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1 Introduction
In 3GPP RAN1#78bis meeting, some agreements were reached,  which include targeting a single global framework for LAA as mentioned in SI [1], and several identified functionalities.The details are as follows [2],

· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
Note that not all functionalities may have a specification impact, and not all functionalities would be mandatory for all LAA eNBs/UEs. In this contribution, the functionalities and potential solutions to meet the design targets of LAA are further discussed. Preliminary performance evaluation, and more detailed description and analysis of primary PHY layer solutions can be found from other companion contributions [3-9].
2 Discussion on Required Functionalities
One important design target for LAA design is to guarantee LAA coexistence with Wi-Fi and other LAA services on the basis of fairness and friendship. As has been pointed out in the SID [1], LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier. The relevant performance metrics could include data throughput, latency of different services, jitter of latency etc. Different services will have different requirement on these performance metrics. Regarding co-existence with other LAA services, intra-operator deployment and inter-operator deployment should be considered separately.
In addition, radar system has higher priority than either Wi-Fi system or LAA system, so Dynamic Frequency Selection is usually used to avoid interference to radar system. LAA system should also employ a DFS function to avoid interfering with 5 GHz radar systems, as well as uniform spread of traffic load across all available channels.
Besides the co-existence targets, LAA system should aim to boost performance in unlicensed spectrum. Enhancement is needed to reuse the well-designed LTE features to unlicensed spectrum, e.g. scheduling, CSI acquisition, HARQ, CA, etc. In this way, LAA can provide greater aggregation capability, higher spectrum efficiency and superior quality of service for diverse traffics. 

The following as identified functionalities required to meet regulatory requirements in some regions/bands and achieve above design targets for an LAA system:

· Listen before Talk (Clear Channel Assessment): ETSI mandates the usage of LBT mechanism independently of whether the channel is occupied or not. Two kinds of LBT equipment including frame-based and load-based are specified in [11]. No matter what kind of equipment is used, it should detect the energy level for a CCA period (at least 20 us) before using the channel. If the energy level is lower than the threshold level, then the equipment can occupy for a Channel Occupancy Time (COT). The minimum Idle Period shall be at least 5% of the COT used by the equipment. Before starting a transmission or a burst of transmissions on an operating channel, the equipment shall perform a new CCA check. For FBE, CCA is located in the end of the Idle Period.
In some countries and regions, e.g. Europe and Japan require the systems using unlicensed spectrum support LBT function. While in some other areas, such as the United States and China, there is no such mandatory LBT requirement. Therefore, it should be considered that whether LBT functionality support is mandatory for LAA even for countries and regions that don’t require LBT. Two options can be considered: the first one is that both LBT and LBT requirements/parameters are configurable for different regions for LAA, and the other is that LBT is mandatory for LAA, but LBT requirements/parameters are configurable for different regions.
· Discontinuous transmission on a carrier with limited maximum transmission duration: As mentioned above, LBT functionality (and LBT requirements) is region specific. For example, in ETSI specification, the COT of FBE shall be in the range 1 ms to 10 ms. For LBE, the maximum COT shall be less than (13/32) × q ms. The value of q is selected by the manufacturer in the range 4...32. In Japan, the maximum COT shall be less than 4ms. 
Adopting a single unified solution for the LAA maximum COT to meet the most stringent requirement or meet the relaxed requirement is obviously not realistic. Thus irrespective of whether there is LBT requirement or not, the limited maximum transmission duration (i.e. maximum COT) of LAA should be configurable. 
· Dynamic Frequency Selection: LAA system should employ a DFS function to avoid interfering with 5 GHz radar systems, as well as uniformly spread the traffic load across all available channels. DFS should periodically measure the channel for potential interference from radar systems. Measuring the channel is accomplished by stopping transmissions on the network, measuring for potential interference. Whenever radar signals are detected, the LAA service must switch to another channel to avoid interference.
Because LAA AP and UE are in different geographic locations, so the impacts on radar system caused by AP and UE are not completely consistent. Thus UE-assisted measurement for DFS should be considered. Signalling and reporting mechanism between UE and LAA AP should be supported if a new UE measurement for DFS is implemented. In addition, radar detection methods, measurement process and AP/UE configuration should be considered. Besides, DFS of LAA may have a little impact on the LTE specification.
· Carrier Selection: For multi-carriers scenarios, LAA AP can use channel selection (CS) mechanism (e.g. energy detection and carrier sensing) to select one cleanest carrier for LAA services. CS mechanism is especially suitable for sparse deployment scenarios of LAA and Wi-Fi with more available carriers.
In our opinion, both semi-static CS and dynamic CS should be supported. For example, if there are no UEs being served or no data packet being transmitted by the LAA AP, there would be no need to execute dynamic CS. And in a short period of time, it is difficult to scan a large number of unlicensed carriers. In this case, LAA AP may only need a candidate carrier set (e.g. the set includes three carriers or more) by semi-static CS mechanism. If the trigger of using LAA is satisfied (e.g. packet arrival, load balance), LAA AP can perform dynamic CS to select one cleanest carrier for LAA services quickly.
DRS and DRS-based measurement can also be utilized for carrier selection and LAA AP detection in each carrier. Based on the received DRS(s), LAA AP can know the distribution of other LAA AP(s) in the vicinity. According to UE’s DRS-based measurement results feedback and other factors, e.g. traffic load, LAA AP can choose the most suitable carrier for the UE.
· Transmit Power Control: TPC is required to ensure that the transmitters stay within regulatory power limits and avoid interference with other radio services. Beside the regulatory maximum power, the transmitter transmissions may be subject to additional constraints that further reduce the maximum power. European regulations specify a further mitigation requirement of at least 3 dB to reduce interference with satellite services. 
Similar constraints may be applied to LAA AP transmission. TPC is also beneficial for power efficiency. With TPC, the LAA AP can also keep a reasonable coverage, and the LAA AP can have a longer battery life. Nevertheless, 3GPP has not yet determined which band(s) will be used for LAA using LTE. Different available bands have different characteristics, which will cause the uncertainty of whether TPC has impact on LTE specifications.
Proposal 1: The following identified functionalities required to meet regulatory requirements and achieve design targets for LAA can be studied from following aspects:
· Listen before Talk (Clear Channel Assessment)
· Opt.1: Both LBT and LBT requirements/parameters are configurable for different regions
· Opt.2: LBT is mandatory, but LBT requirements/parameters are configurable for different regions
· Discontinuous transmission with limited maximum transmission duration
· Maximum transmission duration (i.e. maximum COT) of LAA should be configurable
· Dynamic Frequency Selection
·  UE-assisted measurement for DFS should be considered
· Carrier Selection
· Both semi-static and dynamic carrier selection should be supported

