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Discussion and Decision

1. Introduction
At RAN#65, a new study item on Licensed-Assisted Access using LTE was approved in [1]. By using unlicensed spectrum as part of LTE communication, the studied solutions need to comply with the related global/regional/national regulation of the targeted unlicensed bands, specifically in the 5GHz range. 

A summary of the regulation was already presented to 3GPP in [2]. In this contribution, we will not repeat such a summary but focus on specifics of the regulation that will affect the potential solutions enabling LTE LAA usage in unlicensed spectrum. Specifically, we refer here to the related regulation of ETSI in [3,4,5] that provides essential details on how the operation using unlicensed spectrum is allowed. 
The discussions are structured as follows in terms of regulatory aspects that need to be taken into account:

· Limitations in terms of transmission power
· Limitations in terms of transmission bandwidth

· Limitations in terms of channel use, protecting radars etc. through DFS

· Mechanisms enabling fair channel use and co-existence (i.e. Listening Before Talk)

An objective of the LAA SI [1] is to find a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. Thus, we feel that the group in RAN1 would need a unified understanding on the limitations given by regulation and co-existence, which we discuss below. 
2. Limitations in terms of transmission power

Looking at the regulations, the TX power limitations are one of issues differentiating legacy LTE operation (on licensed band) from LTE on unlicensed bands (aka LTE LAA) operation. Hereby, we would like to refer the interested reader to [2].
When looking at the different regulations around the globe, different types of transmission power limitations are to be considered, including

1. Overall TX power – including
· Max. conducted Power

· Additionally constrained by a maximum antenna gain (in dBi)
· Max. mean EIRP

· Additional Transmit Power Control (TPC) limitations 
2. Power spectral density – including
· Max./Peak power spectral density (PSD)

· Additionally constrained by a maximum antenna gain (in dBi)

· Max. EIRP density

2.1 Overall TX power limitations

Looking at the overall TX power limitations around the globe summarized in [2], it can be seen that regions have rather different ways of defining max. overall TX power. 
· In North America (FCC & Canada) the max. conducted output power is specified considering some reference antenna gain. A similar limitation is also valid in Korea considering that the max. PSD level for Korea is system bandwidth specific. In case the transmission node would have a larger antenna gain than the specified ones (6dBi) the max. conducted output power is to be reduced accordingly. 

· In contrast, in Europe and China the limitation is given by the maximum EIRP which basically includes the potential antenna gains already and should be therefore neutral to the applicable antenna gains. The Chinese regulations in addition give an assumed 6dBi antenna gain for the operator bands (5.725-5.850GHz) resulting in a conducted output power limitation. Note further, that any beamforming gains are to be included in the EIRP calculations at least in Europe.
· Japan is not making a difference between the maximum EIRP density and the maximum PSD limits, i.e. the max. limits are equal, for 5.15-5.35GHz. Therefore, the max. PSD limit can be used in these bands only in case of an isotropic radiator (0dBi). For the frequency band 5.47-5.725, up to 7dBi antenna gain can be used without restricting the output power due to directional antennas.
Therefore, if one would like to design TX antennas to be able to actually reach the maximum the radiated power for all the regulations, one might choose an antenna gain of around 6dBi. Limitations on the antenna gain need to be considered in the 3GPP studies and specifically taken into account in the agreed simulation assumptions for the studies.
Observation 1: Trade-offs in terms of max. conducted transmission power versus antenna gain need to be taken into account in the LTE LAA studies. 

So far we discussed only the methodology, how the overall transmission power limitation is given by the regulations but have not yet considered the actual absolute values. Looking at the summary provided to the RAN plenary in [2], one can see that for the different frequency bands and regions different power limits apply. We denote some related examples below:
· 5150-5250: Absolute limit given by the Korean regulations as 17dBm + up to 6dBi 
· Equivalent to 23dBm EIRP overall: Canada, Europe, China, Japan
· Larger TX power possible in the US: UE - 24dBm + up to 6dBi; AP/eNB - 30dBm + up to 6dBi
· 5250-5350: Limit given by 23dBm EIRP overall (Europe, Japan, China)
· Larger TX powers possible in Korea (23dBm + up to 7dBi), Canada & US (24dBm + up to 6dBi) 
· 5470-5725: Limits given by 23dBm + up to 7dBi (Korea, Japan)
· Rather equivalent to 24dBm + up to 6dBi (US, Canada), 30dBm EIRP (Europe) 
· Band not available in China at all
· 5650-5725 not available in Korea, 5600-5650 not available in Canada
As one can see, there is quite some variation for some of the target frequency bands. Therefore, the assumed transmission power will need to be carefully selected for the LAA studies and some early agreements for the simulation assumptions will be needed. 

Observation 2: The max. TX power limitations are clearly band and region specific. 

