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Introduction
In RAN 1 meeting #102e, the following agreements for supporting NR from 52.6 GHz to 71 GHz were made[1]:Agreements:
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).
· 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
Agreements:
· 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.



In this contribution, we discuss several aspects of the operations for supporting NR on frequencies from 52.6 GHz to 71 GHz.

Supporting NR Operation from 52.6 GHz to 71 GHz 
Frequency bands above 52.6 GHz have several advantages such as limited interference, wider bandwidth, high-gain beamforming/multi-beam systems, etc. Therefore, use cases like eMBB with high data rate, short range D2D communications with high data rate, wireless display transfer for AR/VR, etc. can be enabled.
To support NR from 52.6 GHz to 71 GHz, operation on both licensed and unlicensed spectrum with a range of ultra-wide-bandwidth frequency bands needs to be considered. For example, the entire 57 GHz – 71 GHz frequency range is available in USA, providing 14 GHz of contiguous bandwidth. In addition, the 66 GHz to 71 GHz band was recently opened for licensed use in international telecommunications union (ITU) Regions 1 and 3.  
In RAN1 #101e meeting, several companies suggested the values of subcarrier spacing (SCS) ranging from 120 KHz, 240 KHz, 480 KHz and 960 KHz (i.e.,  3, 4, 5 and 6) for NR operation both for licensed and unlicensed bands from 52.6 GHz to 71 GHz [2] - [4]. Besides, the assumed maximum channel bandwidth () for corresponding SCS/numerologies are 0.4 GHz, 0.8 GHz, 1.600 GHz, and 3.2 GHz, respectively. If higher subcarrier spacings (i.e., numerologies  3, 4, 5 and 6) are adopted, then the maximum channel bandwidth that NR can support is limited to around 3 GHz for NR operation in frequency range of 52.6 GHz to 71 GHz. On the other hand, as pointed out by [5], [6], NR should support different maximum possible bandwidth in different bands which requires configurable bandwidth. For example, multiples of 400 MHz which has been supported for FR2 can be considered to support up to 2 GHz.  
In the following sections, we discuss the requirements for NR operation from 52.6 GHz to 71 GHz. 
1.1 Cyclic Prefix for NR operation from 52.6 GHz to 71 GHz  
In NR, only the numerology μ=2/SCS = 60 KHz support extended cyclic prefix (ECP). The overhead (i.e., CP duration over OFDM symbol duration) for the normal CP (NCP) is around 6.7% and the overhead of ECP is 20% in NR. Based on the current NR scalable subcarrier spacing factor rule, CP design overhead and the maximum FFT size is unchanged as agreed in RAN 1 meeting #102e [1]. We list the possible numerologies to support NR operation for both licensed and unlicensed from 52.6 to 71 GHz in Table 1. As pointed out by [7], ECP may be needed to cover the time alignment error (TAE) for MIMO and/or carrier aggregation (e.g. intra-band carrier aggregation), different transmission propagation delay among TRPs, and beam switching time, etc. If we assume the maximum channel delay spread is around 20 ns, then TAE must be less than 53 ns for numerology μ=6/SCS=960 KHz with NCP. In [8], it suggests RAN4 re-evaluating the (e.g. MIMO) TAE to be less 40 ns to avoid inter-symbol interference (ISI) for higher numerology (e.g. μ=6) with NCP. 
Despite the ECP overhead for higher numerology/SCS, extra DM-RS may be needed to further enhance the demodulation performance due to wider subcarrier separation. Hence, it may add extra overhead for NR supporting higher numerology/SCS. Therefore, the use case for supporting ECP for higher numerology/SCS such as 960 KHz for NR from 52.6 to 71 GHz needs to be studied.     
On the other hand, for lower numerology (e.g. μ=3 and 4), it suffers phase noise in higher transmission frequency band. Therefore, there is a need for the extra PT-RS overhead to enhance the higher QAM (e.g. 64 QAM and above) demodulation performance. This extra overhead compared to ECP used in higher numerology may not be significant due to the relatively low density of PT-RS. However, due to the limited support channel BW (e.g. 400 and 800 MHz), it is somehow difficult to utilize the wide frequency range for NR operation from 52.6 to 71 GHz. Therefore, carrier aggregation becomes the only available option for utilization of wide frequency range for NR operation from 52.6 to 71 GHz.
Proposal 1. The support of extended CP for large numerology or SCS like 480 KHz and above should be studied for NR operation from 52.6 to 71 GHz.  
[bookmark: _Ref32176386]Table 1  Possible supported numerologies and CP for NR from 52.6 to 71 GHz.
	Numerology
	
