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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#87 meeting, the “Study on supporting NR from 52.6GHz to 71 GHz” was approved. The objectives of the new study item are presented in [1]. The first objective in [1] is:
“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].”
In this document, we investigate pros and cons for different design options corresponding to the first objective of the study and we propose some ways to move forward.

Phase Noise considerations for beyond 52.6 GHz
Increased Phase Noise (PN), an important characteristic of the Local Oscillators (LO), is expected when carrier frequency shifts upward, TR38.803, 6.1.11.1. [3]. 
“Observation: For 30 GHz band, the typical phase noise level measured at 1 MHz offset is from -114 to -93 dBc/Hz, while that for 70 GHz band is from -108 to -81 dBc/Hz.”
Examples of PN values for different carrier frequencies and frequency offsets are presented below from [3], Figure 6.1.10.1-2: Phase noise models.
Essentially, the PN represents a time varying drift of the LO phase with respect to its reference. The phase noise as well as the linear power consumption increase with frequency, about 6dB when carrier frequency doubles (See Leeson’s PN equation in [2]). Phase noise has two adverse effects: the increase of common phase noise and the increase of intercarrier interference (ICI) [8].
PN leads to unknown changes in the phase from symbol to symbol, therefore reference signals, such as DMRS or PTRS, have to be defined to estimate and compensate for the PN on a per symbol basis.
In OFDM-based communication, the PN increase contributes to ICI. One way to deal with ICI due to PN, as suggested by the Figure 6.1.10.1-2, is to increase the subcarrier spacing (SCS), which is equivalent to a decrease of the OFDM symbol duration.
[image: ]
Figure 6.1.10.1-2: Phase noise models [38.803]

Numerology
The OFDM numerology (SCS) for NR is defined in 38.211 [4].
Table 4.2-1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal



The FR2 frequency band is defined as 24250 MHz – 52600 MHz in 38.104, 5.1, while for the subcarrier spacing the values defined are 60 kHz and 120 kHz (TR 38.101-2) for data and control, and 120 kHz and 240kHz for SS/PBCH. Figure 6.1.10.1-2 [3] shows that there is about 3-4 dB offset difference for the same phase noise between 70 GHz and 45 GHz carriers. At the same time, the same figure shows that the phase noise has a nonlinear dependence with frequency offset beyond 300 kHz with a possible plateau or increase of the phase noise with an increase of SCS. Therefore, we recommend for beyond 52.6 GHz, increased SCS values such as 240kHz, 480 kHz and 960kHz have to be carefully considered and simulated to understand the effects of phase noise.
Proposal 1: The effects of the phase noise on SCS values of 240 kHz, 480 kHz and 960 kHz should be carefully investigated.
Further consideration should be given to the SCS increase as the increase of bandwidth might lead to lower spectral density, and higher thermal noise. Obviously, doubling the bandwidth causes a 3 dB hit in sensitivity, which may not be recovered using beamforming. 
Moreover, as it is explained in the next section, a larger SCS may impact the FFT size as well. Other phenomena such beam squinting and wideband fading will be amplified with a wider bandwidth.
Another drawback of the increase of SCS is that a possible decrease in coverage if the CP overhead is maintained low.  The Cyclic Prefix (CP) defined in TR38.211, 5.3.1 may be extended for larger SCS values.  The corresponding numerical values for 480 and 960 kHz are:
Table 1. Possible numerology extensions for beyond 52.6 GHz
	Numerology, µ
	SCS (kHz)
	Normal CP duration (µs) 
	Equivalent Multipath Distance (m)

	0
	15
	4.69
	1407

	1
	30
	2.34
	703

	2
	60
	1.17
	351

	3
	120
	0.59
	175

	4
	240
	0.29
	87

	5
	480
	0.15
	43

	6
	960
	0.07
	21



The CP length is determined by the delay spread of the propagation channel, more exactly the CP should be larger than the delay spread but not too large in order to avoid higher overhead (7% for normal CP). In TR38.901 [5], the cluster RMS delay spread is specified for various scenarios. Outdoor measurements [7] for street canyon showed a median delay spread of 74.5 ns, while indoor measurements found median delay spread less than 24ns for office area and 57.5 ns for shopping area. Therefore, the value of the normal CP for SCS 240 kHz (290 ns) or SCS 480 kHz as defined in [4] may be suitable for the indoor/outdoor deployments. If the SCS is further increased to 960 kHz, the corresponding CP of 70ns will make it more suitable for short range or indoor deployments. 
The previous considerations are summarized in the following observations:
Observation 1: The SCS increase to 480 kHz might not sufficiently mitigate the increase of ICI due to nonlinear dependence between PN and frequency.
Observation 2: The study of SCS to reduce ICI should be followed by the study on PTRS density to mitigate the PN effect 

Channelization 
In RAN4, the maximum FFT size is 4096, which leads to 275 as the maximum number of RBs in a channel. Ignoring the size of the guard bands and the sets of allowed channels, then projected maximum bandwidth is presented below. If the chip rate (1/Tc=1,966,080,000) were retained but a larger SCS (>480 kHz) were used, the maximum FFT size would have to be reduced and thus the bandwidth is scaled accordingly. This may have an impact on RAN2 (signaling design), RAN4 (channelization, testing) as well as RAN1 (symbol rate).
Table 2. Projected channel bandwidth. For 960 kHz SCS, the chip rate is 3,932,160,000. For the other SCS, the chip rate is 1,966,080,000.
	