In addition, transmit power control (TPC) is required for certain bands (5.25-5.35 GHz and 5.47-5.725 GHz) for all geographical areas. A certain power control target (average power reduction) is specified, e.g. by FCC [6] or alternatively, a 3dB power reduction needs to be applied (at least in ETSI/Europe, FCC & Canada, China). 
Looking at LTE, power control is clearly used for LTE UL operation but usually the LTE DL is having some very limited power control in terms of PDSCH EPRE (e.g. EPRE limitations for higher order modulations). Therefore, a 3dB TPC back-off might be need to be included in the LAA DL studies. In case LAA UL supports TPC (as is used for LTE UL), no power back-off in terms of TPC might need to be considered in the related LAA UL studies.
Observation 3: Some power back-off needs to be considered for the LAA operation without or with limited TPC on unlicensed bands (i.e. especially for DL studies). 

Overall, considering the observations on the region specifics, the trade-off between usable antenna gain vs. usable max. conducted TX power, as well as the need for power back-off without or limited TPC for DL operation, we see a need for RAN1/3GPP to discuss some reasonable parameter assumptions on max. conducted output power as well as antenna gain for LAA eNBs & UEs.
Proposal1: RAN1 to converge on some global study assumptions in terms of (TX) node antenna gain, power control assumptions (w/o or limited TPC) as well as the related max. conducted TX power/max. mean EIRP.

2.2 Power Spectral Density (PSD) limitations

In addition to the overall TX power, also the power spectral density is limited by the regulations. Looking at the summarized regulations the following aspects need to be taken into account considering cellular type of thinking:

· The transmission power is overall limited by the transmission node. Therefore, if another carrier in the transmitter is activated – the transmission power per carrier is to be decreased accordingly. 
· The PSD limitations will not set any total TX power limitations in case:
· For a single 20MHz carrier, the full channel bandwidth is utilized.
· Applicable to all regions
· The overall transmission bandwidth is larger than 20MHz
· Applicable to all regions except Japan & Korea
· But, narrowband transmissions are strongly limited by the PSD. Therefore, narrowband transmission using the full TX power (as used in LTE UL) will not be possible. 
This limitation will have a strong effect specifically on solutions for the potential LAA UL operation. LTE UL operation is assuming a fixed max. UE TX power. Therefore, the scheduled LTE UL bandwidth has a direct impact on the achievable coverage and the baseline coverage is given by narrowband UL transmissions. 
Using unlicensed bands, making a trade-off between coverage and scheduled bandwidth is not possible and the UL coverage will be limited by the power spectral density only (i.e. narrowband transmission is not helping the coverage). This of course requires slightly different UL scheduler operation for UL LAA operation compared to legacy licensed band LTE systems.
Observation 4: The PSD will set operational restrictions in terms of usable TX power for narrowband (e.g. UL) transmissions. In contrast to licensed band operation, the UL LAA coverage will not be affected by the scheduled bandwidth but is limited by the PSD regulation only.

3. Bandwidth limitations 
The regulations also define some limitations on how the bandwidth may be used, i.e. narrowband transmissions are not allowed per se.
As an example, ETSI defines Nominal Channel Bandwidth as the widest band of frequencies, inclusive of guard bands, assigned to a single channel [3]. Nominal Channel Bandwidth is required to be at least 5 MHz. As such, Nominal Channel definition is compatible with most available LTE system bandwidths, e.g. 1.4MHz & 3MHz system bandwidth is not allowed to be used in the 5GHz unlicensed band. It is worth noting that Wi-Fi is using 20MHz channel bandwidth and its multiples as the basis of the operation in 5 GHz unlicensed band.

In addition to Nominal Channel bandwidth, ETSI defines Occupied Channel Bandwidth as the bandwidth containing 99% of the power of the signal. It is required that the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. For downlink LTE, the impact of this requirement seems to be relatively minor. On the other hand, uplink multiplexing of LTE is based on SC-FDMA, and if Nominal Channel Bandwidth is the LTE system bandwidth, uplink multiplexing may have serious limitations due to Occupied Channel Bandwidth requirements. However, during an established communication, ETSI regulations allows a device to operate temporarily in a mode where its Occupied Channel Bandwidth may be reduced to as low as 40 % of its Nominal Channel Bandwidth with a minimum of 4 MHz. It should be clarified what “temporarily” means in here, and how long can a device operate in that mode, and what limitations there are for the temporary operation.