	
	
	

	Subcarrier spacing (SCS) [KHz]
	120 
	240 
	480 
	960 

	Symbol duration [us]
	8.33
	4.17 
	2.08
	1.04

	Normal cyclic prefix [us] (symbol  and  )
	0.59
	0.29 
	0.146
	0.73

	Extended CP [us]
	not support in NR
	not support in NR
	(if support) 0.52 
	(if support) 0.26 

	Slot duration [us]
	125
	62.5
	31.25
	15.625

	Maximum channel bandwidth [MHz]
	400
	800
	1600
	3200



1.2 Numerologies for NR from 52.6 GHz to 71 GHz
One of the major considerations for NR operation from 52.6 GHz to 71 GHz is the co-existence with other radio access technologies (RAT) such as IEEE WiFi 802.11 ad/ay. For example, 802.11 ad/ay may operate in the band of 57 GHz to 67 GHz in Europe and USA. In addition, the (minimum) channel bandwidth of 802.11 ad/ay is 2.16 GHz. Therefore, a suitable listen-before-talk (LBT) bandwidth for NR-U operation from 52.6 GHz to 71 GHz band may be around 2 GHz for co-existence with 802.11ad/ay. Assuming not changing the maximum FFT size (i.e. 4096), supporting higher SCS is beneficial to reach an LBT bandwidth of 2 GHz and mitigating the phase noise (PN). The other approach is to accommodate the larger bandwidth (e.g. 2 GHz) with using the lower SCSs such as 120 KHz, 240 KHz and 480 KHz by using he carrier aggregation (CA). For instance, multiples (e.g. 5) of 400 MHz with SCS = 120 KHz which has been supported for FR2 can be considered to support bandwidth up to 2 GHz. Either using the larger SCS (i.e., SCS > 480 KHz) or the lower SCS (i.e., SCS ≤ 480 KHz) to achieve around 2 GHz has its own pros and cons.     
In Rel-16 NR-U, LBT can be performed in units of 20 MHz. Furthermore, LBT can be performed for a single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz. In other words, the channel bandwidth can be integer multiples of 20 MHz in Rel-16 NR-U. This condition can be satisfied for all supported numerologies (i.e., SCS=15 KHz, 30 KHz and 60 KHz) in FR1.  However, assuming LBT channel bandwidth of 2.16 GHz for NR FR4 as used in WiFi 802.11 ad/ay, this condition of channel bandwidth being integer multiple of LBT channel bandwidth cannot be met for some supported numerologies like SCS = 120 KHz with maximum  MHz, 240 KHz with maximum  MHz and 480 KHz with maximum  MHz.  Therefore, we propose to study the relationship between the supported numerologies with the CA and the LBT bandwidth (or the RB set) for supporting NR-U operation from 52.6 – 71 GHz. In addition, not only the increased scalable numerology but also the UE capability, processing time and power consumption need to be considered.  
Proposal 2. To support various wide bandwidth and use cases for NR operation from 52.6 GHz to 71 GHz, a wide range of numerologies with the carrier aggregation need to be studied, also considering the LBT bandwidth (or the RB set) for co-existing issues, UE capability, processing time and power consumption. 

