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1. Introduction & Background
In RAN#65, a new Study Item “Study on Licensed-Assisted Access using LTE” was approved [1], which aims to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. According to [1], the objectives of this SI include:
· 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 RAN1#78bis meeting, extensive discussions on functionalities were performed, and the following conclusions were drawn [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
LAA should be carefully designed to fulfill the agreed functionalities. In this contribution, we share ours views on the possible PHY layer solutions for licensed-Assistant Access using LTE, especially for DL transmission without UL in unlicensed spectrum. 
2. Basic Design Principles

It is noted that the operators deployed WiFi and LAA should be equally treated in order to fairly run business in the market. We envision following aspects to be considered:

· Ensure fair coexistence between different LAA operators and between LAA and WiFi in the same band
· Unified design to fulfill the global regulatory requirements
· Simplify the design of LAA system and reuse the licensed LTE design as much as possible
· For LAA-WiFi deployment
· LAA should be a “polite” neighbor. Coexistence mechanisms need to be introduced in LAA system. Moreover, the design of LAA should ensure the data off-loading performance and maximize the spectral efficiency of unlicensed spectrum.
· For LAA-LAA deployment,

· Minimize co-channel interference brought by LAA

· In other words, the co-channel interference brought by LAA should no more severe than that brought by WiFi
To sum up, LAA should well designed to be a good neighbor for other unlicensed technologies like WiFi which is already well deployed in the unlicensed band. In our understanding, “the interference brought by LAA deployment should no more severe than that brought by WiFi” should be guaranteed by sufficient performance evaluation in this SI, in order to ensure a smooth deployment of LAA technique.
3. Possible PHY layer aspects for LAA

According to the above design principles, some possible PHY layer solutions are discussed as following :
3.1. Coexistence Mechanism

The unlicensed spectrum may be shared by more than one LTE operator, as well as other unlicensed spectrum deployments including WiFi. To ensure fair coexistence between LAA and WiFi and between LAA nodes, minimize interference and maximize the spectral efficiency, coexistence mechanisms (e.g. LBT, channel selection, etc) play a very important role in LAA deployment. 
· Listen Before Talk
In some regions e.g. Europe and Japan, the specific co-channel requirement referred to as “Listen Before Talk (LBT)” is mandated by regulations. Before starting transmissions on the unlicensed channel, equipment is required to perform a Clear Channel Assessment (CCA) check using energy detection within a predefined time. 
For example, Frame based equipment (FBE) and Load based equipment (LBE) is defined for LBT requriements in Europe. The frame based equipment has a fixed frame structure, while the load based equipment does not. Figure1 and figure2 shows FBE and LBE, respectively.
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Figure1.
Frame Based Equipment
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Figure2.
 Load Based Equipment
In FBE, channel access is performed once every fixed frame period. If the channel is not available, the transmitter will have to wait for the entire period before the next channel access opportunity. It means less opportunity for equipment to access available channels and large transmission latency.

In LBE, an eNB performs a clear channel assessment once to obtain channel access. If the channel is not available, the eNB performs an Extended CCA which is similar to the WiFi random access protocol without an exponential increasing window size. In this case, the delay in channel access is minimized as channel can be accessed continuously compared to FBE.

To sum up, compared to FBE, an eNB using LBE has more opportunities to perform channel access, and the latency caused by CCA can be minimized. However, LBE does not ssume a fixed frame structure while LTE system does. If LBE is introduced in LAA system, modification of  existing LBE mechanism is necessary.
A modified LBE structure with fixed frame structure and extended CCA as Figure3 shows could be considered as a solution to LBT. As Figure3 illustrates, the main feature of the modified LBE structure is that it exploits the fixed structure of FBE and extended CCA of LBE. Fixed frame structure is suitable for systems like LTE which has a predefined frame structure, while extended CCA ensures more channel accessing opportunities.
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Figure3.
 Modified Load Based Equipment
Proposal 1: A modified LBE mechanism with fixed frame structure and extended CCA can be a candidate solution for LAA design and Re-use the 1ms subframe structure of licensed LTE.

