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Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss some required changes to NR using existing DL/UL NR waveforms. In particular, some changes to NR-U PUCCH are proposed.
Synchronization Signals for 71 GHz Extensions
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell identity (ID) of the cell. A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS). A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, and form a SS/PBCH block. PSS and SSS allow the UEs to get synchronized, and by decoding PBCH, the UEs obtain minimal system information to be able to complete configuration and receive and initiate downlink (DL) and uplink (UL) communication respectively.
SS/PBCH Burst Design 
For beam-based operation, the base station may employ beam sweeping, transmitting beams in different directions. 3GPP Release-15 allows 4 beams up to 3 GHz and 8 beams beyond 3 GHz in FR1. For FR2, the base station may employ up to 64 beams. With beam sweep operation, each beam may need to transmit its own SS/PBCH block to allow UE synchronization and enable successful DL and UL data communication. 
SS/PBCH block burst spans 5 m-sec where the base station may transmit SS/PBCH blocks for active beams up to the maximum number of beams according to the operating carrier frequency. Thus, SS/PBCH blocks for active beams will always be confined within a burst of 5 m-sec. 3GPP has defined the SS/PBCH burst patterns in RAN1 specifications which provide the symbol indices where the base station will transmit SS/PBCH blocks. The following figure shows the burst design for 120 KHz and 240 KHz sub-carrier spacings.
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[bookmark: _Ref42635278]Figure 1: SS/PBCH Block Positions for 120 KHz and 240 KHz SCS
Following the standardization in Rel-15, the burst patterns need to be defined for new numerologies which is the main objective in this WID. One possibility can be to re-use the existing patterns over the higher numerologies. This may though not be optimal as it may introduce collisions when different numerologies are being used for SS/PBCH and for data transmissions. To avoid such risks, new SS/PBCH burst designs for new numerologies need to be investigated. FR2 already uses the sub-carrier spacings of 60 KHz and 120 KHz for data, and 120 KHz and 240 KHz for SS/PBCH. With the introduction of new numerologies, a single burst design which avoids the collisions on the DL and UL control occasions for all the allowed sub-carrier spacing can be quite complicated. We propose to split the sub-carrier spacings in two groups to simplify the design. Then all the data communication over a given carrier and all the control/synchronization transmission will use the SCSs within that group. One group in FR2 can comprise of sub-carrier spacings from 60 KHz to 240 KHz. The other group can comprise of 240 KHz and new sub-carrier spacings introduced during Rel-17 study. 
Proposal 1: Introduce groups of SCS in FR2 and all control/data communication will use the SCS from one such group.
UE Timing Determination in 5G NR 
3GPP Release-15 specified the mechanism of system timing determination at a UE which comprises of determining the system frame number (SFN), half radio frame flag and the beam index. The beam index corresponds to the position of a given SS/PBCH block in the SS/PBCH burst in a given half-frame. SFN, half-frame flag and beam index become available at a UE after a successful PBCH decoding which is part of SS/PBCH block. PBCH is used to transmit the master information block (MIB) received from higher layers to which physical layer adds some additional information in the form of PBCH payload. Radio frame identification, indicated as 10 bit SFN (denoted as bits s0 to s9), is ensured by transmitting 6 most significant bits (MSBs) s4 to s9 in master information block (MIB) payload. MIB payload is the transport block provided to physical layer from medium access control (MAC) layer. Four least significant bits (LSBs) of SFN, s0 to s3, and half-frame flag bit are transmitted as part of PBCH payload. Physical layer adds PBCH payload to MIB payload and transmits the combined MIB payload and PBCH payload over PBCH after physical layer processing.
For beam index identification, 6 bits b0-b5 are required to indicate up to 64 beams (or SS/PBCH positions in the burst) which are permitted by 3GPP for frequencies beyond 6 GHz. 3 LSBs b0-b2 are transmitted using the PBCH demodulation reference symbols (DMRS) by modulating the initialization sequence used to generate the DMRS. 3 MSBs b3 to b5 are transmitted as part of PBCH payload which physical layer adds on top of MIB.
Following the approach adopted in NR-U Release-16, the number of candidate positions need to be increased over the unlicensed carriers to compensate the random nature of channel access. Thus, if an SS/PBCH cannot be transmitted over its position, it should be allowed to be transmitted in a later position. Once SS/PBCH candidate position is known within the SS/PBCH burst, the UEs can determine the complete system timing by combining this information with SFN and half frame flag. Increasing the maximum number of SS/PBCH candidate positions for unlicensed spectrum to handle the channel access uncertainty leads to increased size of SS/PBCH candidate position index compared to the maximum number of beams. FR2 sub-carrier spacing having a larger number of slots within the burst duration will allow a larger number of new candidate positions. This can become even larger with the introduction of new numerologies with higher sub-carrier spacings. 
Observation 1: FR2 existing SCS and new numerologies can provide a large number of potential SS/PBCH candidate positions to combat channel uncertainty issues.
This will require a design for PBCH or MIB which can accommodate transmission for larger numbers of these candidates.
Proposal 2: It is proposed to investigate how to transmit the indication about additional SS/PBCH candidate positions which can become available with existing FR2 numerologies or future new numerologies.
Minimum System Information Transmission for 71 GHz Extensions
In 5G new radio (NR), a UE needs to decode at least MIB and SIB1 to start any form of communication. For this reason, MIB and SIB1 are often termed as minimum system information (MSI). In NR, both MIB and SIB1 are always transmitted in a broadcast fashion. MIB is transmitted over physical broadcast channel (PBCH), and it carries the most fundamental system information. 
The control resource set (CORESET) configured through MIB is called CORESET#0, and is used to transmit downlink control information (DCI) which indicates the resource scheduled for physical downlink shared channel (PDSCH) carrying SIB1. As MIB is the most fundamental piece of system information, and SIB1 carriers the remaining minimum system information, SIB1 is also termed as remaining minimum system information (RMSI).
Multiplexing Patterns for SS/PBCH Block and CORESET 0 in Rel-15
For beam based transmissions, each beam transmits an SS/PBCH block. 3GPP has defined the burst patterns for SS/PBCH blocks for beam based operation. To enable successful operation for UEs, independent of the beam they are located, the base station transmits SS/PBCH block (carrying MIB) and SIB1 in each beam, thus each SS/PBCH block has an associated CORESET 0 (carrying the scheduling where RMSI is transmitted) in that specific beam to indicate the resource carrying SIB1 over PDSCH.
3GPP has defined three multiplexing patterns (MP) for multiplexing of SS/PBCH block and CORESET 0. The SCSs allowed in lower frequency range FR1 only use MP1 for the multiplexing of SS/PBCH block and CORESET 0, whereas the SCSs allowed in higher frequency range FR2 can be configured to be used either MP1, MP2 or MP3.
Challenges for MSI Transmission at 71 GHz
For beam based operation, the base station will transmit SS/PBCH block, PDCCH in CORESET 0 and associated PDSCH carrying SIB1 in each beam direction. With a large number of active beams, where the user density may not be equally distributed, transmission of SS/PBCH block, PDCCH and PDSCH for SIB1 require the activation of each beam for a minimum duration allowing such transmissions, resulting in waste of time-frequency resource leading to very poor system efficiency. The issue will become more serious with new numerologies as there are going to be new combinations for SCS of SS/PBCH block and PDCCH scheduling SIB1.
Observation 2: The transmission of minimum system information with a large number of active beams makes the system inefficient and imposes beam switching constraints, resulting in reduced scheduler flexibility.
The problem aggravates even further in case of unlicensed spectrum due to channel uncertainty as the base station may lose the channel ownership in the gaps between any of these transmissions or due to the requirement of performing channel access procedures between these transmissions.
Observation 3: For shared carriers, the transmission of minimum system information with a large number of active beams brings additional issues related to channel ownership, and potential requirements to perform channel access procedures while switching the beams.