· Transmission Power Control

· It is uncertain whether TPC has impact on LTE specifications, due to 3GPP has not yet determined which unlicensed band(s) will be used for LAA using LTE
3 PHY Layer Solutions for LAA
3.1 Overall Design
3.1.1 LAA with LBT functionality
LAA equipment design should follow the LBT requirements as mentioned above. Figure 1 illustrates some modification/enhancement examples to current LTE for Rel-13 LAA design with LBT functionality. It should be noted that some of these issues are also applicable to LAA design w/o LBT functionality.
· Phase I: Measurement and Sensing

When a data packet is ready for transmission, LAA will first sense the medium to find an idle carrier by LBT/CCA. The measurement and sensing mainly involves both intra-RAT (LAA and other LAAs) detection and inter-RAT (e.g. LAA and Wi-Fi) detection. Whether the carrier is idle can be judged through the following method: demodulation of the sensing signal; energy detection if the sensing signal cannot be demodulated; or intra-RAT interface to exchange information between LAA nodes. In addition, the measurement and sensing mechanisms also include discovery RS design, sensing RS design, the hidden nodes problem solution, and the definition of new measurement parameters. The coordination of sensing results between LAAs (even LAA and Wi-Fi) of the same operator also needs to be considered.
In particular, cell detection, time/frequency tracking and RRM measurement is necessary in order for LAA AP to configure a SCell in unlicensed spectrum appropriately. The Rel-12 DRS can be considered as a starting point for above purposes. But due to discontinuous transmission on a carrier in unlicensed spectrum, periodic RS may not always have opportunity to be transmitted even for DRS. Short Control Signalling (SCS) specified in [11] can be utilized for DRS transmission without LBT/CCA requirements. However, DRS transmission using SCS should comply with SCS regulatory requirements, i.e. SCS transmission of adaptive equipment shall have a maximum duty cycle of 5% within an observation period of 50 ms.