In addition, considering the existing carrier aggregation design, the subframe boundary shall be aligned between PCell and SCell. When an eNB uses extended CCA mechanism to perform channel access, even if the channel is available, the eNB could not perform a transmission until the subframe boundary, because the transmission is synchronized between PCell and SCell. Therefore, a specific approach should be studied in order to know how to occupy the channel using the extra CCA time once the channel is sensed available. It can be possibly with data transmission in order to increase transmission efficiency.
Proposal 2: A specific approach should be studied to improve the special efficiency decreased by extended CCA mechanism.
· Channel Selection

Generally speaking, a good channel selection mechanism would try to select a channel that does not have any other nearby LAA/WiFi nodes if that is available, i.e., clean channel; If no clean channel is available, then  it should select a good channel, e.g., minimum interference from other aggressor and etc. 
Most of the currently channel selection mechanisms are based on energy detection. Consider a scenario in which an LAA eNB has no data transmission during the detection window but it will transmit data soon. Based on energy detection, this carrier would be marked as available and then other LAA or WiFi nodes would occupy this carrier and start to transmit data. Once the former eNB start transmitting data, severe co-channel interference will occur.
To improve the sensitivity of channel selection, an enhanced channel selection mechanism based on signal detection is considered. The LAA eNB may perform RS-based LAA-LAA signal detection mechanism in the following manner:

· Perform energy detection on the unlicensed carrier list where the LAA is deployed

· Identify one or more carrier(s) where the signal energy is under a predefined threshold
· Perform RS-based (e.g. PSS/SSS) LAA-LAA signal detection on the candidate carrier(s)

· Identify a list of clean channels in terms of least detected RS (e.g. PSS/SSS) for eNB to select
Proposal 3: An enhanced channel selection mechanism based on energy detection and signal detection, e.g., RS-based LAA-LAA signal detection mechanism, should be considered and evaluated during study stage.

Carrier selection could allow different cells/nodes to use different channels if available, but it is inevitable in some scenarios that multiple cells/nodes need to share the same unlicensed carrier. For the co-channel coexistence, the hidden node problem as Figure4 shows is  one of main challenge to solve.
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Figure4.
 Example of hidden node issue
From Figure4 we can see that, Node A and Node B are hidden nodes to each other. When Node A sends a packet to Node C, Node B cannot sense the transmission because B is out of sensing range of A. In this case, Node B may start data transmission to Node C at the same time, which causes interference to the transmission from A to C. 
UE-assisted channel selection mechanism might be a potential solution to solve this problem as Figure5 illustrates. The key point of this method is that the UE reports its channel measurements or broadcasts a message like CTS to its serving eNB for interference avoidance. Based on this, the eNB may select a different carrier for scheduling or suspend the transmission. CSI reporting could be taken as the starting point. In case CSI is considered insufficient, additional L1 feedback or new message like CTS could be introduced. 
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Figure5.
UE-assisted channel selection mechanism
Proposal 4: UE-assisted mechanism can be a candidate solution for solving hidden node issue for co-channel case.
3.2. Cross Carrier Scheduling

Due to shared usage of the unlicensed spectrum among multiple LAA and WiFi nodes, the robustness (i.e. timing constraint, bit error rate etc.) for various LTE control signals may not satisfied. The DL control signalling, i.e., PDCCH, could be either sent together with PDSCH transmission on the unlicensed spectrum, or sent on the licensed carrier using cross-carrier scheduling. Generally speaking, PDCCH on a licensed carrier is more reliable, and PDCCH does not have a mechanism like HARQ to ensure its robustness. In this sense, the best way to utilize the LAA unlicensed carrier is to use it for DL user plane data transmission. All the control signalling is delivered over the licensed carrier including PDCCH. To this end, we propose that the scheduling of DL transmission on unlicensed LAA carrier should be performed using cross-carrier scheduling from licensed PCell. For the same operator, synchronizations among PCell and LAA supplemental carriers can be assumed to be in accordance with the current CA requirements.
Proposal 5: SCell (E)PDCCH transmitted on the licensed carrier only is beneficial and cross-carrier scheduling from PCell to SCell should be considered to schedule SCell PDSCH/PUSCH.
3.3. Reference Signals
To simplify the design of LAA, we prefer to reuse the licensed LTE design of reference signal as much as possible. From LAA operation point of view, we see that some functions need to be supported, such as cell search, synchronous tracking, RRM, IRM, CQI reporting, demodulation and so on. Given that the regulatory framework prevents continuous transmission on unlicensed carries at least in some regions, we see that DRS type of transmission would be the naturals starting point for enabling cell search and RRM measurement in LAA. In R12, DRS is standardized as a signal set, which is composed by PSS/SSS, discontinuous CRS and configured CSI-RS. Cell search could be done by PSS/SSS, and synchronous tracking might be done by discontinuous CRS, and RRM/IRM/CQI could be done by configured CSI-RS, and demodulation could be done by DMRS.
Proposal 6: Re-using the currently design of DRS as a starting point.

Proposal 7: CRS would be no longer reserved for data transmission.

