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1 Introduction
In 3GPP RAN#65, a new RAN1 led study item on Licensed-Assisted Access was agreed [1], the object of this SI related to RAN1 work includes:
1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. 

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. 

3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band. 
In this contribution, we discuss the design targets and required functionalities for LAA and present our proposals.
2 LAA Design targets 
One of the most important design targets of LAA system is fair coexistence with other unlicensed spectrum deployments, including radar, Wi-Fi etc. Radar system has higher priority than either Wi-Fi system or LAA system, so DFS (Dynamic Frequency Selection) is usually used to avoid interference to radar system. DFS will be discussed in the section 3.3. In this section, we will discuss the LAA co-existence with Wi-Fi and co-existence between LAA systems.
 As has been pointed out in the SID, 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. As is well known, 802.11 uses carrier sense multiple access/collision avoidance (CSMA/CA) to control access to the transmission medium. Ideally, APs in the same channel are allocated nearly even time to use the channel. Otherwise if the interfering AP is working on the nearby adjacent channel (e.g. the channel number space is 1-3), leakages on the adjacent channel will interfere the target AP. Transmission data rates has to be reduced to keep an acceptable error frame rate. Thus the latency of data transmission is prolonged. Further, interference also causes variability in latency, i.e. jitter. Different services will have different requirement on these performance metrics. Generally speaking, QoS of bulk data transfers depend much more on available capacity than the packet delay; while for voice, which rely on regular delivery of small amounts of data, will be sensitive to latency and jitter.
To be a “good neighbor” to Wi-Fi, LAA should not impact the throughput, latency, jitter of current well-worked Wi-Fi system more than an addition of Wi-Fi AP. For this purpose, LAA and Wi-Fi network must receive equal access to the unlicensed band. Once a LAA node and a Wi-Fi AP are competing for the access to the media, equal transmission opportunity should be obtained for both the LAA node and the Wi-Fi AP. Secondly, LAA nodes and Wi-Fi APs should comply with the same regulatory maximum transmission period. Finally, LAA services and Wi-Fi services should occupy the same percentage of transmission time in a certain statistical time. With these efforts, impact on the latency and jitter of Wi-Fi services will be reduced to acceptable levels.

Regarding co-existence with other LAA service, intra-operator deployment and inter-operator deployment should be considered separately. For intra-operator deployment, existing IC mechanism, i.e. eICIC，SCE on/off, can be enhanced to adapt to the uncertainty of unlicensed carrier. Coordination on unlicensed spectrum is also feasible among LAA nodes either via backhaul or via over-the-air mechanism. Furthermore, the unlicensed carrier or channel can be properly allocated for each LAA nodes to avoid intra-system competition. For inter-operator deployment, multiple-operators could deploy their own LAA services in the same geographic area in the same band. For fair access to unlicensed spectrum, LAA nodes belonging to different operators can compete for the use of unlicensed carrier on a friendly base-. Another way is well-coordination between operators. If possible, operators should reach some mutual agreements on placement and configurations of LAA nodes at first. Additionally, necessary information exchange and efficient coordination is still needed when using the unlicensed spectrum.

Besides the co-existence targets, LAA system should aim to boost its performance on 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. 
Proposal 1:  Design targets of LAA should be focus on fair co-existence and performance improvement. 
3 Required functionalities
3.1 LAA coexistence considerations with or without LBT requirements

One important design target for licensed-assisted access to unlicensed spectrum is to guarantee LAA coexistence with Wi-Fi and other LAA systems on the basis of fairness and friendship. In some countries and regions, the systems using unlicensed spectrum need to abide corresponding regulation requirements. For example, Europe and Japan require the systems using unlicensed spectrum support Listen-Before-Talk (LBT) function. While in some other areas, such as the United States and China, there is no such mandatory LBT requirement. Irrespective of whether there is LBT function requirement or not, we need to ensure that LAA can be able to coexist with existing access technologies (e.g. Wi-Fi) on a fair and friendly bases. Therefore, how to introduce the required functionalities and features for LAA with LBT or without LBT requirements should be considered in Rel-13 to ensure the above coexistence principle of fairness and friendship.

