel models
	
Proposed Scaling Factor  in [ns]
	Frequency [GHz]

	
	15
	28
	39
	60
	70

	Indoor office
	Short-delay profile
	16 
	16 
	16 
	16 
	16 

	
	Normal-delay profile
	24
	20
	18
	16
	16

	
	Long-delay profile
	47
	43
	41
	38
	37

	UMi Street-canyon
	Short-delay profile
	37
	32
	30
	27
	26 

	
	Normal-delay profile
	76
	66
	61
	55
	53

	
	Long-delay profile
	307
	301
	297
	293
	291



Table 4 shows the multipath fading channel model TDL-A. The multipath signals with more than -15dB shown in “red” are major factors for multi-path signals.  The delay spread of the multipath is 4.08ns.
[bookmark: _Ref40458225]Table 4: TDL-A model
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	17
	4.0810
	-12.7
	Rayleigh

	18
	4.4579
	-16.2
	Rayleigh

	19
	4.5695
	-18.3
	Rayleigh

	20
	4.7966
	-18.9
	Rayleigh

	21
	5.0066
	-16.6
	Rayleigh

	22
	5.3043
	-19.9
	Rayleigh

	23
	9.6586
	-29.7
	Rayleigh



From Table 3 and Table 4, the delay spreads are 16*4.08=65.28ns for indoor office and 55*4.08=224.4ns for UMi Street-canyon deployment scenario.   The CP length and the applicable scenarios are shown in Table 5.
[bookmark: _Ref40458738]Table 5:  CP length required for battle inter-symbol interference caused by multi-path fading channel
	

	

	Length of Cyclic prefix(ns)
	Applicable scenario

	4
	240
	293
	 Indoor （65.28ns）
 UMi Street-canyon（224ns）

	5
	480
	146
	Only Indoor 



Proposal 3:  For NR operation on above 52.6GHz and up to 71GHz, the CP length of 240 kHz SCS for both data and control channels are sufficient to cover both indoor office and outdoor UMi Street-canyon deployment scenarios for battling of ISI.  The CP length of 480 kHz SCS for both data and control channels are sufficient to cover indoor office deployment scenarios for battling of ISI.  

Consideration on  larger SCS for phase noise
The modeling of Phase Noise (PN) was agreed in RAN1#101-e to reuse the phase noise model of 2 PN profile defined in TR38.803 [5].   The subcarrier spacing for PDSCH/PUSCH in the evaluation methodology includes   {120, 240, 480, 960} kHz to investigate the benefit of larger SCS to the battle of phase noise. The phase noise increases in proportion to the increase of the carrier frequency.   The performance degradation of the phase noise would be mitigated as by larger SCS in theory since fraction of the received signal phase rotation would be in proportionally reduce with higher SCS.  However, the larger the SCS is the smaller the sampling interval is.  The larger SCS (e.g 960 KHz) introduce the challenges of physical layer design in the reduced coverage of common channel, enhancement of control/data channel, and DL/UL access channel design. The PDSCH performance improvement for the large SCS in phase noise mitigation over that of small SCS is literately shown mainly for 64QAM but marginal for the lower MCS, such as 16QAM/QPSK 

Proposal 4:  The system complexity and benefit of introducing the larger SCS more than 480 KHz for phase noise mitigation shall be carefully analyzed  

The PTRS is used for channel phase estimation and compensation when phase variation is high between subcarrier in high carrier frequency.    The PTRS pattern has the comb-like structure with the density in frequency and time domain about 1 RE per 2 RBs. For the low MCS such as QPSK and 16QAM, the demodulation performance degradation caused by inter-carrier interference from the excessive phase noise is negligible.  , The effect of inter-carrier interference to the 64QAM demodulation would be significant, especially for the NR operation above 52.6GHz. The performance degradation by phase noise would be mitigated with the introduction of larger SCS for data transmission, such as 480 and 960 KHz. 

