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1. Introduction

In the last RAN1 #79 meetings, the following functionalities and design principles in UE RF aspect are agreed [1] to be needed [2] for Un-licensed spectrum.

· Regulatory requirement in some countries
· Listen-before-talk (LBT: Clear channel assessment)
· Transmit Power Control as per regulatory requirement
· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· Carrier selection
· Agreed LAA UE required functionality in RAN WG1
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· Support at least 20MHz system BW option in the 5GHz band

· System bandwidths < 5 MHz are not considered for PHY layer options in LAA
In this contribution, we analyse LBT for effective and fair coexistence with legacy system in co-channel scenario. And also we provide our view on the required LAA UE functional design issues such as AGC setting and coarse synchronization based on LBT operation.
2. Background of LAA Study
Currently, RAN1 already studied for the regulatory requirements in 5GHz unlicensed bands as follow

	                  Regulation

Region
	Coexistence
	Max. output power
	Emission

	EU
	LBT/TPC/DFS
	23 ~ 36dBm according to frequency bands
	-30dBm/MHz (see the Table 4.1.1-2 [2])

	US
	TPC/DFS
	24 ~30dBm according to frequency bands
	-27dBm/MHz (see the Table 4.2.1-1 [2])

	Asia
	TPC/DFS in China/Japan/Korea
LBT in Japan
	24 ~27dBm according to frequency bands
	-33dBm/100kHz in China
-27dBm/MHz in Kore


From these summarised results, RAN1 started LBT operation in eNB side in the first phase since the unlicensed band can be only used supplementary DL band as in Figure 1. Other coexistence regulation such as TPC/DFS can follow legacy unlicensed specification and/or be resolved with eNB/UE implementation skill. 
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Figure 1. LAA candidate scenarios in unlicensed spectrum
For Supplementary DL only scenario as shown in figure1, the maximum output power of eNB can follow the regulation in each region. UE maximum output power level is not included in the first phase, define the level in first phase. However, if UE is allowed to transmit signal in unlicensed spectrum, then its maximum output power can follow the existing LTE UE’s power class based on satisfaction of the required regulation. Emission regulations in the unlicensed band should also be reflected in LAA specification.
From this analysis, we can propose as follow

Proposal 1: RAN WG4 should be focused the supplementary DL only scenario in the first phase for LAA. 
Proposal 2: The required regulation should be reflected on 3GPP technical specification.
3. LAA coexistence analysis based on LBT operation in co-channel
For the LBT operation, European and Japanese regulation mandates the usage of LBT operation that will be required whether the channel is occupied or not by legacy Wi-Fi UE or other LTE UE by different operators. It can be guarantee of effective and fair coexistence with legacy systems and LAA networks. 

But we can also consider other solution for coexistence issues.

The follow three options are provided in IDC cases [3].
1)  FDM

A. LTE carrier move to clear and away from strong Wi-Fi/BT signal

B. WiFi channel  move to away from LTE signal

2) TDM

A. DRX based solution: LTE and Wi-Fi can share the ISM band by DRX based on eNB scheduling to avoid interference between Wi-Fi and LTE Rx
B. HARQ process reservation based solution
3)  Power control
A. LTE Tx power could be reduced to mitigate the interference within Wi-Fi/BT Rx