The issues described above need to be investigated, and potentially if the existing multiplexing mechanisms for SS/PBCH block and RMSI are not sufficient, new mechanisms need to be defined for efficient transmission of system information on new range of frequencies.

Proposal 3: It is proposed to investigate efficient transmission of MSI including the multiplexing patterns for both licensed and shared carriers.
Discussion on NR-U PUCCH for 60 GHz band
Overview of NR-U PUCCH (Rel.16)
In Rel.15, 5 PUCCH formats have been defined to support the variety of UCI payload sizes and various user multiplexing and reliability requirements.  In frequency domain, PF0, PF1 and PF4 occupy 1 PRB while PF2 and PF3 occupy up to 16 PRB.
As it is operating in unlicensed bands, NR-U is subject to additional constraints compared to NR Rel15. These constraints come from regulatory requirements and from the need for fair coexistence with other systems operating in the same bands.
Among these additional constraints, two are of major importance for NR-U design, namely fair coexistence with WiFi systems and high effective BW occupation (a.k.a. OCB requirements) imposed by certain regional regulations [ETSI EN 301 893 V2.1.1, Harmonized European Standard, 5 GHz RLAN. May 2017.]
To satisfy fair WiFi coexistence requirements, NR-U channel access relies on LBT (Listen Before Talk) mechanisms and time usage of the channel must be constrained by MCOT (Maximum Channel Occupation Time).
For coexistence reasons, NR-U design is forced to use a set of parameters compliant with WiFi, in particular NR-U PUCCH BW has been set to 20 MHz (smaller multiple of 20 MHz WiFi raster) whichever the SCS and operating BW.
Corresponding agreements were done in RAN1 concerning operating BW and PUCCH BW in RAN#1 92bis and RAN#1 98, quoted here below.  
RAN1#92bis, April 2018
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse  （directional LBT）
· Preamble detection   
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