· Phase II: Competition Mechanism, Fast on/off, or Carrier Selection
· Competition Mechanism: Base on measurement and sensing results in Phase I, if LAA has sensed that the carrier is idle, LAA can transmit the packet immediately or adopt Wi-Fi-like CSMA/CA mechanism to defer transmission. Contention and back-off mechanism are utilized in DCF to avoid several APs send packets simultaneously after they sense the carrier is idle. In addition to Wi-Fi-like mechanism, contention-based access with UE or network assistance can be further discussed. 

· Fast on/off: The maximum COT of an unlicensed carrier is about 10 ms or less. To acquire high spectrum efficiency, it will require that LAA AP configures and turns on an SCell in unlicensed spectrum as fast as possible, preferably subframe level on/off. Fast on/off discussed in Rel-12 can be considered as a starting point. If fast on/off is introduced for LAA, cell detection, time/frequency tracking, RRM measurement, CSI acquisition should be considered. 
· Carrier Selection: For multi-carriers scenarios, LAA AP can use channel selection mechanism (e.g. energy detection and carrier sensing) to select one cleanest carrier for LAA services. CS mechanism is especially suitable for sparse deployment scenarios of LAA and Wi-Fi with more available carriers. Both semi-static CS and dynamic CS should be supported. Details please refer to section 2.
· Phase III: High Efficient Channel Occupancy

In order to achieve high efficient channel occupancy, there are other enhancements and modifications for Rel-13 LAA design with LBT functionality, such as channel occupancy pattern design (should also meet LBT requirements), occupancy/beacon signal design (e.g. to reserve the channel after occupying the channel following LBT), RRM measurement, AGC, synchronization, and fast CSI acquisition. Furthermore, delay caused by scheduling and ACK/NACK feedback should also be considered.

Therein, carrier or channel occupancy pattern related to the frame structure should be considered together with idle period including CCA in Phase I, and competition mechanism in Phase II. AGC, fine synchronization and fast CSI acquisition can be resolved through a few subframes / symbols RS transmission before receiving PDSCH.

· Phase IV: Channel Occupancy Release

If a HARQ process is not finished but channel occupancy time is over and the next COT can’t be acquired timely, we need to consider whether the HARQ can be retransmitted through licensed carrier or other unlicensed carriers. Moreover, coarse synchronization during the carrier idle period may be advantageous.


[image: image1.emf]LAA Design

Measurement and Sense Fast on/off, Carrier Selection, or Competition Mechanism

Channel Occupancy Release High Efficient Channel Occupancy

· Intra-/Inter-RAT system

· Intra-/Inter-operator (Coordination)

· Discovery RS, or Sensing RS

· Hidden nodes

· Measurement

· Frame design

· WiFi-like CSMA/CA (DCF)

· UE-assisted

· Network-assisted

· Fast on/off

· Carrier Selection

· Occupancy pattern 

(DTX, Frame)

· Occupancy signal / Beacon signal

· RRM meas., AGC, sync., 

fast CSI acquisition

· HARQ

· HARQ retransmission

· Maintain coarse sync., RRM meas.

· Etc.


Figure 1: Example modifications/enhancements to current LTE for LAA design with LBT functionality
3.1.2 LAA without LBT functionality
In some countries and regions such as China and the United States, there is no mandatory LBT requirement for the equipment used in unlicensed spectrum. However, LAA services in such areas should still follow the coexistence principle of fairness and friendship. The following mechanisms for LAA design can be utilized to ensure LAA to coexist with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services.
· TDM Mode: The TDM scheme of government regulation is very difficult to implement due to the fact that different systems have different frame structures and there is no unified timing relationship. Besides, LAA can dominate the time allocation of TDM fashion but need to meet the “fair” and “friendly” coexistence principle. Under this premise, time allocation including occupancy time and idle time for each round can be adaptively adjusted according to the statistic traffic and interference.
· FDM Mode: Different unlicensed carriers can be allocated for LAAs, or LAA and Wi-Fi according to FDM fashion. Unlicensed carrier allocation can be coordinated on fair and friendly bases and government regulation, intra-operator, or inter-operator. FDM within the same system can have a smaller frequency division granularity.
· Channel Selection Mechanism: For multi-carriers scenarios, LAA can use channel selection mechanism to select one cleanest carrier for LAA services. Channel selection mechanism is especially suitable for sparse deployment scenarios of LAA and Wi-Fi with more available carriers. Details please refer to section 2.
Some issues and solutions in LAA design without LBT functionality are the same as LAA design with LBT functionality. Therefore, similar issues and solutions can refer to section 3.1.1.
3.1.3 LAA with enhanced LBT functionality
· TDM Mode & LBT functionality: As discussed in section 3.1.2, in TDM we can adjust time allocation consisting of occupancy time and idle time for LAA services according to the statistic traffic, interference, or occupancy time (or times). TDM cycle may be set at about several hundred milliseconds thus ensure the long-term statistic fairness. LBT ensures the fairness of each competition-based access (1ms to 10ms). The trade-off between long-term fairness and each competition-based access should be considered. Besides, we should also consider different competition priority. 
· Channel Selection Mechanism & LBT functionality: Before transmission, channel selection mechanism will choose one cleanest carrier for LAA services.  Channel selection cycle can be set about hundreds of millisecond. If the carrier is no longer clean and a cleaner carrier is found, LAA transmission will be switched to the new carrier.  Between two times of channel scanning and selection, LBT functionality can be utilized to ensure that LAA coexist with other unlicensed spectrum deployments friendly.
Some issues and solutions in LAA design with enhanced LBT functionality are the same as LAA design with LBT functionality. Therefore, similar issues and solutions can refer to section 3.1.1.
Proposal 2: Rel-13 LAA with/without LBT functionality can be studied from the following four dimensions (note that perhaps not all aspects are needed):
· Measurement and Sensing