The FDM scheme can be reflected in LAA system by dividing the wide 5GHz ISM band into a few 20MHz carriers and allocate the carrier per each operator in country. This approach does not have interference issues among inter-operators. And also eNB do not mandate LBT to protect LTE system. LBT mechanism only required for legacy Wi-Fi UE. But it can be at risk for violation of regulations due to limited maximum transmission duration and the purpose of ISM band.
The 2nd TDM scheme is only applicable when two inter-operators share the most information of eNB in adjacent area. So TDM scheme is not realistic solutions
And also the 3rd power control scheme is already decided in RAN WG1 as follow
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement
· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
So, basically, LBT operation is major discussion points for LAA SI, or RAN4 decide to have other solution for coexistence between LTE system in 5GHz and legacy system such as FDM solution among each operators. FDM solution enables eNB/UE do not need for operation of carrier selection since pre-selected carrier is used per operator.
For the analysis of LBT operation in LAA, we can consider the following two coexistence cases 
1) Case1: LTE UE + WiFi UE in co-channel of 5GHz unlicensed
2) Case2: LTE UE + LTE UE in co-channel of 5GHz unlicensed
LBT operation is looking for a clear channel assessment (CCA) check before using the selected channel. RAN WG1 assumes that CCA is performed before TX burst transmission as illustrated in Figure 2. Following subframe format is one of candidate frame structure for LBT operation based on Frame-Based Equipements (FBE) LBT mechanism. For the last a few OFDM symbol duration in the last subframe of a TX burst, LAA eNB does not transmit any signals.
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 Figure 2. Illustration of LAA frame structure for DL LBT operation
In Case1 scenario, we assumed that operator #1 deploys LAA and operator #2 deploys WiFi. One of the design targets of an LAA system is the effective and fair coexistence with Wi-Fi system on the same carrier, with respect to throughput and latency. Thus, we checked whether LAA guarantees Wi-Fi performance or not.
In Case2 scenario, we assumed that operator #1 deploys LAA and operator #2 deploys LAA.
As the coexistence analysis [4], we can see that the LBT mechanism based on energy detection method can be guarantee of the legacy Wi-Fi system and LAA operation among inter-operator in co-channel of 5GHz frequency band.
But RAN WG4 also need to study some consideration how to operate of LBT mechanism in two scenarios. In Case1, LTE system is aggressor system and WiFi system is legacy victim system, hence LAA eNB should be find reasonable detection method to protect Wi-Fi/LAA system in 5GHz band.

One possible solution for LBT, RAN4 can reuse the energy detection level in WiFi system to protect Wi-Fi system. 
In other words, eNB should perform carrier sensing before transmitting LTE signals in the channel. If energy level is over a certain value, then eNB should not send any Tx signal in the channel. However, if the energy level is less than a certain value, then eNB can send trasnmit signals to occupy the channel as shown in Figure2.
From our simulation results [4], the energy detection level with, e.g., -62dBm can protect the legacy system and LAA system by inter-operators well. 
Hence, we can propose as follow
Proposal 3: RAN WG4 need further study to verify the energy detection level to protect legacy systems/LAA system in 5GHz frequency bands. 
4. UE consideration for LAA
In the first phase of LAA, RAN WG4 can only consider supplementary DL band in 5GHz frequency band.

Then impact on UE would be smaller compared to that on eNB. That is because eNB should detect the applicable channel and decide whether legacy or LAA system is operating or not in the wanted channel. 

However, UE do not mandate the LBT mechanism since the LAA UE is only allowed receiving in the candidate channel. So there is no need for additional requirements to support LAA service.

The Agreed LAA UE required functionality in RAN WG1 as follow

· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
For the AGC setting time, RAN4 can assumed up to 1ms for initial AGC setting time, but the required AGC time is less than 0.3ms (3~4symbols) in stable status.  And minimum required cell identification time in TS 36.133 is less than 800ms to identify the synchronized cell. However, LAA system does not guarantee the periodic eNB transmission.
The problem is that the cell common RS (CRS), DM RS and PSS/SSS could not be sent from eNB when high probability occupation of Wi-Fi system in the channel. Then AGC setting time and synchronization time can be increased compare to legacy LTE system. And also channel estimation performance can be degraded since received RS and synchronization signal are not periodic.
Therefore, RAN WG4 should discuss how to achieve the required performance of AGC and synchronization. And the study results can be reflected on RF/demod/RRM performance.

Proposal 4: In the first phase of LAA, RAN4 should be focused on how to achieve the required performance of AGC and synchronization when eNB cannot guarantee the periodic signal transmission.
5. Conclusions


In this contribution, we show our view for the clarification points in eNB/UE side in LAA SI. The followings are proposals in this paper.
Proposal 1: RAN WG4 should be focused the supplementary DL only scenario in the first phase for LAA. 

Proposal 2: The required regulation should be reflected on 3GPP technical specification.
Proposal 3: RAN WG4 need further study to verify the energy detection level to protect legacy systems/LAA system in 5GHz frequency bands. 

Proposal 4: In the first phase of LAA, RAN4 should be focused on how to achieve the required performance of AGC and synchronization when eNB cannot guarantee the periodic signal transmission.
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