Proposal 2: 3GPP to clarify the meaning of the “temporary Occupied Channel Bandwidth reduction” according to ETSI requirements.
A device is allowed to operate on several adjacent or non-adjacent channels simultaneously. When equipment has simultaneous transmissions on adjacent channels, these transmissions may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately. The definition of the Occupied Channel Bandwidth is not completely clear – LTE could for example transmit in two RBs on the edges of the band, and in that case the 99% of the power of signal would be in the bandwidth occupying more than 80% of the channel. It should be clarified whether this example is allowed by the ETSI rules or any other regulations worldwide.
Proposal 3: 3GPP to clarify the meaning of the “Occupied Channel Bandwidth” according to ETSI requirements.
Again, it seems to be that the regulations world-wide again are very different. The FCC in the US [6] as an example only specifies a minimum 6dB bandwidth to be at least 500 kHz with the 5.725-5.85 GHz band but sets no other restrictions on bandwidth utilization. Therefore, it would be good to clarify the related regulations around the globe and capture them into the LTE LAA TR. 
Proposal 4: 3GPP to clarify and capture potential occupied channel bandwidth requirements/restrictions set for Europe by ETSI (in EN 301 893) as well as other regions into the LTE LAA TR.

4. Limitations in terms of channel use (aka DFS)
Most regulations around the globe have certain limitations in terms of using a channel in the unlicensed band. This is usually denoted as Dynamic Frequency Selection (DFS), where e.g. the regulation by the FCC defines this in §15.403 as:
‘Dynamic Frequency Selection (DFS) is a mechanism that dynamically detects signals from other systems and avoids co-channel operation with these systems, notably radar systems.’ 
Please note, that DFS applies only to certain frequency bands, e.g. in the US/FCC in 5.25-5.35 GHz and 5.47-5.725 GHz. 
Related to DFS, ETSI defines in Sec. 4.7 of [3] master and slave mode devices. 
· Master devices need to comply with DFS by checking after installation before starting using a channel through Channel Availability Check as well as during operation through In-Service Monitoring. Such a master device somehow requires a Radar Interference Detection function.  
· Slave device shall not transmit before receiving an appropriate enabling signal from an associated master device and shall stop its transmissions on a channel whenever instructed by a master device.
A slave device might not require DFS functions in case the TX power is additionally limited (e.g. maximum EIRP of less than 23 dBm in Europe). For higher TX power slave devices some limited DFS functionality would still be required. 

In this respect, studying solutions to cope with DFS requirements on certain frequency bands (if intended to be used by LAA) are needed.
In case of an LTE LAA DL SCell, the DFS functionalities would of course only be needed in the LTE LAA eNBs. The DFS functionality itself could be considered to be implementation specific as long as available LTE mechanisms enabling to disable carriers in time after detecting a radar are still available (i.e. using the LTE carrier aggregation framework through carrier activation/deactivation). The related test cases for DFS are clearly specified by the regulation already and therefore, only some references to the relevant regulations might be needed. 

The situation in case of LTE LAA UL SCell is a bit trickier. A UE is clearly to be considered as a slave device [3] as an LTE UE is not autonomously transmitting but is to be considered as guided by the eNB/master. In case higher power UE transmissions are considered, then the DFS would need to be taken into account in the LAA UL studies – otherwise, the LTE LAA UL studies might not consider DFS at all.

In this respect, we would like to note the following observations and related proposal:
Observation 5: RAN1 needs to consider at least the following Dynamic Frequency Selection (DFS) related aspects:
· An LAA eNB will need to fulfill DFS requirements and include DFS functionalities.

· AN LAA eNB is to be considered as a master device in terms of ETSI regulations. 

· According to ETSI regulations, an LAA UE enabled for unlicensed spectrum (UL) transmission is to be considered as a slave device.
· A slave device (LAA UL UE) would with certain TX power limitations not need to perform any DFS measurements and include DFS specific functionalities. 
Proposal 5: RAN1 to clarify if the slave device definition not requiring DFS functionalities for an LAA UL / transmitting UE is applicable globally, i.e. if DFS should be included in the LAA UL studies or alternatively, if some additional UE TX power limitations are considered to be sufficient. 
5. Mechanisms enabling fair channel use and co-existence 
Channel access mechanisms are aimed at regulating what measures devices have to take in order to avoid interfering with other systems operating in the band. The channel access mechanism on unlicensed bands is based on listen before talk (LBT), which mean that before transmission the device should perform carrier sensing or clear channel assessment (CCA), i.e. detecting whether the channel is already in use by measuring the energy in the operating band. 
In a companion contribution we give an overview of the ETSI rules on channel access mechanisms [6]. Looking at the summary there, the following channel access mechanisms are possible in Europe according to [3]: 

· Channel access is in principle only possible after successful dynamic frequency selection (DFS) for bands requiring DFS (i.e. 5.25-5.35 & 5.47-5.725 GHz)

· Operation Mode 1: Frame based Equipment (FBE)
· Operates periodically, based on some defined fixed frame timing

· The node is to perform ≥20us clear channel assessment (CCA) before starting a transmission at a fixed point in time

· The fixed frame period consists of channel occupancy time and idle period.

· The channel occupancy time can be within the range from 1 – 10ms.

