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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#101e meeting, some conclusions were reached and system analysis relative content except unlicensed issue are copied as following:
· Companies are encouraged to provide inputs and considerations for the following identified physical layer aspects:
· Candidate numerology (SCS, and CP length) to be supported by RAN1 specification.
· Discussions may include how RAN1 should conclude on determination of the candidate numerologies
· Discussion may also include identification of any coupling with other system parameters, such as bandwidth (number of PRB), FFT size, etc
· Candidate bandwidths (or range of bandwidth) to be supported by RAN1 specification and related considerations (e.g. maximum FFT size)
· Discussions may include how RAN1 should conclude on determination of the candidate bandwidths
· Identification of potential impacts to PHY due to the candidate numerology and bandwidths 
· Discussion may include how to address the impacts to PHY channels and procedures, such as initial access, UL/DL signal/channel, scheduling/HARQ
· In addition to the above considerations, the following physical layer aspects have been additionally mentioned (but not limited to) in RAN1#101-e and can be further studied:
· Initial access signals/channels
· Investigation of transmissions of SS/PBCH blocks (including beam switching time)
· SSB and CORESET#0 multiplexing
· PRACH sequence lengths to achieve max allowed EIRP
· non-consecutive RO within RACH slot to provide LBT gap
· Other DL/UL signals/channels
· Performance verification of existing and improved RS, e.g., DMRS & PTRS
· Coverage requirements for IAB and for short physical channels
· Handling of control/data channel coverage by OFDM symbol shortening
· Investigation of UL interlace transmissions
· Beam management
· Beam determination/refinement during initial access
· Beam failure detection issues
· DL/UL beam correspondence in licensed/unlicensed spectrum
· Required processing timelines and scheduling
· UE minimum processing timelines and PDCCH monitoring capabilities (BD/CCE limits) for high SCS and their potential impact on scheduling and HARQ functionality of NR
· CSI processing timeline and CSI processing unit availability for different SCS
· Handling of beam switching time for control/data channel transmission
· Scheduling operation, including the T/F scheduling granularity and PDCCH monitoring unit for high SCSs
· Others
· Maintaining cell coverage/link budget for high SCSs
· Supporting rank-2 SU-MIMO for DFT-s-OFDM
· Multi-carrier based operation for multi-RAT coexistence in unlicensed band

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.
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 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. 
 Proposal 1:   The maximum system bandwidth should be supported up to 1 GHz.   The system analysis of supporting more 1 GHz system BW should be carefully evaluated before making the decision.   
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 GHz would imply that the sampling rate would be more than 1 Gbps, which the sampling interval is smaller than 1 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 2:  The maximum FFT size would not increase over the current maximum size of 4096 when the support of system bandwidth is up to 1 GHz.
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


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)

	0
	15
	4688

	1
	30
	2344

	2
	60
	1172

	3
	120
	586

	4
	240
	293

	5
	480
	146




From Table 2, the 480 kHz SCS could support system bandwidth up to 1.96 GHz with the FFT size of 4096.  The operation bandwidth for control and data with the consideration of guardbands would be less than 0.98 GHz for the system bandwidth up to 1 GHz.   Thus, the SCS extended to 240 kHz for control and data channels is sufficient to support the system bandwidth up to 1 GHz.

Proposal 3:  SCS 240 kHz is supported for control and data channels for the maximum system bandwidth up to 1 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 4:  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.  
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.g480KHz/ 960KHz) 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 5:  The system complexity and benefit of introducing the larger SCS for  phase noise mitigation shall be carefully analyzed  
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 SCS for control and data channels, the enhancement of the physical channels need to take into account.    

[bookmark: _GoBack]
2.1. Type0-PDCCH SCS indication in MIB

Current SSB block index in [4] is based on the SSB of 240 kHz SCS and data/control channel symbols of 120 kHz SCS.   For the support of 240 kHz SCS for both control and data channels, the SSB block index needs to be specified based on all OFDM symbols are 240 kHz SCS.   After the detection of a SSB and decoding of PBCH,  UE retrieve the information from PBCH in allocating  the CORESET for Type0-PDCCH CSS for the decoding of SIB1.  The indication of Type0-PDCCH for PDCCH with 240 kHz needs to be specified.. 

2.2. RACH enhancement for higher SCS

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 the 240 kHz SCS is used for PRACH channel and operation above 52.6 GHz with high propagation loss.  


2.3. UE processing capability and the required processing time for higher SCS 

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 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 control and data channels. 


Proposal 6:  The physical channel/signals with the potential impacts by the introducing of higher SCS for data and control channels are as follows, 
· Type0-PDCCH SCS indication in MIB
· PRACH preamble
· UE processing capability and the required processing time for higher SCS 

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

· Proposal 1:   The maximum system bandwidth should be supported up to 1 GHz.   
· Proposal 2:  The maximum FFT size would not increase over the current maximum size of 4096 when the support of system bandwidth is up to 1 GHz.
· Proposal 3:  SCS 240 kHz is supported for control and data channels for the maximum system bandwidth up to 1 GHz in NR operation up to 71 GHz     
· Proposal 4:  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 
· Proposal 5:  The system complexity and benefit of introducing the larger SCS for  phase noise mitigation shall be carefully analyzed
· Proposal 6:  The physical channel/signals with the potential impacts by the introducing of higher SCS for data and control channels are as follows, 
· Type0-PDCCH SCS indication in MIB
· PRACH preamble
· UE processing capability and the required processing time for higher SCS 
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