In [3] and [5], a frequency domain multi-tap filter was proposed for ICI mitigation was discussed with new block-wise PTRS pattern and Rel-15 PTRS pattern (K=2 and L=1) respectively. The evaluation results of link level simulation with three-tap de-ICI filter in the frequency offset compensation  shows that the ICI caused by large phase noise could be mitigated by three-tap de-ICI filter for any  sub-carrier spacing without introducing  larger sub-carrier spacing.  The de-ICI filter could mitigate the ICI caused by large phase noise with either PTRS pattern or new block-wise PTRS pattern. The conclusions in [3] and [5] are that there is no need to increase SCS, e.g., to 960 kHz, to mitigate the ICI caused by large phase noise for NR operation in 52.6-71 GHz.
Proposal 5:  Introducing larger SCS, such as 960 kHz is not essential for the mitigation of ICI caused by large phase noise.  

Potential impacts of physical signal/channel with higher SCS 
The SCS 240 kHz is proposed to support both control and data channel for up to 1 GHz system. The 240 kHz SCS had been supported for SSB in FR2. To support 240 kHz or larger SCS for control and data channels, in this section the enhancement of the physical signal/channels are discussed.    

5.1 SSB design issue for 240 KHz or lager SCS

· Issues on whether or not different SSB patterns should be supported for licensed and unlicensed bands.
In R16, same SSB pattern is adopted for licensed and unlicensed spectrum operation, considering on LBT failure issue and UE expect the SSB is occurred periodic, more slots are allowed to transmit SSB within DRS period, which can give more transmission opportunities for special SSB(s). When the LBT transmission fails for the first SSB transmission opportunity, the SSB can be transmitted on second transmission opportunity once the LBT is successful later. For example, in TS 38.213 section 4.1, in case A (15 kHz SCS), the first symbols of the candidate SS/PBCH blocks having indexes of [image: ] are used for both unlicensed and licensed spectrum,  and  n=0,1 is used for  carrier frequencies smaller than or equal to 3 GHz in condition of licensed operation,   n=   is used for unlicensed spectrum. For up to 71GHz operation, the same mechanism can be used for gNB/UE implement easily.
Proposal 6: The same SSB patterns are supported for licensed and unlicensed bands and NRU mechanism for additional transmission opportunity is reused.
The RF interruption time for beam switching gap is negligible because the CP duration has enough time for beam switching. When new numerology with higher SCS, such as 480 KHz or higher, the CP duration is shorter than the time required for beam switching, which is around 100 ns. One symbol shall be reserved to accommodate the interruption time caused by beam switching delay. The detailed CP duration is listed as following table for different numerology.

Table 6- CP duration for different numerology

	u
	SCS
	CP duratio 

	3 
	120KHz
	585.9ns

	4 
	240K
	293.0ns

	5 
	480K
	146.5ns

	6 
	960K
	73.2ns




Different RF front-end has different RF switching capability, we assume beam switching gap is between 100ns and 200ns, as shown above table. For SCS 120 KHz/240 KHz, RF switching can complete within CP duration.  No additional gap should be considered to accommodate beam switching delay if only 120 KHz/240 KHz SCS is used for NR operation up to 71GHz. 

Observation 1:  No additional gap should be considered to accommodate beam switching delay if only 120 KHz/240 KHz SCS is used for NR operation up to 71GHz. 

If the larger numerology is adopted, e.g SCS=960 KHz) the CP duration is shorter than the RF switching delay (e.g 73.2ns for SCS=960 KHz). There are two potential solutions for this issue as following
· Candidate solution 1: SSB pattern is re-designed and at least one symbol(s) GAP between two SSB(s) within a slot to accommodate the beam switching delay, as in [6]. During the GAP symbol, any transmission of downlink signal/channel including PDCCH/PDSCH/CSI-RS is regarded as invalid.   
.
· Candidate solution 2:  SSB pattern in time domain can be similar to the pattern for SCS=240KHz. Consecutive SSB(s) in time domain are allowed. The beam switching is performed at the end of first SSB within the slot. The fraction of last OFDM Symbol at the first SSB would be truncated. This will lead to roughly 5% performance degradation of PBCH decoding. 
Proposal 7:  The beam switching delay during beam sweeping should be taken into consideration in the SSB burst design for higher SCS.  
For the issue of transmission window (such as DRS window) and  number of SSB transmission opportunities within a transmission window, DRS window defined in Rel-16 NR-U for SSB detection and RLM/RRM measurement, should be considered to include the SSB candidate positions.  ,   RLM/RRM measurements only perform within the DRS windows for the operation in unlicensed spectrum.  For NR operation in unlicensed band up to 71GHz operation, the transmission window designed in NR-U can be reused with the window length adjusted along with  new numerology and number of beams for beam sweeping within 5 ms SSB burst set.  .
The object of WI in [1] is to support of up to 64 SSB beams for licensed and unlicensed operation, In Rel-15, up to 64 SSB candidate positions are already allocated within SSB burst set  for FR2 of licensed,  The SSB index is jointly indicated by the 3 LSB bits from  DMRS sequence of PBCH as the LSBs, and 3 MSB bits from PBCH payload.  For unlicensed operation in FR2, supporting 64 SSB beams needs more than 64 SSB candidate positions  within SSB burst set in case of LBT failure to allow additional SSB transmission  opportunities.  The SSB index is used to indicate the position of SSB transmission within the 5ms SSB burst set.  When the SSB transmission is not continuous due to failure of clear channel indication by LBT, UE would encode the SSB index based on the exact transmission position within 5ms SSB burst set.   For indicating more than 64 candidate positions for SSB transmission, the SSB index needs to be extended to more than 6 bits in order to support up to 64 SSB beams for beam sweeping and taking into account the skipping transmission opportunities due to LBT when operation in unlicensed spectrum.   The additional bit(s) for the extension of SSB index need to be further study 