3.1.1 With LBT functionality
· LBT regulatory requirements in ETSI
ETSI mandates the usage of LBT mechanism independently of whether the channel is occupied or not [4]. Both the requirements on frame-based equipment and the requirements on load-based equipment are specified. Figure 1 gives an example of timing for frame-based equipment.
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Figure 1. Example of timing for frame-based equipment

No matter what kind of equipment is used, it should detect the energy level for a CCA period (at least 20 us). If the energy level is lower than threshold level, then the equipment can occupy for a Channel Occupancy Time. For frame-based equipment as shown in Figure 1, the Channel Occupancy Time shall be in the range 1 ms to 10 ms. The minimum Idle Period shall be at least 5% of the Channel Occupancy Time used by the equipment. Towards the end of the Idle Period, the equipment shall perform a new CCA. The CCA energy detection threshold level shall be calculated using the following formula: threshold = -73 (dBm/MHz) + 23 (dBm) – PH (dBm), here PH means different transmit power levels.
·  LAA design with LBT functionality
LAA equipment design should follow the LBT requirements of above countries and regions. Figure 2 illustrates some modifications and enhancements to current LTE for Rel-13 LAA design with LBT functionality.

When a data packet is ready for transmission, LAA will first sense the medium to find an idle carrier. The measurement and sensing mechanism mainly involves both intra-system (LAA and other LAA) detection and inter-system (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-system 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.

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. 

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 for the benefit of synchronization and CSI  (should also meet LBT requirements), occupancy/beacon signal design (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.

If HARQ retransmission is not finished but channel occupancy time is over, we must consider whether the HARQ can be retransmitted through licensed carrier or other unlicensed carriers. Moreover, coarse synchronization during the carrier idle time may be advantageous.
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Figure 2. Example modifications to current LTE for LAA design with LBT functionality
3.1.2 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: 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.
3.1.3 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 millisecond 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.
Proposal 2: RAN1 could enhance current LTE for Rel-13 LAA with LBT functionality from the following aspects
· Measurement and Sensing

· Contention-based Access

· High Efficient Channel Occupancy

· Channel Occupancy Release

Proposal 3: Whether with LBT or not, LAA should be able to coexist with existing access technologies (e.g. Wi-Fi) on fair and friendly bases.
3.2 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. In this section, we provide a detailed technical analysis on these issues and give our proposals on how to proceed with LAA standardization.
3.2.1 Technical requirements on DL-only + UL/DL common framework
· DL-only based mode

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. 
The basic procedure of DL-only (LBT based) is as follows: sensing and finding a clear unlicensed carrier (i.e. CCA), competing with other APs and occupying the carrier, scheduling and transmitting DL data on the carrier. The following issues need to be studied therefore:
How to effectively sense and find a clear unlicensed carrier?

For DL-only mode, if only DL TS exists without any UL TS, network has to rely on UE sensing clear carrier. Considering the feedback delay, network can only get information after 4ms. On the contrary, Wi-Fi AP can be done in less than 1ms. The result is LAA system will be at a disadvantage when competing with Wi-Fi system. Especially in high load scenarios, LAA can't even get chance to use an unlicensed carrier. To solve the issue, there are three kinds of candidates.
· Opt1: A LAA cell uses an unlicensed carrier without LBT.
· Opt2: Reserving UL TS(s) for carrier sensing in DL-only mode. eNB can sense and find a clear carrier, and occupy it immediately.

· Opt3: Reserving UL TS(s) for carrier sensing in DL-only mode. UE can sense and find a clear carrier, and send a UL signal on the carrier immediately to prevent others re-occupy it.

Obviously, the opt1 is not suitable for the region requiring LBT and the latter two need to reserve one or more UL TS(s). 

Furthermore, the time domain granularity of LTE scheduling is subframe, half-frame or frame (i.e. subframe for PDSCH, half-frame for PSS/SSS and frame for PBCH.). To better adapt to the structures, the UL TSs can be configured in the beginning of a subframe, a half-frame or a frame. Then, after sensing and finding a clear unlicensed carrier, eNB can continuously occupy the carrier immediately for one or more subframe(s), half-frame(s) or frame(s). For example, the UL TSs for sensing can be configured in the OFDM symbols of legacy PDCCH domain.
How to effectively acquire DL CSI?

There are two ways for DL CSI measurement. One way is that UE measure DL RS and feedback to eNB. Another way is eNB measure UL SRS to get DL CSI based on channel reciprocity. The first way will introduce 4ms delay so the eNB can’t use the DL CSI during this 4ms interval. Therefore, proper scheme need to be designed to reduce or even eliminate the time delay.

In addition, Wi-Fi has supported the feature of getting DL CSI based on channel reciprocity. To obtain a comparable performance, LAA using DL-only may also support this feature. It means that one or more UL TSs need to be configured to send UL SRS on it for getting DL CSI based on channel reciprocity.

Based on the above analysis, we can conclude that 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.
Note, the addition of UL signal of LAA would not exacerbate the coexistence problem. Even if we limit UL signal of LAA, the coexistence problem caused by the exiting UL signals of Wi-Fi still exists.

