[bookmark: _GoBack]3GPP TSG RAN WG1 #101-e	R1-2003812
e-Meeting, May 25th – June 5th, 2020

Agenda item:		8.1.2
Source:	Nokia, Nokia Shanghai Bell
Title:	NR coexistence mechanisms for 60 GHz unlicensed band 
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2] as well as regulatory requirements for 60 GHz unlicensed spectrum [3].  
In this contribution, we consider the co-channel coexistence mechanisms suitable for NR on 60 GHz unlicensed band, corresponding to the following objectives of the approved study item [1]:  
· 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.   
Regulatory requirements 
In this section, we briefly discuss the key regulatory requirements relevant for co-channel coexistence based on e.g. [3]. Requirements for maximum allowed transmit power, EIRP, PSD as well as for spectrum access are relevant for co-channel coexistence. There are also further restrictions on the deployments or use cases to which the requirements can be applied. Some key notes on the requirements are:
· Maximum allowed conducted transmit power is 27 dBm in most of regions, but the transmit power is limited to 24 dBm in Japan and to 10 dBm per antenna port in China. In some cases, requirement on maximum transmit power is not defined separately from maximum EIRP.  
· Maximum allowed average EIRP of 40 dBm is allowed in most of the regions, while the EIRP is limited to 43 dBm and 44 dBm in Korea and China, respectively. Significantly larger EIRPs are allowed for point-to-point communications (e.g. in USA, Canada, Taiwan, Korea) or for fixed outdoor installations (CEPT c3) but frequently with further requirements on the minimum antenna gain. For example, average EIRP up to 55 dBm and 82 dBm is allowed with antenna gains of at least 30 dBi and 51 dBi, respectively. Maximum allowed EIRP against antenna gain is shown in Figure 1.
· The PSD is limited to 13 dBm/MHz and 23 dBm/MHz in Korea and Europe, respectively. This means e.g. that 1259 MHz and 50 MHz transmit bandwidths are required for the maximum allowed EIRP (44 dBm and 40 dBm) in those regions, respectively.    
· There is no requirement for the minimum occupied bandwidth, contrary to the regulations on 5 GHz unlicensed band.
· There is no limitation on maximum transmit time or requirement on specific spectrum sharing mechanism. For example, CEPT requires just implementation of adequate spectrum sharing mechanism.
It is worth noting that CEPT in Europe provides requirements for 3 different Wideband Data Transmission scenarios referred to as c1-c3 [7]. Scenario c1 requirements cannot be applied for fixed outdoor installations, while scenario c3 applies only to fixed outdoor installations. There are no such limitations for scenario c2. It is also worth noting the other distinct differences between the CEPT scenarios. Both c1 and c2 scenarios allow 40 dBm EIRP with 23 dBm/MHz PSD. However, the transmit power is restricted to 27 dBm in scenario c2 while no transmit power limitation is set in scenario c1. This means that at least 13 dBi antenna gain is needed in scenario c2 to reach 40 dBm EIRP. Scenario c3 allows for significantly larger EIRP and PSD of 55 dBm and 38 dBm/MHz, respectively, but also requires antenna gain of at least 30 dBi.  
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Figure 1. Maximum allowed mean EIRP vs. antenna gain in different regions. Minimum antenna gain is not defined in Korea, but there is separate EIRP limit for omni-directional antenna (not shown). 
ETSI BRAN has an ongoing work item on harmonized standard EN 302 567 [4] covering the requirements of at least c1 and is also currently developing harmonized standard EN 303 722 for fixed network equipment according to the requirements of at least c3. These harmonized standards do not cover all aspects of c2 requirements and new work item might be considered in ETSI BRAN.     
WRC 2019 identified 66-71 GHz band for IMT usage. This can lead to situation where co-channel coexistence between licensed and unlicensed access need to be considered. Coexistence mechanism defined for unlicensed access may be sufficient also for that situation. Further, as the regulations for the licensed access are currently undefined, we see that it is sufficient to focus in this study item only on coexistence mechanisms for unlicensed operation. 
Observation 1: The range on the maximum allowed transmit power, EIRP, and PSD affect the coexistence situations and need to be considered in the coexistence studies. 
Observation 2: Regulations do not set specific requirements on the coexistence mechanisms, e.g., on the type of mechanisms. 
