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Introduction
In RAN#65 plenary meeting, the study item “Study on Licensed-Assisted Access using LTE” was approved [1]. The SID includes the following objectives:

“This feasibility study will evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum.”
 “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. [RAN1, RAN4].”
“Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2].”
As can be seen, it is necessary to develop a single global LAA solution that ensures robust coexistence with incumbent technologies in unlicensed bands. This contribution proposes such a robust coexistence solution for LAA, with the focus on DL transmission in unlicensed bands. 

The targets for the development of this solution are the following:
· Support LAA DL with strong reuse and commonality with LTE.
· Limit LTE enhancements to requirements for unlicensed operation and robust coexistence.
· Meet government regulations globally on transmissions in unlicensed bands.
· Ensure robust coexistence with widely-deployed voice, video and data services in unlicensed bands including WLAN.
· Not incur more packet delay/jitter/loss and throughput impact to existing services than a comparable incumbent system in the same unlicensed band.
· Exhibit equal level of fairness in channel-access contention as a comparable incumbent system.
· Support channelization commonly used in unlicensed bands.
In the rest of this contribution, the proposed solution is first described, followed by the presentation of some preliminary simulation results that support the solution. Then a specific set of proposed requirements are provided, along with the conclusions.  
2
Solution Description
Robust coexistence between LAA and incumbent technologies in unlicensed bands is a direct goal for LAA standards development, not merely a desirable feature. As such, it should be addressed directly by commonly-adopted mechanisms that have been established to govern the device behaviours in unlicensed bands worldwide today. 
This contribution describes a LAA solution that incorporates such coexistence mechanisms. The solution provides fair channel sharing between LAA and WLAN (the dominating and growing technology in unlicensed bands globally) and produces high aggregate LAA/WLAN system capacity. 
The focus of the current contribution is on LAA DL transmission without LAA UL transmission. Even though the proposed solution can be extended to cover UL transmission in the future, much more issues need to be resolved for UL in general.
2.1. DL Transmission Procedures

All coexistence functions for DL transmission are implemented in the eNB. There are no mandatory LBT/CCA or channel reservation functions in the UE for DL LAA.
eNB Procedure

Whenever DL data is ready for transmission (to one UE or multiple UE’s), the eNB calculates a DL TX Window size in units of LAA timeslots (i.e. N x 0.5ms).   DL transmissions will start on a 1ms subframe boundary synchronous with the associated licensed carrier but may stop on any 0.5ms timeslot boundary within an acceptable range to achieve good bandwidth efficiency.  Support for the first single timeslot in the last subframe is briefly discussed later in the contribution, and its details are FFS.  The window size represents the next transmission duration. It shall meet the regulations and be compatible with the transmit opportunities currently adopted for unlicensed bands.
The eNB then performs CCA, including associated PHY measurements, Energy Detection (ED), as well as Carrier Sense (CS) based on reservation frame/preamble detection. The ED threshold and reservation frame/preamble detection threshold are FFS.
Following the successful completion of CCA, the eNB starts Channel Reservation, which consists of reservation frame and preamble transmissions. This procedure holds the channel until the end of the DL TX Window.
The eNB then transmits LAA DL data at the start of the DL TX Window.
UE Procedure

The UE receives the DL data as scheduled by the eNB via cross-carrier scheduling or unlicensed-carrier scheduling.
No CCA or Channel Reservation is performed by the UE. RX only functionality is required for the UE in unlicensed bands. However, the UE receiver can optionally exploit the reservation frame and preamble detection for PHY performance enhancement.
DL Transmission Scenarios
There are two potential scenarios for DL transmission.

Scenario 1: Channel is busy when CCA starts with pending DL data, as shown in Figure 1. In this case, CCA consists of an Initial Defer followed by a Random Backoff. Reservation frame and preamble transmissions for Channel Reservation are sent after CCA and before DL data transmission. 
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Figure 1: DL Transmission Scenario 1

Scenario 2: Channel has been idle for more than a Defer Threshold when CCA starts with pending DL data, as shown in Figure 2. In this case, CCA is completed immediately. Reservation frame and preamble transmissions for Channel Reservation are sent after CCA and before DL data transmission.
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Figure 2: DL Transmission Scenario 2
2.2. Clear Channel Assessment

The eNB carries out physical CCA by detecting the overall signal energy level contributed from all sources and by detecting the PHY preambles (including a Length field) of transmissions on the channel. In addition, it can complement physical CCA with logical CCA based on the decoding of the Duration field in the reservation frame (ref. Section 2.3). 