· The idle periods needs to be ≥5% of the channel occupancy time

· (CCA can be performed during the idle period)

· Operation Mode 2: Load based Equipment (LBE)
· Channel access is not limited to fixed frame timing (in contrast to FBE)

· The maximum channel occupancy time is limited to q*13/32ms, where q is a value to be chosen in the range of q([4,..,32]. Therefore, the maximum channel occupancy time for LBE in general comes to 13ms (with q=32).  

· The node is to perform CCA - or if the channel found occupied and after finalizing some transmissions an extended clear channel assessment (eCCA)

· The maximum eCCA observation time is given by q*20us
· The actual maximum eCCA is given by rand[1,q]*20us
· The required minimum idle time is limited only by the TX-RX and RX-TX switching times and the needed time for CCA/eCCA.

· Short control signaling transmissions

· Can be used to transmit short control messages without the need to perform LBT/CCA.

· A maximum duty cycle of 5 % within an observation period of 50ms is allowed
· Allowed in combination with frame based (FBE) as well as load based equipment (LBE) operation

Different regions around the globe might be having different limitations or rules in sense of LBT / channel access mechanisms. Comparing as an example, e.g. the ETSI/European regulations with the Japanese requirements, the maximum channel occupancy time in Japan is set to 4ms (whereas ETSI allows for up to 10/13ms). As a further example, the FCC [6] does not require LBT on top of DFS at all.
Therefore, it is important to list in the LTE LAA TR the limitations on LBT/CCA mechanisms, max. channel occupancy time, specific intended operation modes (similar to LBE/FBE by ETSI/in Europe) to enable a global design, that at least by configuration enables to serve all the markets.

Proposal 6: List in the LTE LAA TR different channel access mechanisms allowed by different regulations including

· Max. channel occupancy time

· Min. idle times

· LBT mechanisms (sensing time, procedures, etc.)

· Different channel access modes (e.g. Frame based Equipment operation vs. Load based equipment operation)

· Other regulation specifics (e.g. short control signaling transmission in Europe)

A good summary of the European/ETSI related information can be found in the companion document [7]. 

6. Summary and conclusions
In this contribution, we discussed the effect of global regulations on unlicensed band utilization on the 3GPP studies on License Assisted Access (LAA). 
Based on the discussions in this paper we would like to highlight the following observations and proposals:
In terms of transmission power:

· Observation 1: Trade-offs in terms of max. conducted transmission power versus antenna gain need to be taken into account in the LTE LAA studies. 
· Observation 2: The max. TX power limitations are clearly band and region specific. 
· Observation 3: Some power back-off needs to be considered for the LAA operation without or with limited TPC on unlicensed bands (i.e. especially for DL studies). 
· Proposal1: RAN1 to converge on some global study assumptions in terms of (TX) node antenna gain, power control assumptions (w/o or limited TPC) as well as the related max. conducted TX power/max. mean EIRP.
· Observation 4: The PSD will set operational restrictions in terms of usable TX power for narrowband (e.g. UL) transmissions. In contrast to licensed band operation, the UL LAA coverage will not be affected by the scheduled bandwidth but is limited by the PSD regulation only.
In terms of transmission bandwidth:

· Proposal 2: 3GPP to clarify the meaning of the “temporary Occupied Channel Bandwidth reduction” according to ETSI requirements.
· Proposal 3: 3GPP to clarify the meaning of the “Occupied Channel Bandwidth” according to ETSI requirements.
· Proposal 4: 3GPP to clarify and capture potential occupied channel bandwidth requirements/restrictions set for Europe by ETSI (in EN 301 893) as well as other regions into the LTE LAA TR.
In terms of channel use:
· Observation 5: RAN1 needs to consider at least the following Dynamic Frequency Selection (DFS) related aspects:

· An LAA eNB will need to fulfill DFS requirements and include DFS functionalities.

· AN LAA eNB is to be considered as a master device in terms of ETSI regulations. 

· According to ETSI regulations, an LAA UE enabled for unlicensed spectrum (UL) transmission is to be considered as a slave device.

· A slave device (LAA UL UE) would with certain TX power limitations not need to perform any DFS measurements and include DFS specific functionalities. 
· Proposal 5: RAN1 to clarify if the slave device definition not requiring DFS functionalities for an LAA UL / transmitting UE is applicable globally, i.e. if DFS should be included in the LAA UL studies or alternatively, if some additional UE TX power limitations are considered to be sufficient. 
In terms of fair channel use and co-existence:
· Proposal 6: List in the LTE LAA TR different channel access mechanisms allowed by different regulations including

· Max. channel occupancy time

· Min. idle times

· LBT mechanisms (sensing time, procedures, etc.)

· Different channel access modes (e.g. Frame based Equipment operation vs. Load based equipment operation)

· Other regulation specifics (e.g. short control signaling transmission in Europe)
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