Coexistence mechanisms 
In this section, we discuss candidate coexistence mechanisms for NR, namely, dynamic frequency selection (DFS), automatic transmit power control (ATPC), listen-before-talk (LBT), and duty cycle adaptation. Additionally we consider channelization as one of the first steps in the coexistence considerations. 
Channelization
Channelization can be used to define the frequency domain blocks on which the operation of coexistence mechanisms is defined. For example, the operation of Rel.16 NR-U channel access is determined in 20 MHz channels or sub-bands, while the bandwidth of NR-U carrier or BWP may be larger than that.
In [5], ITU-R recommends 2.16 GHz channel bandwidth for multiple gigabit wireless systems (MGWS) on the grounds that MGWS standards should employ the same channelization for better coexistence. IEEE 802.11ad/ay standards use 2.16 GHz channels. Hence, we see that 2.16 GHz channel bandwidth should be used in the design of NR coexistence mechanism.
The maximum PSD is reduced with a transmission bandwidth as wide as 2.16 GHz in comparison to narrower bandwidths. As an example, average PSD would be 6.7 dBm/MHz for 40 dBm EIRP with 2.16 GHz transmission bandwidth. Based on [6], UE peak EIRP is expected to be considerably lower at least for UE power classes 2 – 4. As another example, 23 dBm EIRP would result in -10.3 dBm/MHz average transmission PSD. UE EIRP can be expected to be considerably lower toward other transmit directions than the direction of peak EIRP [6]. When signal is received at very low PSD, for example channel estimation loss is expected to be considerable (or pilot overhead needs to be increased), causing degradation also in throughput. This can be mitigated with narrower signal bandwidth allowing larger PSD. Hence, it makes sense to consider also transmissions with a bandwidth smaller than the 2.16 GHz channel bandwidth to ensure reasonable received signal PSD also in cell edge conditions.           
Proposal 1: Channelization based on 2.16 GHz is assumed as a starting point in the coexistence mechanisms studies.  
Proposal 2: Transmissions with a bandwidth smaller than 2.16 GHz, such as 400 MHz, are also considered in the coexistence mechanisms studies. 
Considered coexistence mechanisms
Before discussing the candidate coexistence mechanisms of DFS, ATPC, and LBT, we briefly consider the impact of beamforming on interference and coexistence. 
Beamforming impact 
[bookmark: _Hlk31791510]Beamforming impacts significantly interference as well as co-channel coexistence. Narrow beams or large antenna gain will limit the transmitted signal to a certain direction (from transmitter). If EIRP is kept constant, the spatial area interfered by a transmitted signal is reduced with more narrow beams. Additionally, narrow Rx beams can suppress interference coming from directions outside the Rx beam. 
The impact of increasing transmit antenna gain on received interference is illustrated in Figure 2. Indoor Hotspot (open office) scenario was simulated for beamformed DL transmissions with the number of gNB antenna elements (AE) varying from 16 to 512. In the simulations, full buffer traffic, average of 10 UEs per cell, 100 MHz bandwidth, SU-MIMO scheduling, and 8-element UE antenna array were assumed. Simulations were carried out at 28 GHz frequency, but meaningful observations can be extracted from the shown results also for the 60 GHz frequency band.
In the simulations, constant EIRP of 39 dBm was maintained when the number of antenna elements was increased. In other words, gNB Tx power was reduced with increasing antenna gain. Signal was transmitted on narrower beam and, correspondingly, interfering a smaller spatial area. In Fig. 2a), DL cell spectral efficiency is presented for different numbers of gNB antenna elements. Significant spectral efficiency increase can be observed, although the EIRP is kept constant. This is understandable from Fig 2b) presenting cdfs for interference power received by a UE. Narrower gNB Tx beams reduce the interference received by UE, hence, improving SINR. Finally, UE antenna array was kept fixed in the shown results, so narrow Rx beams can be expected to suppress interference even further. Although interference within a single network was simulated, one can expect that more narrow Tx and Rx beams alleviate also coexistence.   
[image: ]  [image: ]   
a)																 b)
Figure 2. a) DL spectral efficiency and b) DL received interference power cdf for a varying number of gNB antenna elements with a constant EIRP of 39 dBm for Indoor Hotspot.