For any given detection interval, the channel is declared busy by physical CCA if the channel is determined busy according to either energy detection or preamble detection (for the duration of a Length field in the preamble). The channel is declared busy by logical CCA if the detection interval is within the period as specified by the Duration field in the reservation frame. If both physical and logical CCA mechanisms are employed by the eNB, the channel is declared busy for any given detection interval with either of the two mechanisms determining that the channel is busy.

3GPP should parameterize threshold levels (or range of threshold levels) for both energy detection and presumable detection and analyse their performance impacts. Suitable threshold levels should be chosen based on coexisting systems performance and implementation considerations to meet those thresholds. As an example, 802.11ac specifies different maximum thresholds (for example -62dBm and -72dBm for 20MHz signal bandwidth) that may be met with energy detection. These thresholds are maximum levels and actual equipment may use lower levels.
Figure 3 illustrates the CCA procedure for the two DL transmission scenarios described in Section 2.1, with Scenario 1 being further split into two cases:

Scenario 1a: In this case, the eNB waits for the channel to become idle, and then does an Initial Defer followed by a Random Backoff. The Initial Defer and Idle Threshold are both configurable, with a default value of 34µs (802.11n/ac DIFS). The Backoff Slot size is configurable, with a default value of 9µs (802.11n/ac time slot). The Random Backoff duration is a random number of Backoff Slots between 0 and a configurable and adaptable value from 31 up to 255. The adaptation scheme is FFS, but the value could be adjusted exponentially based on the overall channel conditions. Note that the backoff adaptation cannot be triggered rapidly by a failure to receive an ACK from a single device, since LAA uses HARQ and also transmits to multiple devices within a single TX window (ref. Section 2.4).
Scenario 1b: This case is similar to Scenario 1a with the difference that the Random Backoff process is interrupted by and thus skips over multiple busy Backoff Slots.
Scenario 2: In this case, the channel has already been idle for at least Idle Threshold when CCA is started with the pending DL data, and thus the eNB can proceed directly to Channel Reservation.
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Figure 3: CCA
2.3. Channel Reservation

Channel Reservation holds the channel until the end of the DL TX Window. It enables co-channel WLAN nodes and other eNB’s to backoff until the completion of the next DL transmission.
Two mechanisms can be studied by 3GPP and be applied alone or together (ref. Figure 4):
1. The eNB sends a reservation frame called LAA Reservation Frame (LAARF) on DL immediately after CCA.
· LAARF has a preamble and a Duration field that covers a period lasting to the end of the DL TX Window or for 32ms, whichever is shorter.

· LAARF enables WLAN nodes and other LAA nodes on the channel to backoff until the end of the DL TX Window (if the window size is no longer than 32ms).
2. The eNB sends a sequence of preambles after CCA (or after LAARF if applied together) and before the start of the DL TX Window.
· These preambles enable WLAN nodes and other LAA nodes on the channel to perform preamble detection and to backoff until the end of the DL TX Window.

· The preambles also allow the UE to perform or enhance channel estimation, timing recovery and frequency offset
· The preamble closest to the DL Data sets the Length subfield to cover the DL Data or 5ms, whichever is shorter, and other preambles set the Length subfield to the start of the preamble closest to the DL Data.
· Partial preamble for symbol and subframe padding is also needed. Details are FFS.
The LAA DL data transmission begins on a subframe 1ms boundary synchronous with the associated licensed carrier. To reduce the overhead of CCA and Channel Reservation and improve bandwidth efficiency (especially for small DL Data Window), the DL Data Window may end at any timeslot boundary. The first timeslot includes the PDCCH and synchronization signals as per existing specifications, and this applies to the case of a single final timeslot as well.  The user data resource block allocations and assignments would be understood to span a single time-slot or a full subframe in the final subframe by the information of the known length of the LAA transmission.  The mapping of resource blocks is FFS in a final single timeslot transmission
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Figure 4: Reservation Frame and Preamble
The LAARF frame format should be defined by 3GPP in such a way that it can be recognized by WLAN nodes and allows them to backoff until the end of the DL TX Window. As an example, CTS-to-Self message (ref.  Figure 5) defined in WLAN may play such a role.
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 Figure 5: Reservation Frame—WLAN Example
In the message, the Duration field specifies a time period that extends to the end of the following data sequence, which in the LAA application is the DL Data Window. The max range of Duration is 32ms. The Receiver Address (RA) field in the above message is set to the transmitter address.
Similarly, the preamble used in LAA Channel Reservation should be defined by 3GPP in such a way that it can be recognized and used by the WLAN nodes to backoff until the end of the time period that is indicated in the preamble.  This also allows LAA nodes to backoff from WLAN transmissions and transmissions from other LAA nodes by using preamble detection.   In addition, the preamble allows WLAN nodes to backoff from LAA transmissions as well. Preamble and hence LAARF detection can reliably support sensitivities at least 20 dB lower in level than simple energy detection.   As an example, the 802.11a preamble
 (Figure 6) defined in WLAN offers such functionality.
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Figure 6: Preamble—WLAN Example