Proposal 8:  For NR operation in unlicensed spectrum in 52.6-71 GHz, the transmission window defined in Rel-16 NR-U is supported.

Proposal 9:  More than 64  SSB transmission opportunities shall be defined within a 5ms SSB burst set to support up to 64 beams for SSB beam sweeping in case of  occasional LBT failure. The additional bit(s) for the extension of SSB index need to be further study.

· Issue on multiplexing pattern type(s) (Pattern 1, 2, and/or 3) for SSB and CORESET#0 multiplexing, and other signals
The OCB requirement in draft version v2.1.20 of EN 302 567 implies that physical layer signal/channel transmission shall occupy at least 70% of the nominal channel bandwidth. The pattern 2/3 enable CORESET#0 and PDSCH carrying RMSI transmit as FDM mode. Moreover, if the other signals (such as periodic CSI-RS, paging PDCCH/PDSCH) are allowed to FDM with SSB, there are more RBs are occupied in the nominal channel bandwidth to meet the 70% requirement of OCB

Proposal 10:  Patterns 2 and 3 of SSB and CORESET for Type0-PDCCH can multiplex with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  

· Issue on Signaling design for supporting different subcarrier spacing for SSB and CORESET#0
[bookmark: _Hlk53517894]Both 120 KHz and 240 KHz are supported for FR2. If larger SCS, e.g 480 KHz, is introduced, after the detection of a SSB and decoding of PBCH, UE retrieves the information from PBCH in allocating the CORESET for Type0-PDCCH CSS for the decoding of SIB1. In Rel-15, one bit is included in MIB to indicate the SCS of Type0-PDCCH (e.g., 60 or 120 kHz) when the subcarrier spacing of Type0-PDCCH and SSB are different. If new SCS (e.g 240 ) for Type0-PDCCH and the subcarrier spacing of SSB are different, only two candidates of SCS for Type0-PDCCH can be indicated by 1-bit indication in MIB.   The two candidates of SCS by a given SCS of SSB should be predefined.   The complexity of SCS indication in the PBCH increase as the total number of SCS supported for FR2 increases.    
Observation 2:   The complexity of SCS indication in the PBCH increase as the total number of SCS supported for FR2 increases.   

5.2   PRACH design issue 

· Issue on PRACH sequence enhancement
PRACH preamble sequence is used for UE initial access, mobility procedure, and recovery procedure, such as link failure recovery, out-of-sync recovery, and beam failure recovery. PRACH preamble is also used as the triggering of scheduling request when UL SR resource is not available. The PRACH performance based on current PRACH sequence length for 120 kHz SCS would be degraded when it directly applies to 240 kHz SCS since the PSD of PRACH sequence is reduced in half for 240 kHz SCS comparing to that of 120 kHz SCS. The propagation loss for PRACH transmission between 52.6 – 71 GHz is much higher than that of below 52.6 GHz. Thus, the PRACH preamble sequence needs to be investigated in order to have comparable performance when higher SCS is used for PRACH channel and operation above 52.6 GHz with high propagation loss.  