It can also be noted that a scheduled system like NR has an inherent mechanism preventing some of channel access collisions by UL signals: a strong on-going transmission on the channel may interfere UE and prevent UE from decoding PDCCH containing UL grant which in turn prevents UE from transmitting uplink signals potentially interfering the on-going transmission.
Observation 3: For a constant EIRP, interference is reduced with more narrow transmit beams.
Listen-before-talk procedure
Energy detection (ED) LBT procedure is one of the most common coexistence mechanisms. For example, it is used by 802.11, LTE and NR on 5 GHz unlicensed band. It is also supported by 802.11ad/ay on the 60 GHz band with quasi-omnidirectional beamforming configurations with a relatively high energy detection threshold of -48 dBm (as well as preamble detection at -68 dBm). However, the use of LBT on a beam-based system involves considerable drawbacks and limitations as discussed next.
With ideal LBT, the transmission would be delayed when the intended receiver is considerably interfered by an on-going transmission, or when the transmission would considerably interfere the reception of already on-going transmission. The basic approximation of ED-LBT is that channel energy measured on the transmitter is highly correlated with the channel energy at the receiver. While this is a reasonable approximation with omni-directional antennas, the measured channel energy may be very different at transmitter and receiver with beam-based operation. This is illustrated e.g. in [8] where downlink results are shown for NR-U Indoor Office scenario with a large antenna array in the gNB only.
RTS-CTS mechanism is conventionally used to incorporate receiver measurements into LBT procedure, at the price of additional delay and complexity. In [9], LBT performance is investigated with omnidirection and directional transmissions as well as with LBT at Tx only or both at Tx and Rx, hence, modelling RTS-CTS. LBT overhead due to random backoff and RTS-CTS signalling is ignored. The results show that for a system with directional transmissions, the spectral efficiency increases with increasing LBT threshold, but at same time, LBT impact to SINR is drastically diminished. With a high LBT threshold of -48 dBm, spectral effiency difference between Tx LBT and RTS-CTS is also marginal. One can expect that high LBT threshold is only relatively seldomly exceeded. 
On other hand, LBT introduces overhead as the channel remains unused during the LBT process. In [8], DL throughput simulations modelling LBT overhead show better performance without LBT than with LBT. In [10], a system with a fixed wireless access (FWA) link and a number of interfering non-FWA links is simulated. The results show that similar performance is reached with and without LBT as long as the LBT threshold is sufficiently high. LBT procedure can also have considerable impact on the implementation of the very high data rate devices to be used on 60 GHz band.
The referenced results seem to indicate that a beam based system with LBT may reach the performance of a system without LBT when high enough LBT threshold is used making negative LBT outcome a rare event. On other hand, LBT procedure induces overhead and can have considerable implementation impact. Hence, LBT does not appear as attractive candidate for NR coexistence mechanism.           
Observation 4: LBT procedure may involve considerable drawbacks when applied on beam based operation on 60 GHz band while the provided benefits remain unclear.
Dynamic frequency selection
The principle of dynamic frequency selection is simple: system selects or switches channel on which it operates to avoid a channel occupied by other systems. An example of DFS requirements is captured on [11] for radar avoidance and uniform loading of spectrum. 
DFS appears as an interesting coexistence mechanism candidate for NR. In [10], DFS is assessed to be effective and cost-efficient coexistence mechanism (to mitigate interference from multi gigabit wireless systems to fixed service applications). Further, DFS design can be reasonable from the viewpoint of standardization and implementation efforts: 
· Existing NR functions provide a natural base for gNB and UE to act as DFS master and slave devices
· DFS time scales for 60 GHz band coexistence can be designed to allow full utilization of existing NR functions
· [bookmark: _Hlk40096075]Expected DFS time scales allow gNB to incorporate UE channel measurements into channel load assessment with reasonable implementation efforts
· A form of DFS is already required for gNB operation on 5 GHz unlicensed band.    