· Contention-based Access, Fast on/off, Carrier Selection
· High Efficient Channel Occupancy

· Channel Occupancy Release

3.2 Primary Features of PHY Layer
In section 3.1, all potential PHY issues and solutions in LAA design were discussed. Among them, we believe that the following issues should be focused and prioritized, including frame structure design, HARQ, carrier occupancy, measurement, UL enhancements, etc.
3.2.1 Frame structure design
As mentioned in section 2, two kinds of LBT behaviours including Frame Based Equipment (FBE) and Load Based Equipment (LBE) are defined for Europe region [11]. To keep the consistency with LTE on license spectrum, LAA system should reuse the LTE features as many as possible. In LTE, each radio frame is Tf = 10ms long and consists of 20 slots of length Tslot =0.5ms, numbered from 0 to 19. A subframe is defined as two consecutive slots of length Tsf = 1ms. 
If FBE is adopted for LAA, it is a straight forward choice that the Fixed Frame Period of LAA is set to integer multiples of subframe, e.g. half-frame, frame. The Idle Period in Fixed Frame Period should abide the regulatory requirements. For example, if Fixed Frame Period of LAA is set to 10ms i.e. a frame, the Idle Period may occupy seven OFDM symbols or more (at least 6.66 OFDM symbols). 

Unlike for FBE, LBE is not restricted to perform LBT/CCA according to a certain frame structure, i.e. at fixed defined times. LBE may perform LBT/CCA whenever it has data to transmit. The number of LBT subframe is not fixed. Instead it may be dependent on the detection result of (e)CCA. Furthermore, a possible solution to achieve both the merit of FBE and LBE is that multiple CCAs are configured. Details of LAA frame structure design please refer to companion contribution [5].
3.2.2 HARQ
There are four issues related to HARQ process for LAA using LTE, as follows:
· Scheduling and HARQ timing: LAA is designed under the structure of carrier aggregation, so it is straightforward that scheduling and HARQ timing should be following existing CA conclusions.
· HARQ process: In order to guarantee fair co-existence with Wi-Fi and other LAA services, discontinuous time domain transmission on LAA SCell should be supported. Cross-carrier transmission can be considered to alleviating the impact of prolonged retransmission latency caused by discontinuous transmission of LAA SCell.
· Maximum number of HARQ process: Maximum number of HARQ process needs FFS.
· HARQ buffer: If cross-carrier transmission is supported, HARQ buffer for retransmission data storage should be considered.
Details of HARQ related issues please refer to companion contribution [6].
3.2.3 Carrier acquisition
Phase I and Phase II discussed in section 3.1.1 elaborated how a LAA AP with LBT to occupy an unlicensed carrier by LBT/CCA (i.e. measurement and sensing), and/or competition mechanism. Section 3.1.2 described three possible solutions for a LAA AP without LBT to obtain right for using an unlicensed carrier for countries and regions without mandatory LBT requirements. Section 3.1.3 presents several hybrid mechanisms for carrier obtainment. 
In addition, if a LAA AP is accessing the carrier, then other LAA APs in the vicinity should be muted in this carrier. They cannot reuse this carrier at the same time. Under some circumstances, this will reduce frequency reusing factor. Spectrum sharing mechanism based on power control between LAAs can be considered. It can enable neighboring LAA APs reuse the same carrier at the same time. 
Beside, to support spectrum sharing better via coordination especially for inter-operator sharing, some fast coordination mechanism can be considered. A common channel for inter LAA sites interaction can be designed to realize this coordination mechanism. Moreover, the common channel can be utilized to meet the requirements of short control signaling transmission. LAA APs which do not occupy this unlicensed carrier can broadcast information in this common channel.
More details of carrier acquisition can refer to companion contribution [7].
3.2.4 Measurement
As stated in section 2, main functionalities of LAA are identified to meet regulatory requirements and achieve design targets in last RAN1 meeting, including LBT/CCA, discontinuous transmission with limited COT, DFS, TPC and carrier selection. Measurement is the foundation to realize LAA functionalities at least for LBT, DFS and carrier selection. 

