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[bookmark: _Ref301342314]Introduction
With the increasing traffic demand in the wireless communication system, additional frequencies are needed to keep providing better QoS. The use of unlicensed spectrum by cellular operators is one of the options available to provide wireless services. In RAN#65, a new Study Item on Licensed-Assisted Access (LAA) using LTE was approved [1]. 
According to [1], a study is required to determine a single global solution which enhances LTE to enable LAA to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. Due to the limitation of Rel-13 time frame, studies of unlicensed spectrum must follow the following guidelines and assumptions:
· Determine a single global solution framework for LAA to unlicensed spectrum. 
· Dual Connectivity is not included in this SI. 
· A standalone access to unlicensed spectrum is not part of the study.
· Focus on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie., based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL.
· In LTE Carrier Aggregation, UEs are not supposed to receive the broadcast system information on the Scell. 
· Reuse the features and functionality of existing LTE design as much as possible.
In this contribution, we discuss design targets and required functionalities of LAA using existing LTE design.

Design targets
High-level design of LTE Physical Layer
A straight forward way to enable LAA to unlicensed spectrum is reusing the current LTE Physical Layer with extension and modifications to adapt various regulations in different countries or regions. Assuming this approach can keep the standardization effort to the minimum; however, RAN1 must ensure coexistence with the other already deployed unlicensed spectrum based technologies such as Wi-Fi. Another approach is to create a totally new LTE Physical Layer design (i.e., Further LTE Physical Layer Enhancements for unlicensed spectrum) with reusing the existing features as much as possible. This approach has a much better chance to get an effective LTE Physical Layer achieving a good harmonization with other unlicensed spectrum deployments. On the other hand, it may lose advantages of centrally-controlled system and may perform much worse than licensed LTE systems. Additionally, a brand new physical layer design could be very difficult to complete within Rel-13 time-frame. Therefore, we propose a LTE Physical Layer for unlicensed spectrum should be reused the existing LTE Rel-12 design with extension to adapt regulations.

A single global solution framework
According to [1], RAN WG is requested to determine a single global solution for LAA. Therefore, one unified LAA solution which can be met the regulations for each country or region should be studied. Since the regulations of unlicensed spectrum are different in each country or region, it is required to design a system using the most stringent countries’ and regions’ regulations. As summarized in [2], e.g., Dynamic Frequency Selection (DFS), Transmit Power Control (TPC), Listen-Before-Talk (LBT) and burst transmission schemes must be considered to be incorporated to the existing physical layer design which enables LAA feature. FFS if the above features are mandatory for LAA operation regardless the regulatory requirements. 

Coexistence with other unlicensed spectrum deployments
As described in [1], RAN1 and RAN4 are requested to define the design targets for coexistence with other unlicensed spectrum deployments. For the fair coexistence with Wi-Fi, LAA should not impact Wi-Fi services. The fair coexistence between different LAA operators and between LAA and other technologies in the same band are also the design target.

Necessary enhancements
In this section we discuss the necessary enhancements to achieve the above design targets from the perspective of regulations, coexistence with Wi-Fi, coexistence with other LAA services and Radio access.

1. Regulation
As we described in section 2, DFS, TPC, LBT and Burst transmission will be required in some countries or regions for using unlicensed spectrums. Almost all countries have requirements related to DFS and TPC for some bands. Since these features are not supported in the existing releases we should introduce them to meet the above requirements. In addition, LBT and Burst transmission are required in Europe and Japan, which should be introduced as well.

2. Coexistence with Wi-Fi
Comportment Carrier (CC) bandwidth in unlicensed spectrum
5 GHz spectrum is divided per 20 MHz bandwidth for use in Wi-Fi. We think CC in unlicensed spectrum should be aligned with this bandwidth for better coexistence. The maximum number of aggregated CC should be 5 regardless the CC is in licensed spectrum or unlicensed spectrum. It means up to 4 CCs in unlicensed spectrum should be aggregated at same time if needed.

Resource occupancy in unlicensed spectrum
For achieving effective coexistence with Wi-Fi, Unlicensed spectrum should be used on an “on demand” basis. It is preferable situation if LTE uses minimum resources on the unlicensed spectrum. This will help in obtaining fairness in sharing the spectrum with other technologies. (See the left figure of “Figure 1”) Therefore, a minimum resource occupancy rule for unlicensed spectrum should be specified. In addition intentional gaps can be created between LTE transmissions burst so that other technologies such as Wi-Fi have opportunities for their transmissions.
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Figure 1: Resource occupancy

3. Coexistence with other LAA services
PCI (Physical Cell ID) collision avoidance between different operators in unlicensed spectrum
Same PCI should not be allocated to neighbor cell. Within an operator’s network, it can be achieved by cell planning or SON function. PCI collisions should be expected as the number of cells increases. 

Same CC sharing by more than one LAA services
There is a situation that one CC is shared by more than one LAA service. In that case a tight coordination is preferable between the two LAA services. Both time-domain and frequency-domain based resource allocation can be considered. Regarding the time domain resource sharing, periodic resource sharing or burst resource sharing should be considered.

4. Radio access 
Synchronization between UE and Cell in unlicensed spectrum
If unlicensed spectrum is used on an “on demand” basis, it’s reasonable to reuse DRS for synchronization.

