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In RAN#86, a study item was agreed [6] to study operation between 52.6 GHz and 71 GHz. RAN1 started the study item in RAN1#101 while RAN4 will begin this meeting. One of the considerations addressed in this contribution is to examine the impact of the numerology and channel bandwidths for beyond 52 GHz. Specifically, if the channelization is greater than 400 MHz, what options for numerology are possible?
Discussion
Background
The objectives of the study item [1] are listed below. 
· 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.   
The yellow highlighted text indicates where RAN4 analysis is needed.
For operation in the 60 GHz band, there is an incumbent unlicensed system using IEEE 802.11ad/ay amendments. Both amendments use the same channelization of 2160 MHz. To co-exist with IEEE 802.11 ad/ay devices, an NR deployment may have to use the same bandwidth. That is to be determined. However, the current largest single carrier channel bandwidth for NR is 400 MHz when 120 kHz SCS is used. 
Assuming wide (>400 MHz) channelization, there are some approaches and their combinations to achieve wide channelization. 
Table 1. Possible approaches to achieve >400 MHz channelization
	
	Extending numerology with existing sampling time
	New numerology with decreased sampling time

	Intraband carrier aggregation
	Yes
	Yes

	Single carrier
	depending on maximum bandwidth
	Yes



To reach channels bandwidths beyond 400 MHz, intraband contiguous carrier aggregation can be used. With CA, one consideration is the issue of performing CCA on several carriers in order to be allowed transmit. This may affect performance and scheduling (how to allocate resources, feedback, etc.).
The following section describes extension of numerology
Extension of numerology
In clause 4.1 of [3], the sampling rate is given by
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where  and  kHz. Note that with the current sampling rate of 0.5086 ns, an SCS of 480 kHz corresponds to µ=5. 
Note if the sampling rate were retained, using a larger SCS > 480 kHz would reduce the FFT size. For example, if 960 kHz SCS is considered (µ=6), the largest FFT size would be 2048. 
Symbol duration
From clause 5.3.1 [3], the CP for symbol l in a subframe is
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where =64. 
Table 2. Symbol durations with sample duration of 0.509 ns
	
	Symbols other than 0 and  in subframe
	Symbols 0 and  in subframe

	µ
	#samples of CP
	CP duration, µs
	# samples symbol
	Symbol duration, µs
	#samples of CP
	CP duration, µs
	# samples symbol
	Symbol duration, µs

	0
	9216
	4.688
	140288
	71.354
	10240
	5.208
	141312
	71.875

	1
	4608
	2.344
	70144
	35.677
	5632
	2.865
	71168
	36.198

	2
	2304
	1.172
	35072
	17.839
	3328
	1.693
	36096
	18.359

	3
	1152
	0.586
	17536
	8.919
	2176
	1.107
	18560
	9.440

	4
	576
	0.293
	8768
	4.460
	1600
	0.814
	9792
	4.980

	5
	288
	0.146
	4384
	2.230
	1312
	0.667
	5408
	2.751

	6
	144
	0.073
	2192
	1.116
	1168
	0.594
	3216
	1.636



The italicization indicates a possible value for the numerology.
The CP lengths are disproportionate as the numerology increases. For example, with 960 kHz SCS, most symbols of a subframe have 144 samples except two which have 1168 samples. While distributing the samples to reduce the longer CP is possible, symbol alignment with different numerologies can increase complexity. Continuing with the example, there are 64×14=896 symbols each subframe. If attempting to distribute the CP evenly among all symbols, the two extra samples, computed as , only provide an additional 1 ns protection for the CP. The tradeoff of increased complexity vs minor improvement would have to be considered.
Another key parameter is the transition time for TDD operation (Table 4.3.2-3 of [3]). Assuming the same value of 13792 samples for FR2 is used, the time corresponds to 7µs. For 240 kHz SCS, 2 symbols would be needed for the transition, 4 symbols are needed for 480 kHz SCS, and 7 symbols are needed for 960 kHz SCS. This additional overhead should be accounted.
Observation 1. A larger fraction of a slot is used for switching between Tx and Rx with higher numerology.
Another consideration is processing complexity. A fully occupied slot will require a fixed amount to process (decode). Unless the processing requirements change, an increased slot rate (due to larger SCS) may require more delay in terms of slots (or possibly more HARQ processes).
Observation 2. Processing time requirements should be considered with extensions in numerology.
Guardband and number of RBs
The Rel. 16 standard supports 240 kHz SCS for the SSB. With the limit of 275 RBs (3300 REs), the maximum possible bandwidth is 800 MHz. The number of available RBs can be determined from the channel bandwidth B, guardband bandwidth G, and subcarrier spacing :
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The estimated guardband and number of RBs for 600 and 800 MHz carriers are listed in Table 2 by extrapolating Table 5.3.3-3 in [2] using a curve fitting formula 39.2B-120. The last row computes the guardband size assuming the maximum number of RBs is 264.
[bookmark: _Ref46299762]Table 3. Extrapolated guard bandwidth and number of RBs for 240 kHz SCS
	Bandwidth, MHz
	Guardband, kHz
	Number of RBs