1.3 Maximum channel bandwidth and carrier aggregation for NR operation from 52.6 GHz to 71 GHz  
In this section, we briefly discuss some aspects of maximum channel BW and CA for NR operation from 52.6 GHz to 71 GHz.  There are four types of CA in NR can be supported, i.e., intra-band with contiguous or non-contiguous CA and inter-band with contiguous or non-contiguous CA. In addition, the nominal channel spacing can be found in [9] and [11] for FR1 and FR2, respectively. For example, the nominal channel spacing defined in [11] for intra-band contiguous CA in FR2 can be expressed as 
           Nominal channel spacing ,       (Eq. 1)
where   and   and  is the guard band bandwidth for channel 1 and 2. Form Eq. 1, the nominal channel spacing can be determined by each component carrier (CC) , numerology and guard band information . Assuming Eq. 1 can be extended for 52.6 GHz to 71 GHz CA case, there is a frequency gap may still need to be reserved between CC 1 and CC 2. To reduce the frequency gap between CC 1 and CC 2, a tighter channel spacing than the nominal spacing for any two single carriers can potentially be applied and lead to an increase in spectral efficiency. For example, one of approach for channel BW = 2 or 4 GHz is to aggregate 5 or 10 of 400 MHz with SCS = 120 KHz as shown in Figure 1 (a) and (b), respectively for NR-U bands from 57 GHz to 62 GHz. As shown in the example in Figure 1 (b), we reserve two guard bands at both sides of 2 aggregated bands. However, those guard bands between two adjacent 2 GHz bands may not be always necessary because WiFi 802.11ay support both the channel aggregation and the channel bonding. The channel bonding in WiFi 802.11ay usually refers to the merging of multiple contiguous channels into one wideband channel, and there is no channel spacing (or guard band) among multiple channels, which can be used as a whole band to form a single (wider) channel. Despite the guard band for CA with lower SCSs, the other factor for the impaction of the spectral efficiency is the phase noise (PN). It is well known that lower SCSs (e.g. SCS = 120 KHz, 240 KHz) with higher QAM (e.g. 64 and 256 QAM)  suffer from Phase noise  for NR operation from 52.6 – 71 GHz, thus it requires to increase PT-RS density to maintain the EVM requirement addressed in [12].  Therefore, to support wide frequency range for NR operation from 52.6 GHz to 71 GHz using CA with lower SCS such as 120 KHz or 240 KHz, the spectral efficiency (including guard band, PT-RS overhead, etc.) for CA operation should be studied. 
Proposal 3. The spectral efficiency (include guard band, PT-RS overhead, etc.) for large number of carrier aggregation should be studied for NR operation from 52.6 to 71 GHz.  




[bookmark: _Ref33360524]Figure 1: An exemplary for aggregated channel BW for (a) 2 GHz (b) 4 GHz with SCS = 120 KHz and assuming the maximum  MHz.
Another use case is using CA approach for supporting very wide frequency band. For example, to achieve 10 GHz aggregated channel BW, it requires at least 25 aggregated CCs if we assume each CC maximum  MHz and its SCS = 120 KHz. Although NR allows large number of CCs (e.g. 16) to be aggregated, the signalling (e.g. PDCCH, etc.), the overhead of scheduling large number of aggregated CCs should also be studied for scheduling enhancement. In NR Rel-16, the fast activation/deactivation of SCell has been introduced. When a UE switches to the dormancy BWP, it can achieve power saving by not monitoring PDCCH. Therefore, it behaves like deactivating the SCell. This mechanism of fast activation/deactivation of SCells could be a good starting point for scheduling enhancement for NR operation from 52.6 GHz to 71 GHz and above. 
Proposal 4. The signaling overhead for scheduling large number of aggregated carriers should be studied for NR operation from 52.6 to 71 GHz.  

Conclusions
In this contribution, we discussed the fundamental aspects of waveform design  for supporting NR from 52.6 to 71 GHz. The following proposals were made:
Proposal 1. The support of extended CP for large numerology or SCS like 480 KHz and above should be studied for NR operation from 52.6 to 71 GHz
Proposal 2. To support various wide bands and use cases for NR operation from 52.6 GHz to 71 GHz, a wide range of numerologies with the carrier aggregation need to be studied, also considering the LBT bandwidth (or the RB set) for co-existing issues, UE capability, processing time and power consumption.   
Proposal 3. The spectral efficiency (include guard band, PT-RS overhead, etc.) for large number of carrier aggregation should be studied for NR operation from 52.6 to 71 GHz.  
Proposal 4. The signaling overhead for scheduling large number of aggregated carriers should be studied for NR operation from 52.6 to 71 GHz.  
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