· Only discontinuous CRS in DRS will be reserved;

Proposal 8: Considering the interference WiFi may suffer from LAA DRS, new DRS pattern/period could be considered.

3.4. Control Signals
As discussed in [3], a standalone access to unlicensed spectrum should be precluded, because the competition-based nature of unlicensed spectrum cannot fulfill the need of cellular communications, i.e., degraded user experience is expected if a standalone access to unlicensed spectrum is allowed. Only if there is a licensed carrier to assist the unlicensed carrier, user experience can be guaranteed. In addition, considering the motivation of LAA SI, which is to provide a best-effort data service to help addressing the traffic explosion, the standalone access should not be allowed. From this point of view, we propose:

Proposal 9: Unlicensed carrier cannot be configured as PCell.
Proposal 10: Broadcasting of certain system information (e.g. MIB, SIB, paging) on unlicensed carrier is not necessary.

3.5. Enhanced HARQ
The introduction of LBT mechanism may have an impact on the HARQ performance of LAA. For example, the CCA is performed when the retransmission should start according to the currently HARQ timing. For busy unlicensed channels, the HARQ interruption can happen frequently due to the prolonged channel sensing time, which could seriously impact HARQ performance. In that case, one possible solution is that the eNB gives up the HARQ retransmission on this unlicensed carrier, and schedules these packets starting from RV0 on other available carriers. This will cause large retransmission latency for SCell.
In addition, in the existing CA framework, HARQ process is defined per component carrier such that retransmissions can only occur at the same carrier as the initial transmission. However, according to the above analysis, in LAA scenarios, the availability of transmission opportunity on unlicensed carrier cannot always be ensured due to the coexistence mechanism. Therefore it is necessary to take cross-carrier HARQ process into account to allow retransmission happening in other carrier than the one where the initial transmission occurs.
Proposal 11: Enhanced HARQ mechanism should be considered, e.g. SCell HARQ retransmission on a PCell or a SCell different from initial transmission may be considered.
4. Conclusion
In this contribution, we discusses the potential solutions for LAA, especially for DL transmission without UL in unlicensed spectrum. Our proposals are as follows:

Proposal 1: A modified LBE mechanism with fixed frame structure and extended CCA can be a candidate solution for LAA design and Re-use the 1ms subframe structure of licensed LTE.

Proposal 2: A specific approach should be studied to improve the special efficiency decreased by extended CCA mechanism.
Proposal 3: An enhanced channel selection mechanism based on energy detection and signal detection, e.g., RS-based LAA-LAA signal detection mechanism, should be considered and evaluated during study stage.

Proposal 4: UE-assisted mechanism can be a candidate solution for solving hidden node issue for co-channel case.
Proposal 5: SCell (E)PDCCH transmitted on the licensed carrier only is beneficial and cross-carrier scheduling from PCell to SCell should be considered to schedule SCell PDSCH/PUSCH.
Proposal 6: Re-using the currently design of DRS as a starting point.

Proposal 7: CRS would be no longer reserved for data transmission.

· Only discontinuous CRS in DRS will be reserved;

Proposal 8: Considering the interference WiFi may suffer from LAA DRS, new DRS pattern/period could be introduced.

Proposal 9: Unlicensed carrier cannot be configured as PCell.

Proposal 10: Broadcasting of certain system information (e.g. MIB, SIB, paging) on unlicensed carrier is not necessary.

Proposal 11: Enhanced HARQ mechanism should be considered, e.g. SCell HARQ retransmission on a PCell or a SCell different from initial transmission may be considered.
References
[1] 3GPP, RP-141646, Ericsson, Qualcomm, Huawei, Alcatel-Lucent,” Study on Licensed-Assisted Access using LTE”.
[2] Chairman’s notes RAN1 #78bis;
[3] 3GPP, R1-144941, CMCC, “Transmission of control signalling in unlicensed band”[image: image6.png]


[image: image7.jpg]



1/6

_1476732856.vsd
C
C
A


Data Transmission


C
C
A


C
C
A


C
C
A


Extended CCA


C
C
A


C
C
A


Data Transmission



_1476740295.vsd
�


_1476861883.vsd

_1476738241.vsd
C
C
A


Data Transmission


Data Transmission


Idle


Fixed Frame Period
(M Subframes)


C
C
A


Extended CCA


C
C
A


C
C
A


C
C
A


C
C
A


C
C
A


C
C
A


Extended CCA
(N CCAs)


C
C
A


C
C
A


C
C
A


C
C
A



_1476732564.vsd
Data Transmission


C
C
A


Idle


C
C
A


Fixed Frame Period


Channel Occupied Period



