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1	Introduction 
As a preliminary step for enabling even higher frequency ranges for the NR radio system, 3GPP RAN was studying operation in frequency bands above 52.6GHz and up to 114.25GHz [1], for which the corresponding TR 38.807 [2] captured global spectrum availability, regulatory requirements, and potential use cases. After RAN#86 meeting, a new SI was agreed that aims at studying more specific technical aspects on how the NR technology can be adopted to the 60GHz frequency range [3]. Referring to the corresponding SI description, the scope has been narrowed down to the operation between 52.6 GHz and 71 GHz providing unlicensed spectrum access. Furthermore, it has been also agreed that existing waveforms will be re-used thus tasking RAN WG1 and WG4 to 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".   
In this discussion paper we present our initial view on potential numerology for the 60GHz frequency range, as well as related aspects that should be further taken into account such as maximum transmission power, maximum power density, etc. 

2	60GHz frequency range 
2.1	Regulatory overview
As already mentioned in the Introduction part, 3GPP RAN plenary conducted a preliminary study that aimed at identifying available spectrum in higher frequency ranges, outcome of which was captured in TR 38.807. After that more decisions were made in the regulatory domain, mostly concerning 66-71GHz frequency range, according to which the whole 57-71GHz range was opened up for the license exempt mode. Table 2-1 below presents current licensing situation in different regions and countries for the frequency range of 52.6-71GHz.









Table 2.1-1: Licensing mode for various countries between frequency 52.6GHz and 71GHz.
	Region
	Country
	Frequency (GHz)

	
	
	52.6-54.25
	54.25-55.78
	55.78-56.9
	56.9-57
	57-58.2
	58.2-59
	59-59.3
	59.3-64
	64-65
	65-66
	66-71

	ITU Region 1
	Europe/CEPT
	
	
	
	
	U 

	
	Israel
	
	
	
	
	
	
	
	
	
	
	

	
	South Africa
	
	
	
	
	U 
	

	ITU Region 2
	USA
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	Canada
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	Brazil
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	Mexico
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	ITU Region 3
	China
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	Japan
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	Korea
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	India
	
	
	
	
	
	
	
	
	
	
	

	
	Taiwan
	
	
	
	
	
	

	
	Singapore
	
	
	
	
	U 
	

	
	Australia
	
	
	
	
	U 
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Referring to some of regulatory documents defining system parameter working in 60GHz frequency range [3][4], it is possible to identify the following key points from the regulatory perspective:
a)	Multiple gigabit wireless system (MGWS) aims at providing high data rates in short-range line-of-sight and non-line of sight circumstances; 
b)	Communication range and data rates depend heavily on the number of antenna elements: 
-	Close proximity communication devices can achieve performance of up to 100 Gbit/s, but at a very short communication range of 10cm or less;
-	1 Gbit/s performance is expected at ranges around 10m;
-	Communication range to a few hundred meters is also achievable for outdoor usage with a larger number of antenna elements;  
c)	Six channels are defined, each of which has the channel bandwidth of 2.16GHz (with centre frequencies 58.32, 60.48, 62.64, 64.80, 66.96, 69.12GHz);
d)	Channel bonding is allowed, whereupon two-, three- and four-bonded channel transmission is also possible;
e)	TDMA is the basic access scheme:
f)	Contention-based access scheme should also be supported:
-	Same channelization of 2.16GHz is recommended to achieve better co-existence;
-	Recommended maximum channel occupancy time is less than 9ms;
g)	Maximum EIRP is 40dBm and maximum power spectral density is 23dBm/MHz; 
h)	ECC report 288 also defines outdoor installation case with maximum EIRP of 55dB and power density of 38dBm/MHz with transmitting antenna gain of 30dBi.