In several regions or countries, there are 6 or 4 channels with 2.16 GHz channelization available [2]. This may be expected to be a sufficient number of channels for practical DFS operation. However, there are only 2 channels available in China, which presents a limitation to DFS operation.
Automatic transmit power control
Automatic transmit power control is also considered as effective and cost-efficient coexistence mechanism in [10]. In [10], ATPC is described as a mechanism adjusting the transmit power to the minimum power that is necessary to operate the link with the desired performance. ATPC requires feedback from the receiver, but does not involve additional measurements on channel occupancy. The existing NR uplink power control can be seen to provide desired ATPC also from the coexistence viewpoint. However, there are several open issues related to ATPC on downlink, such as, which DL signals and channels the ATPC should be applied to, how dynamic DL ATPC should be, how much standardization is needed. Nevertheless, we see also ATPC as an interesting candidate for coexistence mechanism. 
Duty cycle adaptation 
Use of low duty cycle is a well known coexistence mechanism. However, as the equipment’s transmission time within an observation time is limited to be e.g. less than 0.1%...10%, static low duty cycle cannot be considered as a feasible coexistence mechanism for NR.
Another approach is adaptive duty cycle determination. NR could use e.g. similar measurements as DFS for detecting a coexistence situation with another system. While DFS could be primary mechanism for solving coexistence problem, duty cycle adaptation could be used as a secondary mechanism to mitigate coexistence. Duty cycle adaptation is operated at a significantly longer term than LBT. Hence, it can be more easily implemented with reasonable efforts while e.g. incorporating UE channel measurements into channel load assessment. As the reduction of duty cycle has significant adverse effect on NR performance, it should be used only when a primary mechanism like DFS fails to solve coexistence. Futher, a beam specific duty cycle is naturally limited in a beam based operation. Hence, we see that duty cycle adaptation may be studied as a complementary coexistence mechanism.         
In this section, we discussed candidate coexistence mechanisms such as DFS, ATPC, LBT, and duty cycle adaptation. We see that the studies for NR coexistence mechanisms could consider at least DFS and ATPC and, as a complementary mechanism, duty cycle adaptation. On other hand, we noted that LBT can have considerable drawbacks with unclear benefits when applied on 60 GHz beam based operation.  
Proposal 3: Study dynamic frequency selection and automatic transmit power control as candidate coexistence mechanisms.
Proposal 4: Complementary mechanisms for interference mitigation operating on a longer term basis, such as duty cycle adaptation, can be considered. 
Coexistence evaluations 
For evaluating co-channel coexistence at 60 GHz band, we have simulated an indoor office environment with room size of 50x30 meters and presented the results also in [12]. The gNBs are placed at the long walls, 3 gNBs per operator, as shown in Figure 3. Other simulation parameters are tabulated in Appendix.
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Figure 3: gNB locations for one operator. For two operator case the gNBs are located on the opposite walls (mirrored across the x-axis).
The gNBs implement 7 different beams, and the best one is selected to transmit traffic to each UE. The beams roughly cover a 180 degree view from the gNB, with some variation between the beams’ main lobes. Considering that the gNBs of the two different operators are located opposite to each other, and one of the beams (at the panel boresight) points exactly at each other, the layout represents a difficult scenario in terms of coexistence.
UEs are dropped uniformly to the simulation area, but making sure that the receive signal strength is sufficient for the serving gNB. Omnidirectional antennas are assumed for the UEs. Figure 4 shows the UE positions of one operator from 1000 separate simulation drops.
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Figure 4: User positions for the different gNBs.
Simulations were run for a single operator (with 3 gNBs), and for two operators (with 3 gNBs each). Considering that the scenario is somewhat dense in terms of gNBs, some performance degradation can be expected in the two operator case compared to the single operator one.