RAN1 #98, August 2019
Agreement:
A PUCCH resource configured with interleaved mapping occupies consecutive PRBs within at least one interlace within a BWP. The PUCCH resource configuration includes the following:
· An indication of the allocated interlace
· An indication of the location of the PUCCH resource within the allocated interlace
· Note: This may not be needed for a bandwidth part of 20 MHz or less
· The number of PRBs NPUCCH within the allocated interlace given by the following:
· For Interlaced PF0/1/2:
· NPUCCH = 10 or 11 depending on the allocated interlace
· For Interlaced PF3:
· NPUCCH = 10
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
· FFS: Potential impact due to in-carrier guard bands
· Note: The UE is not expected to be configured with PUCCH transmissions spanning multiple LBT bandwidths

RAN1 #98Bis, October 2019
Agreement:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.

Eventually Rel.16 PUCCH modifications to fit with NR-U constraints are the following:
· NR PUCCH BW is set to 20 MHz independently from the SCS and the operated BW
· When UCI size in PRB is small compared to the number of available PRB per 20 MHz frequency bands, PRB interlacing is applied to PUCCH
Other relevant constraints inherited from Rel. 15 and Rel.16 are:
· PUCCH formats: PF0, PF1 and PF4 have 1 PRB per symbol, PF2, PF3 have 1-16 PRB per symbol
· interlace spacing is fixed for a given SCS (whichever the BW). 6 for 15kHz SCS and 3 for 30 kHz SCS
· An interlace is fully occupied by a physical channel
· FDM over the interlaces between PUCCH and PUSCH
New constraints for 60 GHz band

mmW constraints
Operating in these bands raises numerous technological challenges due to high frequencies and high bandwidth, key ones are:
· Phase Noise increase (+20dB / decade)
· PA efficiency decreases (-20dB / decade)
· PA linearity decreases
· ADC and DAC power consumption increase 

It is expected that existing NR waveform can operate in these new bands at the cost of new configurations to fit the requirements. Among these changes, an important one is the usage of higher SCS (240 kHz, 480kHz or 960kHz) to mitigate the effect of much higher phase noise and limit FFT size. 
Coexistence constraints
Fair coexistence with 60 GHz WiFi (802.11ad) which operates in a fixed and fully occupied 2.16GHz BW. 
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Table 2 - 802.11ad/ay channels
Occupied Channel Bandwith and Energy Detection definitions
Interlace usage and configuration flexibility, such as interlace spacing is tightly related to the definition of OCB and corresponding Energy Detection method applied to detect third party transmissions. OCB definition for EU region is given by ETSI EN 308.193, as quoted here after:
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and
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Which states that (1) occupied bandwidth is the BW containing 99% of the energy and (2) that energy detection (for LBT) must be measured via integration over the total Nominal Channel BW. 
Required modifications of NR-U PUCCH for 60 GHz band

As explained in the previous sections, for NR-U, unlicensed bands regulation and WiFi coexistence set additional requirements on top of those considered for NR design (Rel.15). In particular NR-PUCCH had to be adapted for NR-U since Rel.15 NR-PUCCH BW is limited at most to 16 PRB (PF2 and PF3 case) and cannot meet the occupied channel bandwidth (OCB) requirement in EU regulation. Hence a scheme mixing PRB block repetition and PRB interlacing has been standardized in NR-U PUCCH Rel.16.
In the meantime, WiFi coexistence imposes that operating BW of NR-U are multiples of 20 MHz and it has been agreed in RAN1#98 to set PUCCH BW to 20 MHz ( WiFi channel raster). For the currently considered SCS, it gives the following set of parameters:
· For 15 kHz SCS, there are 10 available interlaces with 10 or 11 PRB per interlace
· For 30 kHz SCS, there are 5 available interlaces with 10 or 11 PRB per interlace  
PF2 and PF3 occupies up to 16 PRB, corresponding to 1 or 2 interlaces at 15kHz and 30 kHZ SCS to convey the UCI, in addition PF2 supports FDM multiplexing and hence multiplexing over different interlaces is required (i.e. more than 1 interlace available per symbol).  
However, NR-U in mmW unlicensed bands will benefit of very wide available bandwidths and operating BW are thus expected to increase at least up to 1 or 2GHz (as for WiGig BW). In addition, coexistence requirements impose that PUCCH BW is aligned with WiGi channel BW (2.16 GHz) or at least with NR-U operated BW and not limited anymore to a smaller BW of 20 MHz.
Proposal 4: RAN1 shall study high BW formats, up to 2.16 GHz, for NR-U PUCCH in 60 GHz band.
Despite the expected SCS increase (e.g. to 240, 480 or 960 kHz), the number of PRB per interlace will thus increase significantly.
Observation 4: Due to very wide BW, the number of PRBs per interlace will increase significantly.    
When compared with maximum number of PRBs in PUCCH formats, it is obvious that Rel.16 NR-U PUCCH design has a very low spectral efficiency beyond 52.6 GHz.  
  