2.2	Anticipated use cases and deployment scenarios
Referring to TS 38.807, a number of potential use cases for 60GHz band were captured ranging from high data rate mobile data offloading to small indoor private networks (e.g. factory automation). Despite a sheer range of possible use cases and deployment scenarios, it is possible to group them around several key parameters, such as anticipated communication range and data rates, somewhat following how the ITU-R document has classified them:
-	Rural with ISD up to 1500m;
-	Urban (macro, dense, indoor) with ISD in range of 100..500m;
-	Hotspot with ISD in range of 20..100m (or even less);
-	D2D-like with communication range less than 10cm (devices nearly touching).
While 3GPP always strives for designing the wireless systems in the most generic way to accommodate as many scenarios as possible, it is nevertheless worth clarifying which major use case(s) we aim at, at least in Rel-17. Even though it does not always impact very specific details of a particular numerology, it is important to understand potential implications and trade-offs. As an example, catering for larger communication range will obviously require higher power spectral densities, whereupon there might be no need to adopt larger channel bandwidth sizes and new numerologies. At the same time, hot spot scenarios will most likely focus on higher data rates at the expense of shrunk communication range. With regards to presented list of potential deployment scenarios, one of the biggest questions is whether 3GPP should address D2D-like communication with range less than 10cm, e.g. wireless HDMI, wireless docking station, etc. One of key features of these use cases is that large volumes of uncompressed data, e.g., video are sent between peers, whereupon antenna arrays are not used, overall spectral efficiency is low and large channel bandwidth is required. It is likely that all these use cases, especially operating in the unlicensed band, will anyway rely upon other mechanisms to build own communication network, also referred to as a pairnet in some documents, to perform short-range peer-to-peer transmission. In addition to it, most use cases for 60GHz short-range high-rate devices might inevitably trigger creation of a new device class in 3GPP, for which neither high transmission power, nor beam-forming, nor high spectral utilization is needed. Thus, it is worth clarifying whether 3GGP and RAN WG4 in particular should aim at studying these scenarios.  
[bookmark: _Toc47614968][bookmark: _Toc47629681]Proposal 1:	Clarify whether short range (devices nearly touching) communication is within the scope of the 3GPP SI or not.
2.3	Considerations on potential numerology
Referring to the regulatory overview presented in the previous section, Table 2.2-1 below makes a summary of potential options based on existing and new sub-carrier spacing that can cover a single MGWS channel of 2.16GHz. For the sake of clarity, Table 2.2-1 presents parameters of a single component carrier, which in turn can be used by carrier aggregation to cover larger channel sizes as summarized in Table 2.2-2. Different numerology options are grouped around the same sub-carrier spacing, comments for which are presented below. It is worth mentioning that number of RBs for higher SCS sizes are exemplary ones and are determined based on the target channel utilization of 95%.
-	120kHz SCS. This option can be viewed as the baseline or the legacy option as it just leverages existing single carrier parameters available in FR2. By aggregating 5 component carrier, the whole channel bandwidth of 2.16GHz can be covered.
-	240kHz SCS. For this case we present several options with different channel bandwidth sizes ranging from 400MHz to 800MHz. Option 240_a is a direct scaling of 120_a resulting in a channel bandwidth of 800MHz. Its only downside is that two component carriers will occupy only 1600MHz, while three component carriers will be larger than 2.16GHz (one can of consider an option of aggregating 800+800+400MHz carriers). Nevertheless, Option 240_b is also interesting in a sense that three component carriers of 700MHz size will result in a good utilization of 2.16GHz channel. With regards to Option 240_d, even though it might look less attractive because 5 component carriers have to aggregated (as in 120_a), it will require only 2048 FFT. 
-	480kHz SCS. Option 480_a is an outcome of further scaling of 120_a and 240_a allowing a single component carrier of 1600MHz. As in case of 240_a, a combination of e.g. 1600+400 carriers will be needed to cover, if needed, the whole channel. In that sense options 480_b or 480_c looks more appealing as one can aggregate 2 or 3 component carriers, respectively.
-	960kHz SCS. Finally, by adopting 960kHz SCS one can adopt a single large component carrier that will fit the whole 2.16GHz channel. It also possible to consider 1GHz channel size, if needed, as further exemplified by option 960_b. 

Table 2.3-1: Component carrier parameters
	Option
	SCS (kHz)
	N_rb
	FFT
	Transmission bandwidth (MHz)
	Channel bandwidth (MHz)
	Utilization (%)

	
	
	
	
	
	
	

	120_a
	120
	264
	3168
	380,16
	400
	95,04

	
	
	
	
	
	
	

	240_a
	240
	264
	3168
	760,32
	800
	95,04

	240_b
	240
	230
	2760
	662,4
	700
	94,63

	240_c
	240
	164
	1968
	472,32
	500
	94,46

	240_d
	240
	132
	1584
	380,16
	400
	95,04

	
	
	
	
	
	
	

	480_a
	480
	264
	3168
	1520,64
	1600
	95,04

	480_b
	480
	160
	1920
	921,6
	1000
	92,16

	480_c
	480
	115
	1380
	662,4
	700
	94,63

	
	
	
	
	
	
	

	960_a
	960
	174
	2088
	2004,48
	2100
	95,45

	960_b
	960
	82
	984
	944,64
	1000
	94,46

	960_c
	960
	58
	696
	668,16
	700
	95,45



 
Table 2.3-2: 2.16GHz channel utilization for single carrier and carrier aggregation scenarios
	Option
	Single carrier bandwidth (MHz)
	Number of aggregated component carriers