· UL and DL mode

The UL and DL mode needs to have at least the following features.
(1) Both UL and DL TSs should be configured.

(2) It can be used to schedule and transmit both downlink and uplink data/RS (may also include UL/DL control channels).

Obviously, the main difference with DL-only is that the UL/DL mode can be used to schedule and transmit uplink data.
· DL-only + UL/ DL common framework
Based on the above common characteristics of the two modes, we should design a common framework for DL-only + UL/ DL. The characteristics of the common framework include
(1) Frame/subframe structure which includes both UL and DL TSs;

(2) Common framework that can be used to schedule and transmit both downlink and uplink data/RS (may also include UL/DL control channels).
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 (3) Even when configured/scheduled with DL-only the system should also have the flexibility to support necessary assistant signal in the uplink at the same time.
Figure 3 DL-only + UL/ DL common framework
3.2.2 Standardization requirement for the common framework
The time budget for LAA standardization is very limited. To reduce the standardization effort and complete in time, a common framework that can accommodate both DL only and UL/DL should be studied first. Therefore, the standardization effort can have two phases:
The first priority (same as DL features):

- A frame/subframe including UL TS.

- Flexibility to configure/schedule to send the necessary assistant UL signal for DL data scheduling/transmitting.

- Ensure the solutions of the common framework will not limit the introduction of the both UL and DL mode.
The second priority

- UL channel design.

- Procedure of UL data scheduling/transmitting.

Proposal 4: Targeting a common framework for DL only and UL/DL design in Rel-13.
3.3 Other functionalities
· Transmit Power Control (TPC)
Transmit power control(TPC) should be required to ensure that 5 GHz LAA transmitters stay within regulatory power limits and avoid interference with other radio services. Beside the regulatory maximum power, LAA 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. Very likely, similar constraint may be applied to LAA. TPC is also beneficial for power efficiency. With TPC, the LAA eNodeB can also keep a reasonable coverage, and the LAA equipment can have a longer battery life. 
· Dynamic Frequency Selection (DFS)

In addition to the requirement for transmit power control, 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.
· UE Capability & eNodeB Functionality

To keep the consistency with LTE on license spectrum, LAA system should reuse the LTE feature as many as possible, e.g. channel structure, signalling design. However, necessary change might be needed at both UE side and eNB side
First, LAA UE and eNB should support the RF operation on unlicensed spectrum, possibly a new RF chain on 5GHz. Besides, as LAA will operate in CA manner, UE should support the carrier aggregation on these carrier frequencies. As well known, 802.11ac will mandatory use 20/40/80MHz bandwidth, and optionally use channels up to 160 MHz. Current LTE CA mechanism on licensed spectrum support up to 5CC aggregation, each of 20MHz. As at least one licensed CC should be used, at most 4 unlicensed CCs can be aggregated, and the maximum channel bandwidth in unlicensed band is 80MHz, which is comparable to the maximum mandatory bandwidth of Wi-Fi. However, if LAA try to match the optional 160MHz bandwidth of Wi-Fi, greater aggregation level and wider channel bandwidth will be needed. Actually, the 3bits CCID of LTE can support up to 8 CCs, each of 20MHz, it’s not difficult for the LAA to support a 160MHz bandwidth. At the last, whether LAA should support up to 160MHz bandwidth will depend on the evaluation.
Another issue we should pay attention is the scheduling latency of LTE. In regular LTE operation, latency exists between the scheduling the actual data transmission. There might be a situation that the unlicensed carrier is released during this time interval. Therefore, LAA must introduce proper method to deal with the problem. The case for HARQ will be more complicated. If the original unlicensed carrier becomes unavailable when re-transmission is scheduled, LAA nodes should try to find a new carrier for the re-transmission. Then the HARQ buffer and the HARQ timing should be handled carefully.
4 Conclusion 
In this contribution, we discuss the design targets and required functionalities for LAA, and have the following proposal:
Proposal 1:  Design targets of LAA should be focus on fair co-existence and performance improvement. 
Proposal 2: RAN1 could enhance current LTE for Rel-13 LAA with LBT functionality from the following aspects
· Measurement and Sensing

· Contention-based Access

· High Efficient Channel Occupancy

· Channel Occupancy Release

Proposal 3: Whether with LBT or not, LAA should be able to coexist with existing access technologies (e.g. Wi-Fi) on fair and friendly bases.
Proposal 4: Targeting a common framework for DL only and UL/DL design in Rel-13.
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