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In order to meet the coverage requirements, the preamble needs to reach  symbols in time domain. The number of symbols occupied by preambles is determined by the preamble format and SCS. The propagation loss would be high if the carrier frequency upon 52.6 GHz, maintaining the existing preamble format may lead to coverage reduction, and affect the reliability of the initial access process. One approach of coverage extension is to increase the power spectrum density of each RE by spreading the same RACH preamble sequence to increasing number of OFDM symbols to lengthen preambles in time domain (cross slots) , e.g. spreading by two times which increases 3dB theoretically. For NR operation in the unlicensed spectrum, the PSD may be low due to EIRP limitations. One possible approach of coverage extension with low PSD is to repeat and concatenate the RACH preamble sequence to increase the processing gain.  
Proposal 11:  Consider supporting the increasing of symbols in time domain to enhance coverage and the extending of frequency domain by repeating and concatenating the RACH preamble sequence in the unlicensed spectrum.

· Issue on RO configuration for larger SCS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The corresponding preamble format, subframe number or slot number, starting symbol, number of PRACH slots within a subframe or number of PRACH slots within a 60 kHz slot, number of time-domain PRACH occasions within a PRACH slot, and PRACH duration can be obtained by PRACH Configuration-Index according to the cell configuration. PRACH SCS support 60 KHz or 120 KHz in FR2, i.e. there is only one PRACH slot within a 60 KHz slot (0.25ms) when SCS is 60 KHz, and one or two PRACH slots within 0.25ms when SCS is 120 KHz.
[image: ]

Figure 3: RO configuration of SCS=120 KHz based on SCS=60 KHz.

Observation 3:  The current RO configuration of FR2, based on the 60 KHz slot as the basic unit, which supports two slots configuration when SCS is120KHz.

Existing PRACH slot configuration mechanism is difficult to support larger SCSs well, because the larger SCS result in more than two slots in the time domain of each 60 KHz slot, but the existing mechanism only supports configuring one or two PRACH slots in each 60 KHz slot, which waste resources possible for PRACH transmission. The solution to this problem could be updating the existing configuration table, adding the clause which configures more than two slots, or change the meaning of N, which N is the number of PRACH slots within a 60 kHz slot, but change the specification considerably. The better approach is reusing the 120 KHz configuration, i.e., using the 120 KHz configuration for the first two slots and repeats the configuration in the last two slots, when SCS is 240 KHz.
[image: ]
Figure 4: RO configuration of SCS=240 KHz based on SCS=60 KHz.
Proposal 12:  When the specification supports SCS=240/480 KHz, reusing 120 KHz configuration for each two slots within 60 KHz slot.

5.3 Processing timelines design issue

The demand of UE processing capability would increase as the increase of the maximum system bandwidth or/and the increase of SCS for the control and data channels.  The UE processing time, such as PDCCH decoding, PDSCH processes and associated HARQ-ACK generation and feedback, and BWP switching, would require additional investigation when SCS 240 kHz or lager SCS is supported for the control and data channels.  A new set of the UE capability needs to be specified as well for the processing time associated with the higher SCS of 240 kHz or lager control and data channels. 
· PDSCH processing time (N1) and PUSCH preparation time (N2)
In Rel-15, PDSCH processing time (N1) and PUSCH preparation time (N2) were discussed carefully and two types of capability are defined.  Capability 2 is for high capability UE to support service with tight processing timeline, such as URLLC service. Capability 1 is for UE with general processing capability and service with moderate processing timeline, such as eMBB. The N1 values of capability 1 in Rel-15 are shown  as follows, 

Table 8: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
(CASE1 )
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 
(CASE 2)

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24




In generally, the N1/N2 value is not necessary scaled same value comparing to scaling the subcarrier space, on the other hand, the user plane delay is not serious issue in up to 71GHz operation since the target of user plane delay requirement has been already satisfied in R15. The detailed value of N1/N2 can be not as precise as in FR1, an example of the N1 arrange for SCS =240 KHz/480 KHz 

Table 9: PDSCH processing time arrange for PDSCH processing capability 1 for SCS=240/480 KHz
	

	PDSCH decoding time N1 [symbols]