Multi-Antenna transmission support and related feedbacks in unlicensed spectrum
For achieving maximum throughput, MIMO should be supported in unlicensed spectrum band. We also believe beamforming based technologies can be effective by not causing unnecessary interference in unlicensed spectrum. To implement multi-antenna transmission technologies in unlicensed spectrum CSI information feedback should be considered.

HARQ protocols
HARQ ACK/NACK transmission and corresponding retransmission should be modified if LTE Burst is applied. If unlicensed spectrum is used as UL transmission, it should be discussed if synchronous HARQ design can continue to be applied.

Scheduling and necessary feedbacks
Dynamic scheduling should be supported in unlicensed spectrum as same as in licensed spectrum. Both self-scheduling and cross carrier scheduling should be supported. If unlicensed spectrum is used on an “on demand” basis, some enhancement is needed for eNodeB to acquire necessary feedbacks from UE. Further study is needed if the existing PDCCH design is robust enough or not.

Required functionalities
In this section, we discuss about required functionalities corresponding to potential issues described in section 3. Since high priority should be on the completion of the DL only scenario [1], we split the required functionalities for LAA between DL only (Table 1) and UL specific (Table 2).

Table 1: Required functionalities for LAA (DL only)
	Functionality
	Description

	Regulation

	DFS
	Although DFS is a mandatory function for many countries or regions for unlicensed spectrum usage, thresholds for DFS requirements are not the same for each case.


	LBT (eNodeB)
	LBT is needed to meet regulations in Europe and Japan. As same as DFS, thresholds for LBT requirements are not the same. If eNodeB detect higher interference than the threshold during LBT, the eNodeB may suspend the subsequent transmissions. A study is needed if gap for LBT should be created to keep the current structure or a new LTE Physical Layer is introduced. (An example of latter alternative is shown in Figure 2.)


	LBT (UE)
	Similar to LBT (eNodeB). The LBT threshold values must be configurable by the network or the UE learns and adapts itself. 


	TPC 
	A study is needed if any function should be standardized.


	LTE Burst length 
(Channel Occupancy time /
Max Burst Length)
	This is needed to meet regulations in Europe and Japan. For achieving gap for LBT, LTE should be enhanced to support burst transmission. The Channel Occupancy time / Max Burst Length should be introduced. Note this is also helpful in coexistence with the Wi-Fi systems regardless the regulatory requirements.


	Coexistence with Wi-Fi

	Resource occupancy rule in a CC 
	A study is needed if the ON/OFF duty cycle should be specified for LAA to achieve effective coexistence with Wi-Fi.


	Resource occupancy rule in a LTE Burst
	A study is needed to understand if the minimum resource occupancy rule for a LTE Burst must be specified resulting in fair coexistence with Wi-Fi. E.g., if traffic is less than the minimum resource occupancy, unlicensed spectrum usage is not permitted by LTE.


	Coexistence with other LAA services

	PCI (Physical Cell ID) collision avoidance mechanism
	Either UE assisted or eNodeB based PCI collision avoidance mechanism should be introduced.


	LTE Beacon (Broadcast channel) transmission
	A study is needed if unlicensed spectrum usage information should be broadcasted for other operators. If DRS will be used for Synchronization in unlicensed spectrum, LTE Beacon can be transmitted along with the DRS. (see Figure 3)


	Resource allocation rule
	A study is needed if resource allocations rule should be standardized for tight coordination when same CC sharing by more than one LAA services.


	Radio access

	Synchronization
	Reusing DRS as baseline. A study is needed for eNodeB behavior if LBT is applied and if eNodeB detects higher interference than the threshold.


	Multi-antenna Transmission support and necessity feedbacks
	A study is needed which transmission modes are supported in unlicensed spectrum and what feedbacks from the UE are needed for “on demand” unlicensed spectrum is to be used. 


	HARQ protocols
	A study is needed for HARQ design especially when unlicensed spectrum is used on an “on demand” basis.


	Scheduling and necessary feedbacks
	A study is needed how eNodeB acquire necessary feedbacks for dynamic scheduling from UE if unlicensed spectrum is used on an “on demand” basis.


	Hopping
	[bookmark: _GoBack]In addition to support frequency hopping in the exiting specification, further study is needed if inter-CC hopping is an effective technique for unlicensed band operation.
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Figure 2: An example of new LTE Physical Layer for unlicensed spectrum
(Gap Duration could be configurable e.g., 1 or 2 OFDM symbols)
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Figure 3: An example of LTE Beacon transmission 

Table 2: Required functionalities for LAA (UL specific)
	Functionality
	Description

	Radio access

	UL transmission Timing adjustment
	A study is needed if PRACH is introduced in unlicensed spectrum band.


	UL transmission power control
	A study is needed if it’s enough to reuse the existing UL TPC mechanism. 


	UL sounding 
	Note there is no need to consider UL sounding if frequency domain dynamic scheduling is not supported in unlicensed spectrum.




Conclusions
In this contribution we have discussed the design targets and required functionalities to enhance existing LTE design to support LAA operation for the unlicensed spectrum while coexisting with other technologies, including fairness with respect to Wi-Fi and other LAA services. 
Proposal:
 Our view is shown in Table 1 and Table 2 in section 4.
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