	Current
	Projected

	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	Number of RBs
	Channel bandwidth (MHz)
	number of RBs

	120
	400
	264
	
	

	240
	400
	128
	800
	264

	480
	-
	-
	1600
	264

	960
	-
	-
	3200
	264




Observation 3: A SCS of 960kHz requires a higher chip rate if the same FFT size is used.
Observation 4: The introduction of the new SCS has a significant impact to RAN4. In addition to defining the channelization, the channel and synchronization raster are needed. A new set of RF requirements as well as RRM and demodulation requirements are needed.
For NR operating beyond 52.6 GHz for the FFT size of 4096 (of which max occupied are 3300 subcarriers) the maximum channel bandwidth supported will scale up correspondingly with the above SCS values leading to maximum channel bandwidth of 800 MHz 1600 MHz and 3200 MHz (higher chip rate), respectively.  
Proposal 2: The support of maximum channel bandwidths of 800 MHz, 1600 MHz and 3200 MHz should be investigated 
We note that 3200 MHz channel bandwidth, which corresponds to a 960 kHz SCS, would be less consistent to 2160 MHz channel used in IEEE 802.11 specifications for operating in 60 GHz unlicensed bands. If NR uses a wide channel bandwidth, it may reduce the chances of finding the channel free of transmissions in the presence of IEEE 802.11ad/ay devices that operate in adjacent overlapping channels.  To achieve a higher throughput while using a narrower channel multi-channel access, as described in TS 37.213, might be used.
Observation 5: It is harder to secure larger channels in unlicensed spectrum in the presence of other RAT devices that use narrower channels. 
The IEEE 802.11 [6] organization defines two amendments for IEEE 802.11 operation in 60 GHz licensed exempt spectrum. Both amendments (802.11ad and 802.11ay) use the same channelization of 2160 MHz channel spacing starting at the frequency 56.16 GHz. The OFDM uses a 512 FFT size at a sampling rate of 2.64 GHz. Out of 512 subcarriers, 355 subcarriers are used for data (336), pilot signals (16), and DC (3), which in total corresponds to 1830 MHz occupied bandwidth (85% channel bandwidth occupancy). The CP values, short, normal and long guard interval durations, are 18.18ns, 36.36ns and 72.72ns, respectively. The start of a valid 2.16 GHz PPDU at a receive power level greater than the minimum sensitivity shall cause the receiver to issue a PHY-CCA.indication (BUSY) primitive with a probability > 90% within a CCA time (3us). The minimum sensing channel bandwidth (sensing granularity) is 2.16GHz.
In the unlicensed band operation, the LBT process requires the channel sensing bandwidth (LBT granularity) to be specified. The LBT granularity is directly related to the default SCS value for the unlicensed operations. Therefore, for NR to operate in beyond 52.6 GHz unlicensed spectrum, channel sensing granularity needs to be defined and the possible compatibility with other RAT channels should be considered.

Proposal 3: The default SCS value and the minimum channel sensing bandwidth for the unlicensed operation should be defined.

Conclusions
This contribution considers possible issues to be addressed in the SI and possible numerology changes required for the operation in the 52.6GHz to 71 GHz band. 
Proposal 1: The effect of the phase noise on SCS values of 240 kHz, 480 kHz and 960 kHz should be carefully investigated.
Observation 1: The SCS increase to 480 kHz might not sufficiently mitigate the increase of ICI due to nonlinear dependence between PN and frequency.
Observation 2: The study of SCS to reduce ICI should be followed by the study on PTRS density to mitigate the PN effect 
Observation 3: A SCS of 960kHz requires a higher chip rate if the same FFT size is used.
Observation 4: The introduction of the new SCS has a significant impact to RAN4. In addition to defining the channelization, the channel and synchronization raster are needed. A new set of RF requirements as well as RRM and demodulation requirements are needed.
Proposal 2: The support of maximum channel bandwidths of 800 MHz, 1600 MHz and 3200 MHz should be investigated 
Observation 5: It is harder to secure larger channels in unlicensed spectrum in the presence of other RAT devices that use narrower channels. 
Proposal 3: The default SCS value and the minimum channel sensing bandwidth for the unlicensed operation should be defined.
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