Measurement of LAA can be categorized into intra-RAT measurement and inter-RAT measurement. Inter-RAT measurement is usually performed through energy detection of unknown signal. If LAA nodes can identify signals from other system, coherent detection and accordingly measurement can also be carried out. For intra-RAT measurement, Rel-12 DRS-based measurement can be a starting point. Due to discontinuous transmission with limited COT, measurement of LAA can also be categorized to two phases: measurement in non-occupancy duration and measurement in occupancy duration.
More details of measurement related issues please refer to companion contribution [8].
3.2.5 UL enhancements
· Common framework for DL-only and UL/DL

As mentioned in LAA SID [1], LAA operating in unlicensed spectrum is either DL-only or contains UL and DL.  In addition, DL-only should be at a high priority. However, we believe that it is beneficial to consider them together, not independently.
It is considered that the DL-only can only be used for separate downlink data scheduling and transmission and there will be no uplink data scheduling and transmission. However, we believe it does not mean there are only DL time slots (TS) without any UL TS in DL-only mode. Both UL and DL TSs should be configured even in DL-only mode. DL-only is mainly used for separate downlink data scheduling and transmission, meanwhile one or more UL TSs should be reserved for carrier sensing and/or UL SRS transmission.
Based on common characteristics of DL-only mode and UL/DL mode, we could prefer a common framework for the two modes. The characteristics of the common framework include:

· Frame/subframe structure which includes both UL and DL TSs.
· Common framework that can be used to schedule and transmit both downlink and uplink data/RS (may also include UL/DL control channels).
· Even with DL-only mode the system should still have the flexibility to configure necessary UE assisted signal in the uplink at the same time.
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Figure 2: DL-only + UL/ DL common framework
· UL radio access scheme
Based on LTE structure, some new access scheme can be considered for LAA UL. And some possible options for UL radio access scheme based LBT operation can be classified according to who performs carrier sense operation, between eNB and UE. Details of UL enhancements please refer to companion contribution [9].
Proposal 3: The following features and issues of LAA should be focused and prioritized:
· Frame structure design
· HARQ
· Carrier obtainment
· Measurement

· UL enhancements
4 Conclusion 
In this contribution, we discuss the identified functionalities and potential solutions to meet the design targets of LAA, and have the following proposals:
Proposal 1: The following identified functionalities required to meet regulatory requirements and achieve design targets for LAA can be studied from following aspects:
· Listen before Talk (Clear Channel Assessment)
· Opt.1: Both LBT and LBT requirements/parameters are configurable for different regions
· Opt.2: LBT is mandatory, but LBT requirements/parameters are configurable for different regions
· Discontinuous transmission with limited maximum transmission duration

· Maximum transmission duration (i.e. maximum COT) of LAA should be configurable
· Dynamic Frequency Selection
· UE-assisted measurement for DFS should be considered
· Carrier Selection
· Both semi-static and dynamic carrier selection should be supported

· Transmission Power Control

· It is uncertain whether TPC has impact on LTE specifications, due to 3GPP has not yet determined which unlicensed band(s) will be used for LAA using LTE

Proposal 2: Rel-13 LAA with/without LBT functionality can be studied from the following four dimensions (note that perhaps not all aspects are needed):
· Measurement and Sensing

· Contention-based Access, Fast on/off, or Carrier Selection
· High Efficient Channel Occupancy

· Channel Occupancy Release

Proposal 3: The following features and issues of LAA should be focused and prioritized:
· Frame structure design
· HARQ
· Carrier obtainment
· Measurement

· UL enhancements
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