	
	
	1
	2
	3
	4
	5

	
	
	
	
	
	
	

	120_a
	400
	17,6%
	35,2%
	52,8%
	70,4%
	88%

	
	
	
	
	
	
	

	240_a
	800
	35,2%
	70,4%
	
	
	

	240_b
	700
	30,67%
	61,33%
	92%
	
	

	240_c
	500
	21,87%
	43,73%
	65,6%
	87,47%
	

	240_d
	400
	17,6%
	35,2%
	52,8%
	70,4%
	88%

	
	
	
	
	
	
	

	480_a
	1600
	70,4%
	
	
	
	

	480_b
	1000
	42,67%
	85,33%
	
	
	

	480_c
	700
	30,67%
	61,33%
	92%
	
	

	
	
	
	
	
	
	

	960_a
	2100
	92,8%
	
	
	
	

	960_b
	1000
	43,73%
	87,47%
	
	
	

	960_c
	700
	30,93%
	61,87%
	92,8%
	
	



Referring back to Table 2.3-1 and 2.3-2, it is possible to make the following preliminary observations:
-	Existing FR2 numerology based on 120kHz SCS combined with carrier aggregation can be used to utilize the whole 2.16GHz channel;
-	From an individual UE perspective, it can be configured even with one or two component carriers, while the whole system can operate at the whole 2.16GHz channel configuring and scheduling UE accordingly; 
-	From the numerology perspective, the only downside of 120kHz SCS is a potential scheduling overhead if a particular UE is configured with e.g. 5 component carriers;
-	Higher numerology can obviously benefit from lower scheduling overhead, but do not necessarily always reduce the number of required FFT points (see Table 2.2-3 below for more information);
-	As already discussed in RAN WG1, sub-carrier spacing larger than 120kHz SCS can mitigate phase noise;
-	Increasing further sub-carrier spacing will impact TTI size and, as a result, will impact further RF and BB timing;
-	High SCS, e.g. 480kHz and 960kHz, is an appealing option for those use cases where a particular UE needs extremely high and constant data rates, e.g. wireless docking stations, wireless HDMI, point-to-point inter-site links, etc. Option 480_b and 960_a can be used in conjunction with carrier aggregation to exploit 2.16GHz channel bonding;
-	The best channel utilization can be achieved when there is a single 2100MHz channel or three aggregated 700MHz channels. Nevertheless, two aggregated 1000MHz channels as well as aggregated 400-500MHz channels also provide a good utilization of around 88%.

Finally, Table 2.3-3 below presents a small summary of required number of FFT points for different channel sizes. As can be seen, increasing sub-carrier spacing size do not always result in the decreased number of FFT points, i.e. individual baseband processing complexity will be as high as for 120kHz SCS. As an example, with 240kHz SCS only 400MHz channel will require 2048 FFT, while remaining larger channel size will have to use 4096. Same can be observed for 480kHz SCS: only 700MHz require 2048 FFT, while larger channel sizes require 4096. 
Table 2.2-3: Summary of required FFT
	SCS (kHz)
	Component carrier channel bandwidth (MHz)

	
	400
	500
	700
	800
	1000
	1600
	2100

	120
	4096
	
	
	
	
	
	

	240
	2048
	4096
	4096
	4096
	
	
	

	480
	
	
	2048
	
	4096
	4096
	

	960
	
	
	1024
	
	2048
	
	4096



As can be seen from our findings, one of the key parameters that will govern remaining decisions on 60GHz numerology is which sub-carrier spacing value(s) we can consider. That in turn depends on further studies for tolerable phase noise and phase noise models.
[bookmark: _Toc47614969][bookmark: _Toc47629682]Proposal 2:	Following RAN WG1 request, conduct further studies on the phase noise model to conclude which sub-carrier spacing value(s) can be considered for 60GHz numerology.


3	Conclusions
In this discussion paper we have provided our initial view on potential numerology options for the 60GHz band. As further detailed in the paper, purely from the numerology perspective 120..480kHz sub-carrier spacing values should be sufficient for the 60GHz frequency range. However, as phase noise increases with higher frequency values, more studied are needed in RAN WG1 and WG4 to understand whether, e.g., 120kHz SCS still can be used. At the same time, higher sub-carrier spacing value(s) will have more noticeable impact to the existing design and protocols inevitably increasing time-to-market of 60GHz. 
Proposal 1:	Clarify whether short range (devices nearly touching) communication is within the scope of the 3GPP SI or not.
Proposal 2:	Following RAN WG1 request, conduct further studies on the phase noise model to conclude which sub-carrier spacing value(s) can be considered for 60GHz numerology.
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