	100
	3800
	32

	200
	7720
	64

	400
	15560
	128

	600
	23400
	192

	800
	31240
	256

	800
	19720
	264



In addition, the actual filter requirements are needed, and implementation complexity should be considered for these extrapolated channel bandwidths.
Although the standards do not define guardband sizes for 480 kHz SCS, it is possible to estimate the values according to the number of RBs currently defined for FR2. Note that 96 RBs [96,97,98] and 192 RBs [192-200] are not defined but they are possible. 
Table 4. Extrapolated guard bandwidth and number of RBs for 480 kHz SCS
	Bandwidth, MHz
	Guardband, kHz
	Number of RBs

	200
	8080
	32

	400
	15920
	64

	600
	23760
	96

	800
	20080
	128

	1000
	?
	?

	1100
	?
	?

	1200
	47280
	192

	1600
	39920
	264



Table 4 is an extrapolation of bandwidths for 960 kHz SCS. 
[bookmark: _Ref47012232]Table 5. Extrapolated guard bandwidth and number of RBs for 960 kHz SCS
	Bandwidth, MHz
	Guardband, kHz
	Number of RBs

	400
	15200
	32

	600
	23040
	48

	800
	30880
	64

	1000
	?
	?

	1100
	?
	?

	1200
	?
	?

	1600
	39200
	132



Even using 480 and 960 kHz SCS, the largest bandwidth is 1600 MHz assuming the same sampling time and maximum number of REs (3300). 
Observation 3: By extending the numerology to 480 kHz SCS, a carrier bandwidth with a maximum 1600 MHz bandwidth is mathematically possible using the same sampling time. RF and implementation complexity should be considered.
Decreasing sampling time
Decreasing the sampling time can be an approach to increase the carrier bandwidth. Keeping the FFT size the same and allowing the SCS to be either 960 kHz or 1920 kHz, the new sampling time is 0.254 ns and 0.127 ns, respectively. 
From a symbol design perspective, it is possible to reuse the CP design equation in (2) to determine the symbol duration with possibly some changes in parameters. For instance, using =128 and µ=6 (960 kHz SCS), the number of 0.254 ns samples for the CP is 288, the duration is 0.073 µs and the symbol duration is 1.115 µs. 
Doubling the sampling rate allows larger carrier bandwidths to 3200 MHz. The intermediate channel bandwidths can be computed following (3) and applying some math. 
Obviously, reducing the sampling time incurs an increase in implementation complexity [faster symbol rates, changes in hardware]. Another impact is the standardization effort because many performance requirements are based on the 0.508 ns sampling time. 
Discussion
From the analysis, the sample rate represents a fundamental limit for the channel bandwidth and impacts system and implementation complexity. RAN4 needs to understand the channelization requirements to determine the appropriate numerology. Although aspects such as phase noise impact, EVM consideration, and channel impairments are not addressed in this paper, they will also affect numerology. In addition, implementation complexity and deployment scenarios are other factors.
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This contribution examined sampling rate, numerology, and channel bandwidth for the beyond 52 GHz work item. As the subcarrier spacing increases
Observation 1. A larger fraction of a slot is used for switching between Tx and Rx with higher numerology.
As the slot duration decreases, some time-dependent requirements require examination.
Observation 2. Processing time requirements should be considered with extensions in numerology.
The filter design and complexity with larger SCS require consideration.
Observation 3: By extending the numerology to 480 kHz SCS, a carrier bandwidth with a maximum 1600 MHz bandwidth is mathematically possible using the same sampling time. RF and implementation complexity should be considered.
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