It should be further noted, that line-of-sight was assumed for all links regardless of the distance, and this includes the inter-operator gNB-to-gNB links as well.
The results are presented below, for average buffer occupancy over simulation time, and throughput. Three load points were simulated, low (60 packets/s/user), medium (120 packets/s/user), and high (240 packets/s/user). LBT with quasi- omnidirectional beamforming configuration is simulated at the high load point, whereas the lower load points are without LBT.
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Figure 5: Buffer occupancy vs. simulation time. Left: single operator case. Right: two operator case.
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Figure 6: DL throughput per packet. Left: single operator case. Right: two operator case.
The results indicate that the LBT does not really have an impact on throughput at high load, in the two operator case - in fact, use of LBT has a slightly negative impact on the throughput. The LBT overhead is on the average about 4%, considering the COT length used in the simulation. However, it was recorded that the measured energy rarely exceeded the ED threshold level (similar as to 802.11ad ED level). Even with the high beamforming gain (~20 dBi) and line-of-sight to the other operator’s gNB, the inteference level at the gNB performing LBT is low. If the number of beams was increased, the likelihood of the opposite APs pointing beams simultaneously at each other would reduce even furher. Figure 7 shows the received power of different link types collected from the simulation, and this suggests that an unrealistically low ED threshold level would need to be used to see LBT deferrals in practical deployments.
Observation 5: In the considered difficult coexistence scenario, LBT does not improve DL throughput at high load.
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Figure 7: Received power of different link types.
Conclusion
In this contribution, we considered the co-channel coexistence mechanisms suitable for NR on 60 GHz unlicensed band, and identified coexistence mechanism candidates to be studied further. We made following observations and proposals:  
Observation 1: The range on the maximum allowed transmit power, EIRP, and PSD affect the coexistence situations and need to be considered in the coexistence studies. 
Observation 2: Regulations do not set specific requirements on the coexistence mechanisms, e.g., on the type of mechanisms. 
Observation 3: For a constant EIRP, interference is reduced with more narrow transmit beams.
Observation 4: LBT procedure may involve considerable drawbacks when applied on beam based operation on 60 GHz band while the provided benefits remain unclear.
Observation 5: In the considered difficult coexistence scenario, LBT does not improve DL throughput at high load.
Proposal 1: Channelization based on 2.16 GHz is assumed as a starting point in the coexistence mechanisms studies.  
Proposal 2: Transmissions with a bandwidth smaller than 2.16 GHz, such as 400 MHz, are also considered in the coexistence mechanisms studies. 
Proposal 3: Study dynamic frequency selection and automatic transmit power control as candidate coexistence mechanisms.
Proposal 4: Complementary mechanisms for interference mitigation operating on a longer term basis, such as duty cycle adaptation, can be considered. 
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Appendix
The simulation and radio technology parameters used in the simulation are listed in Table 1.
Table 1: Simulation parameters.
	Parameters
	Value

	Simulation scenario
	Indoor Office, 3 APs/operator, 5 UEs per AP

	Path loss and fading
	5GCM indoor mixed office, LOS assumed always regardless of link distance
Fast fading velocity of 3 km/h

	
	

	LBT
	{Off, On}

	LBT Mechanism
	Energy Detection at the transmitter

	LBT: Contention slot duration
	5 us

	LBT: Contention Window
	16 contention slots non-adaptive window 

	LBT: Energy Detection Threshold
	-48 dBm

	
	

	COT Duration
	0.98 ms

	Traffic
	FTP Type 3 (Poisson arrivals) DL only
{60, 120, 240} packets/s/user

	Arrival file size
	0.5 MB

	Radio Access Technology
	NR like operation (up to 100% duty cycle)

	Carrier Frequency
	60 GHz

	Bandwidth
	2.16 GHz (96% occupied)

	AP/gNB antenna configurations
	16x8 array, 45 degree cross-polarized

	UE antenna configurations
	2x1 omnidirectional

	
	

	EIRP for AP
	40 dBm max (exact EIRP depending on beam selection)

	Conducted Power
	18 dBm

	
	

	Metric for evaluation
	Buffer occupancy
Per packet throughput 
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