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

	3
	20 
	24

	4
	30-40
	35-48

	5
	60-80
	70-90




5.4 beam management

In Rel-16, both 4-step and 2-step RACH are supported for unlicensed/licensed spectrum.  During the RACH procedure, the same beam is assumed by UE corresponding to the received beam from SSB selected by UE before transmit RACH Msg1. When UE transmit RACH Msg1, the UL beam direction is derived based on   to the beam correspondence to the SS/PBCH block beam. When UE receive the RACH Msg2, the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block that UE used for RACH association. The same DL/UL beam correspondence mechanism is assumed by UE for the operation in unlicensed spectrum. If the beam needs to be dynamically adapted during the RACH procedure due to UE moving or LBT failure on the beam for the operation in unlicensed spectrum, UE can restart the PRACH procedure from RACH Msg1.

For above 52.6GHz, narrow beam width beam formed operation would be expected. The beam adaptation of SSB detection and RACH procedure may be dynamically changed the DL/UL beam correspondence. Additional enhancement of beam adaptation for initial access needs to be studied.  

If the beam becomes narrower, the corresponding beam may likely misalign or vary in time during the initial access due to the UE mobility or blocking of line of sight signals. The static DL/UL beam correspondence assumed by UE during random access procedure might not work properly. The initial random access procedure may need to dynamically adapt the UL beam among different RACH transmission. The dynamic beam adaptation for RACH Msg3 and response to the Msg4 transmission needs further investigation.  
[image: ] 
Figure 6 procedure of Msg3/Msg4 beam re-selecting
Proposal 13:  In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.

Conclusion 
This contribution discussed the new waveform for the support of NR operation up to 71 GHz. We have the following proposals,

· Observation 1:  No additional gap should be considered to accommodate beam switching delay if only 120 KHz/240 KHz SCS is used for NR operation up to 71GHz. 
· Observation 2:   The complexity of SCS indication in the PBCH increase as the total number of SCS supported for FR2 increases.   
· Observation 3: The current RO configuration of FR2, based on the 60 KHz slot as the basic unit, which supports two slots configuration when SCS is120KHz.
· Proposal 1:   The maximum system bandwidth should be supported at least 1 GHz and up to 1.6 GHz.   The system analysis of supporting more than 1.6 GHz system BW should be carefully evaluated before making the decision.
· Proposal 2:  SCS 480KHz is supported for control and data channels for the maximum system bandwidth up to 1.6 GHz in NR operation up to 71 GHz     
· Proposal 3:  For NR operation on above 52.6GHz and up to 71GHz, the CP length of 240 kHz SCS for both data and control channels are sufficient to cover both indoor office and outdoor UMi Street-canyon deployment scenarios for battling of ISI. The CP length of 480 kHz SCS for both data and control channels are sufficient to cover indoor office deployment scenarios for battling of ISI.  
· Proposal 4:  The system complexity and benefit of introducing the larger SCS more than 480 KHz for phase noise mitigation shall be carefully analysed. 
· Proposal 5:  Introducing larger SCS, such as 960 kHz is not essential for the mitigation of ICI caused by large phase noise. 
· Proposal 6: The same SSB patterns are supported for licensed and unlicensed bands and NRU mechanism for additional transmission opportunity is reused.
· Proposal 7:  The beam switching delay during beam sweeping should be taken into consideration in the SSB burst design for higher SCS.  
· Proposal 8:  For NR operation in unlicensed spectrum in 52.6-71 GHz, the transmission window defined in Rel-16 NR-U is supported.
· Proposal 9:  More than 64 of SSB transmission opportunities shall be defined within a 5ms SSB burst set to support up to 64 beams for SSB beam sweeping in case of  occasional LBT failure.   The 6 bit SSB index in R15 is reused.  another MSB 1 bit shall be defined  in PBCH/MIB, the scheme is FFS
· Proposal 10:  Patterns 2 and 3 of SSB and CORESET for Type0-PDCCH can multiplex with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  
· Proposal 11:  Consider supporting the increasing of symbols in time domain to enhance coverage and the extending of frequency domain by repeating and concatenating the RACH preamble sequence in the unlicensed spectrum.
· Proposal 12:  When the specification supports SCS=240/480 KHz, reusing 120 KHz configuration for each two slots within 60 KHz slot.
· Proposal 13:  In initial access, the beam adaptation for Msg3 and Msg4 transmission can be adapted based on the beam measurement report from UE.
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