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Introduction
In this submission we summarize the regulatory landscape in above 57GHz unlicensed spectrum bands, with particular focus of regulations pertaining to CEPT and the FCC. We observe that the current status of unlicensed mm-wave regulations in these regions imposes a limit on the type and location of devices that can currently be brought to market.
With this is mind we look to the previous studies undertaken by 3GPP and summarized any output of 38.805, 38.913, 38.900 and 38.807 that may be relevant to above 57GHz unlicensed spectrum under these current regulatory constraints.
A short introduction of regulation, both ETSI and FCC, that are most relevant to defining the simulation assumptions
Currently only one ETSI specification [1] is mature enough to be considered available that covers above 57GHz unlicensed spectrum for wideband data transmission systems. On top of this it only covers low power scenarios associated with the c1 band as defined in annex 3 of [2] or band 75 as defined in [3] for wideband data transmission systems. Another ETSI BRAN work item for wideband data transmission systems was approved in the BRAN#104 meeting that will eventually result in a second specification [4] covering the c2 and c3 bands defined in in annex 3 of [2] or bands 75a and 75b as defined in [3] for wideband data transmission systems. But [4] is still in very early draft and not yet in a suitable state to draw meaningful limits on allowable behaviours. ETSI drafted [1] on the basis of an ETSI TR [5]. This TR has since been superseded by a second ETSI TR [6] that in turn has formed the basis for [4].
As a consequence, at least in Europe, only a sub-set of the 3GPP proposed use-cases are currently available in unlicensed spectrum above 57GHz. These uses cases are confined to low power indoor scenarios only, with Fixed Local Area Network Extension (FLANE) or Fixed Point-to-Point applications are specifically excluded in [1] while fixed outdoor is explicitly disallowed in band c1 of [2]. It should be made clear that [1] defines a lower power limit than is recommended in band c1 of [2]. It should be further noted that short range devices (SRDs) are not covered by either [1] or [4].  Non-specific short range devices (SRDs) are covered by a separate annex 1 in [2] by the n1 and n2 bands which in turn is covered by yet another ETSI harmonised standard [7] which specifies considerably lower power maximum than that available in [1] or [4].
At least in Europe and all accompanying CEPT regions, any 3GPP devices put to market in the above 57GHz unlicensed spectrum can currently only be low power indoor wideband data transmission systems or very low power SRDs. The lack of a harmonised standard (HS) covering higher power indoor devices or fixed outdoor wideband data transmission systems and SRDs, will make bringing 3GPP complaint devices to market that are not of the aforementioned, on a state-by-state basis, extremely burdensome.
[bookmark: _GoBack]It is also worth highlighting, mainly for coexistence reasons and also interference mitigation reasons, the lower half of the band 57GHz – 64GHz has also been recommended in [2] for use by Radiodetermination Applications, also known as mm-wave radar. This too is covered by an ETSI HS [8]. The FCC also has published regulations for 57 – 71 GHz in [9]. For comparison we summarize all the currently available limits for these standards in Table 1.
Since 3GPP seeks a global solution, for now at least, while regulations for fixed and outdoor scenarios are finalised, 3GPP should concentrate on what is already covered by existing regulations.
[bookmark: _Ref40198113]Table 1: Frequency and power limits
	
	FCC
	EN 305 550
	EN 302 567
	EN 303 722
	ERC/REC/70-03

	Frequency (GHz)
	57 – 71
	57 – 64
61 – 61.5
	57 – 66
	57 – 71
	57 – 71

	Spectral density (dBm/MHz) (EIRP)
	¥
	13
	13
	23
	23

	Antenna gain GA > 30dBi *
	n/a
	n/a
	n/a
	38
	38

	Maximum power (EIRP) (dBm)
	40 avg +
43 peak
	20
	40
	40
	40

	Antenna gain GA < 13dBi
	n/a
	n/a
	n/a
	27 + GA
	40

	Antenna gain GA > 30dBi *
	n/a
	n/a
	n/a
	55
	55

	Antenna gain GA > 51dBi #
	82 avg
85 peak
	n/a
	n/a
	n/a
	n/a

	Antenna gain GA < 51dBi #
	82 - 2(51 - GA)
	n/a
	n/a
	n/a
	n/a

	*  Fixed outdoor installations only, + Indoor,  # Outdoor, ¥ Max 500mW for emission-BW larger than 100MHz, else 500mW × emission-BW / 100MHz



The highlighted columns are the only currently published regulations that pertains to wideband data transmission systems in ITU Region 1 and ITU Region 2.
Prioritization of use cases from the wide range of selection listed in TR 38.807
Owing to the limitations of mm-wave capabilities for mobility along with the lack of global regulatory allowances for outdoor applications we would propose to concentrate on indoor use cases first.
Observation: In a global context, currently only indoor low power use cases are universally covered worldwide for the unlicensed spectrum above 57GHz.
The obvious use case being high data rate eMBB, the foundation of NR and subsequently NR-U. Mobile offloading and private networks would be other obvious priorities along with any factory automation uses, which again would include eMBB, mobile offload and private networks. Indoor short range devices that implement point-to-point type links that could be covered by a 3GPP side-link should be considered, such as AR/VR devices, wireless connectivity such as HDMI, data-center inter-rack connectivity, etc.
Proposal: Prioritise simulation effort to use cases, scenarios, channel and traffic modelling that are relevant to indoor use cases only.
Simulation assumptions for the prioritized use case(s)
Layout
Given the lack of ETSI standards covering outdoor devices where Fixed Local Area Network Extension (FLANE) or Fixed Point-to-Point applications are specifically excluded in [1] while fixed outdoor is explicitly disallowed in band c1 of [2]. We would thus suggest confining our discussion to only those pertaining to indoor scenarios where the layout would be covered by one of either [1] or [8] ETSI harmonised standards. If we look to previous 3GPP studies in [10], [11], [12] or [13] and the various proposed scenarios, this would summarise to Table 2.
[bookmark: _Ref40446374][bookmark: _Ref40446364]Table 2: Mapping of 3GPP proposed use cases to 3GPP proposed scenarios.
	Deployment scenarios
	Use cases

