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1 Introduction

Solutions for licensed-assisted access using LTE on 5GH band need to consider regulatory requirements on the band from different regions of the world. A comprehensive overview of global regulatory requirements can be found in [2]. In this contribution, we summarize the regulatory requirements and discuss the relevant regulatory requirements that impact RAN1.
2 Summary of regulatory requirements for 5GHz band

Based on the global regulatory requirements in [2], regulatory requirements on 5GHz band include channel bandwidth, the maximum transmit power, Dynamic Frequency Selection (DFS) and Listen-Before-Talk (LBT) requirements for different regions are summarized in Figure 1.
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Figure 1 summary of the regulatory requirement for unlicensed spectrum of 5GHz in different regions 


From the Figure 1, we can see that most of regulatory requirements on the 5GHz are different from each region. For example, outdoor deployment in 5150-5250MHz spectrum is not allowed except the USA, and parts of spectrum bands are not available for some regions. Note that most of the requirements above should be taken into account by RAN4.


For DFS, most of regions have DFS requirement on the specific spectrums to protect radar signal against interference from the other radio equipments on the 5GHz. The requirements of most DFS parameters except the DFS threshold for radar detection are identical regardless of region as in Table 1.

Table 1 DFS requirements for 5GHz

	Parameters
	Requirements

	DFS threshold
	Region specific

	Channel availability check 
	> 60 seconds

	Channel move time
	< 10 seconds

	Non-occupancy time
	> 30 minutes



For fair co-existence among unlicensed spectrum deployments, some regions have LBT requirements. Details on LBT requirements can be found in [2][3]. In addition to region specific LBT requirements, operations to meet LBT requirements should be in the order of ms, it would have the significant impact to RAN1 rather than other regulatory requirements. Therefore, we will focus on DFS and LBT requirement impacts on RAN1 in the following section.

3 Impact of regulatory requirements for 5GHz band on RAN1

Among the regulatory requirements, LBT which is beneficial for ensuring fair co-existence with other radio equipment have the most significant impact to RAN1 work. Clear Channel Assessment (CCA) procedures and restrictions on the maximum channel occupancy need to be taken into account when considering the LTE frame design and operation on 5GHz. Although LBT is only currently required in some regions of the world such as Europe and Japan (but is not required in other regions such as the US, South Korea, etc), it would be desirable to strive for a common design framework as much as possible in order to minimize specification, implementation and testing complexities. 


We note that there are two different LBT requirements defined by ETSI [3] based on whether the equipment operating on 5GHz is “frame-based” or “load-based”. Further details can be found in [2]
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[3]. Notably, a “fixed frame period” needs to be defined for a “frame-based” solution and a “load-based” solution would be subjected to an Extended CCA procedure. 
Observation 1: There are different LBT requirements depending on whether LAA is designed to be “frame-based” or “load-based”. 

It is also noted that while the maximum channel occupancy time for Europe is 10ms for “frame-based” equipment and is less than (13/32) × q ms (where q is a parameter from Extended CCA operation [3]), the channel occupancy for Japan is only less than 4ms [2]. Discussions would be needed on how to handle the different LBT requirements from different regions. 
Observation 2: The maximum channel occupancy definitions for Europe and for Japan are different. It should be discussed how to handle the different LBT requirements from different regions of the world.

Moreover, ETSI regulation also allows transmissions that don’t need to comply with CCA provided a certain condition is met. For example, equipment is allowed to skip CCA to transmit ACK/NACK after reception of data, but it must be part of the maximum channel occupancy time. Short Control Signalling transmission is also possible [3], where signals with a maximum duty cycle of 5% within an observation period of 50ms can be transmitted without CCA.
Observation 3: According to the ETSI regulation, equipment is allowed to skip CCA to transmit ACK/NACK after reception of data, but it must be part of the maximum channel occupancy time. Signals with a maximum duty cycle of 5% within an observation period of 50ms can also be transmitted without CCA (Short Control Signalling transmission).

It is our understanding that LBT would only be required for co-existence with other RAT such as WiFi on 5GHz. LBT would not be required for co-existence with other LAA cells although it is also possible to define LBT for LAA cells co-existence as well. LTE was designed to enable co-channel cells and UEs to operate without LBT. Although there are interference issues with dense small cells deployments, they can be addressed with Rel-12 SCE features. Therefore, we expect LBT to be targeted only for co-existence with other RAT such as WiFi.
Note: It is our understanding that LBT is required for co-existence with other RAT on 5GHz and is not required for co-existence with other LAA cells.

The purpose of DFS is to avoid interference with radar systems and to achieve near-uniform loading of the 5GHz spectrum [3]. Considering the relatively slow time-scale of the DFS procedures which is of the order of second(s) as shown in Table 1, DFS requirements can be met with higher layer procedures such as SCell deactivation/deconfiguration, as such there seems to have no impact to RAN1. It also seems possible to meet in-service monitoring requirement of DFS with eNodeB/UE measurements during off periods of LAA cells imposed by LBT.
Observation 4: DFS requirements can be handled through existing higher layer procedures. DFS requirements do not seem to have impact on RAN1. It also seems possible to meet in-service monitoring requirement of DFS with eNodeB/UE measurement during off periods of LAA cells imposed by LBT.

It is stated in [3] that the Nominal Channel Bandwidth shall be at least 5MHz at all times. The Occupied Channel Bandwidth shall be between 80% and 100% of the declared Nominal Channel Bandwidth. This implies that at least bandwidths below 5MHz (i.e. 1.4MHz, 3MHz) are not supported on 5GHz. However, it may be further discussed if 5MHz or even 10MHz or 15MHz should be supported on 5GHz considering the large bandwidth available at 5GHz band. Excluding narrower bandwidths can have some impact on RAN1, e.g. it would be possible to obtain RRM measurements with accuracy that is comparable to the legacy measurement using only measurement samples from a single subframe. 
Observation 5: At least bandwidths below 5MHz (i.e. 1.4MHz, 3MHz) are not supported on 5GHz. However, it may be further discussed if 5MHz or even 10MHz or 15MHz should be supported on 5GHz considering the large bandwidth available at 5GHz band.
4 Conclusions
In this contribution, we summarized the regulatory requirements and discussed regulatory requirements that impact RAN1. Our observations are summarized below.
Observation 1: There are different LBT requirements depending on whether LAA is designed to be “frame-based” or “load-based”.  

Observation 2: The maximum channel occupancy definitions for Europe and for Japan are different. It should be discussed how to handle different LBT requirements from different regions of the world.
Observation 3: According to the ETSI regulation, equipment is allowed to skip CCA to transmit ACK/NACK after reception of data, but it must be part of the maximum channel occupancy time. Signals with a maximum duty cycle of 5% within an observation period of 50ms can also be transmitted without CCA (Short Control Signalling transmission).
Note: It is our understanding that LBT is required for co-existence with other RAT on 5GHz and is not required for co-existence with other LAA cells.

Observation 4: DFS requirements can be handled through existing higher layer procedures. DFS requirements do not seem to have impact on RAN1. It also seems possible to meet in-service monitoring requirement of DFS with eNodeB/UE measurement during off periods of LAA cells imposed by LBT.
Observation 5: At least bandwidths below 5MHz (i.e. 1.4MHz, 3MHz) are not supported on 5GHz. However, it may be further discussed if 5MHz or even 10MHz or 15MHz should be supported on 5GHz considering the large bandwidth available at 5GHz band.
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