	SCS
	120
	240
	480
	960
	BW (MHz)

	N_PRB
	1389
	694
	347
	174
	2000

	N_PRB
	694
	347
	174
	87
	1000

	N_PRB
	278
	139
	69
	35
	400

	N_PRB
	139
	69
	35
	17
	200



Table 3 –Number of PRBs per channel vs BW and SCS

As an example, in a 2GHz channel with SCS = 480 kHz, there are 347 PRBs, using R16 interlace spacing (3 or 6) the number of available PRB per interlace equals 347/3 = 115 or 347/6 =   57.
Bearing in mind that PUCCH formats require either 1 PRB per symbol (PF0, PF1 and PF4) or 1-16 PRB per symbol (PF2, PF3), PUCCH thus occupies 115 [57] PRB for a payload of 1-16 PRB, 1 PRB formats being extensively used in typical configuration. 
Observation 5: Due to increased BW, Rel16 NR-U PUCCH format would have a very low spectral efficiency in the 60GHz band (down to less than 1%) 
A solution would be to reduce the number of PRB per interlace (increase the number of interlaces) but it would put the burden on resource scheduling and signaling.
Another solution is to assign PUCCH to a partial interlace, assuming there is a way to satisfy OCB conditions.   
Proposal 5: RAN1 shall study the possibility to assign NR-U PUCCH onto partial interlaces for high BW channels.
Conclusion
In this contribution, we have discussed some required adaptations of NR Waveform to satisfy the 60GHz band requirements. Following set of observations were made in this document:
Observation 1: FR2 existing SCS and new numerologies can provide large number of potential SS/PBCH candidate positions to combat channel uncertainty issues.
Observation 2: The transmission of minimum system information with a large number of active beams makes the system inefficient and imposes beam switching constraints, resulting in reduced scheduler flexibility.
Observation 3: For shared carriers, the transmission of minimum system information with a large number of active beams brings additional issues related to channel ownership, and potential requirements to perform channel access procedures while switching the beams.
Observation 4: Due to very wide BW, the number of PRB per interlace will increase significantly.    
Observation 5: Due to increased BW, Rel16 NR-U PUCCH format would have a very low spectral efficiency in the 60GHz band (down to less than 1%) 
The discussion and the observations have led to the following proposals in this document:
Proposal 1: Introduce groups of SCS in FR2 and all control/data communication will use the SCS from one such group.
Proposal 2: It is proposed to investigate how to transmit the indication about additional SS/PBCH candidate positions which can become available with existing FR2 numerologies or the future numerologies.
Proposal 3: It is proposed to investigate efficient transmission of MSI including the multiplexing patterns for both licensed and shared carriers.
Proposal 4: RAN1 shall study high BW formats, up to 2.16 GHz, for NR-U PUCCH in 60 GHz band.
Proposal 5: RAN1 shall study the possibility to assign NR-U PUCCH onto partial interlaces for high BW channels.
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422 Nominal Channel Bandwidth and Occupied Channel Bandwidth

4221 Definition

The Nominal Channel Banchwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single
channel.

The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.

‘When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one
signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bancwidth where "n" is
the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each
power envelope shall be considered separately.
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427325 Energy Detect Threshold (ED Threshold)

Equipment shall consider a channel to be occupied as long as other RLAN transmissions are detected at a level greater
than the ED Threshold. The ED Threshold level is integrated over the total Nominal Channel Bandwidth of all
Operating Channels used by the equipment.
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Channel Center (GHz) ~ Min.(GHz) Max.(GHz) BW (GHz)

1 58.32 5724 59.40 216
2 60.48 59.40 6156
3 62.64 6156 63.72
4 64.80 63.72 65.88
5 66.96 65.88 68.04

6 69.12 68.04 70.20