	Indoor hotspot
	High data rate eMBB, Mobile data offloading

	Indoor office
	Private Networks, Integrated access backhaul (IAB)

	Indoor public
	High data rate eMBB, Integrated access backhaul (IAB)

	Factory Hall
	Vertical industry factory application, Factory automation/Industrial IoT(IIoT), Private Networks, smart grid automation (note: smart grid automation use case is not limited to indoors only)

	Indoor D2D
	Short-range high-data rate D2D communications, Data center inter-rack connectivity, Critical medical applications, Augmented reality/virtual reality headsets and other high-end wearables, Wireless Display Transfer



For the same reasons as in previous sections, the layouts considered in should, for now at least, be confined to those relevant to indoor scenarios. The layouts detailed in [10], [11], [12] and [13] for indoor are listed as:
· Urban micro - street canyon
· Urban macro
· Indoor - office
· Urban micro - open square
· Indoor - shopping mall

It could be debated that urban macro and urban micro are not indoor, however there are assertions in [11] and [12] that these might extend to indoor too. Appropriate corresponding channel model parameterization for 57 to 72 GHz should be utilized in these scenario modelling. Maybe somewhat obviously, 3GPP should consider low to no mobility only.
Link budget analysis for both LOS and NLOS cases show that both the FCC and ETSI rules described in Table 1 allow for meaningful throughput with some ease in these indoor environments.
Traffic model
Most traffic models in 3GPP studies originated from LTE [14], including two FTP models: FTP Model 1 and FTP Model 2. In LAA study, a third FTP model, FTP Model 3, was introduced in [15]. It is based on the FTP Model 2 in [14] except that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue. FTP Model 3 and FTP Model 1 are the two models used in the LAA co-existence study.
Sub-7 GHz NR-U study reused the traffic models from LAA, without change. All the simulation results compiled in [15] are based on these models.
The arrival rate of these traffic models varies, but the file size is fixed at 0.5 MB. They were chosen to emulate web browsing application, which is probably not what 3GPP is targeting for 57 to 72 GHz. We would suggest to update the fixed file size to support applications intended for these 57 to 72 GHz use cases.
Observation: Whatever the traffic model used for greater than 57GHz, it will likely require a larger file size than is currently specified in any previous 3GPP reports covering traffic modelling.
The Release-17 approved but postponed study item on XR may provide a valuable starting point to determining what any new file size should be for these applications expecting an average data rate of 100 Mbps and a peak data rate of 300 Mbps.
Baseline channel access mechanism
The only regulation that specifies any rules for channel access can be found in [5]. The current version defers to an idle period of 8us followed by a random number of 5us observation slots with a maximum of 127 observation slots. However, in a recent ETSI BRAN meeting it was agreed to rewrite this to the same idle period of 8us followed by a random number of 5us observation slots instead with a minimum of 3 observation slots. A timing diagram of this is shown in Figure 1. Going forward there will not be a maximum number of observation slots.
[image: ]
[bookmark: _Ref40378926]Figure 1: EN 302 567 channel access restrictions
It has been shown in ETSI BRAN submissions towards [1] and [4] that even though coexistence is an important aspect of unlicensed spectrum and not to be ignored, the highly directional nature of > 57GHz transmissions implies that the probability of encountering competing device interference in the exact same direction at the same time at a power level that is sufficient to create reception issues is quite low. This coupled by the fact that massive bandwidths are available resulting in massive instantaneous data-rates implies on-air time is likely to be greatly reduced for the same traffic load compared to sub 7GHz channel access. As a result, the expectation is that average COT sizes will likely be of much less duration than in sub 7GHz.
Observation: Average COT durations will likely be less than 1ms in duration.
Co-existence with other system
Both the IEEE and 3GPP are developing standards that will access 57GHz to 72GHz unlicensed spectrum, as will SRDs possibly utilizing proprietary link definitions. It is also true that IEE802.11ad is further along in this realm. It is thus important that, like the 5GHz and 6GHz unlicensed spectrum allocations, coexistence be considered an important aspect of any new specification work.
It is important for 3GPP to maintain its standing as a good neighbour at this new frequency allocation, even while the possibilities for neighbour interference are reduced due to highly directional antenna arrays.
Conclusion
In this contribution, we make the flowing observation:
Observation: In a global context, currently only indoor low power use cases are universally covered worldwide for the unlicensed spectrum above 57GHz.
Observation: Whatever the traffic model used for greater than 57GHz, it will likely require a larger file size than is currently specified in any previous 3GPP reports covering traffic modelling.
Observation: Average COT durations will likely be less than 1ms in duration.
Further to this observation, we make the following proposal:
Proposal: Prioritise simulation effort to use cases, scenarios, channel and traffic modelling that are relevant to indoor use cases only.
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