The fields in the 802.11a preamble have the following functions:

 Short Training Sequence
· Signal detect
· AGC diversity selection
· Timing sync
· Coarse frequency offset estimation
Long Training Sequence
· Channel estimation

· Channel equalization
· Fine frequency offset estimation
· Fine timing estimation
Signal
· 1 OFDM symbol (BPSK, ½ rate)
· Length subfield covers up to 5.46ms of payload
· Rate subfield indicates the data rate for the payload
In Figure 6, a LAA Header Payload is also shown. This is not part of the 802.11a preamble definition, but may optionally be added by 3GPP to carry LAA reference signal to further support channel estimation. The format of such a payload is FFS.
In summary, there are following main benefits of supporting Channel Reservation in LAA:
1. Improved physical layer performance for LAA via preamble-enabled timing recovery and channel estimation.
2. Allows LAA impact on WLAN networks to match WLAN-to-WLAN impact
· LAA has acceptable probability of detecting real-time WLAN VoIP and video signals during CCA and avoids substantially increasing the latency of real time data flows.
· WLAN best-effort data flows are not degraded in throughput by LAA nodes compared to WLAN nodes on the same channel.
3. Increased battery life
· Allows co-channel WLAN nodes to perform reservation frame/preamble detection and consequently backoff from these data bursts as they do for WLAN transmissions.
· Enable these WLAN nodes to enter sleep mode during backoff periods.
2.4. Support for Multiple UE’s in a Single DL TX Window
The eNB can schedule multiple UE’s to share a DL TX Window with standard LTE multi-access scheme, as illustrated in Figure 7. In this case, the eNB performs CCA and Channel reservation on behalf of all target UE’s.
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Figure 7: Support for Multiple UE’s
2.5. Support for Coexistence among LAA Nodes

The proposed solution supports not only the coexistence of between LAA and WLAN, but also the coexistence among multiple LAA eNB nodes operating on the same unlicensed channel. This is achieved by the employment of the same set of coexistence mechanisms that can be understood and reacted to by all participating nodes (LAA eNB, WLAN AP and WLAN STA). 

The solution assumes that there is not any synchronization between LAA and WLAN or among LAA eNB nodes. In fact, asynchronous operations of the participating nodes on the channel randomize their channel access and make the proposed CCA process work more effectively by reducing the probability of collision.
2.6. Support for Global Regulations

Since the proposed CCA and Channel Reservation mechanisms are compatible with WLAN, which has been developed to meet global standards and has been mass-deployed globally, they ensure that the proposed LAA solution be applicable to global markets.
Furthermore, since the TX window is proposed to end at any LAA timeslot (0.5ms) boundary, the back-to-back LAA transmissions in countries with short max TX windows can have significantly higher bandwidth efficiency in comparison with any proposals that end the TX window at subframe (1ms) boundary. Figure 8 illustrates this efficiency improvement for Japan, which mandates a 4ms maximum TX window. The top of the figure shows the case of timeslot-aligned TX window, with 3.5ms data burst followed by 0.5ms CCA and Channel Reservation (total 4ms). This will provides 87.5% (3.5/4) bandwidth efficiency for back-to-back data transmissions. In contrast, the bottom of the figure shows the case of subframe-aligned TX window, with 3ms data burst followed by 1ms CCA and Channel Reservation. This will produce only 75% (3/4) bandwidth efficiency for such transmissions.
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Figure 8: Support for Short TX Windows
2.7. Implementation Impact

The solution described in this contribution can be implemented in low-complexity and in combination of hardware and software. The main functions consist of energy detection, preamble detection, and support for a reservation frame. The overall complexity of the LBT/CCA procedure proposed in this contribution is comparable to that described in other contributions so far. Furthermore, the coexistence mechanisms that are similar to those proposed in this contribution have been widely used and tested for WLAN applications in unlicensed bands.
3. Simulation Results
A comprehensive set of simulations have been done and reported in contributions [3][4][5][6]. Among other results, they clearly show that CCA based on Energy Detection only is not sufficient for coexistence with WLAN, and preamble detection and Channel Reservation are necessary additional mechanisms to achieve robust coexistence. The following are two specific conclusions from these simulations (for the given simulation assumptions described in these contributions):
· If LAA, as the impeding network, implements Energy Detection only for CCA, the victim WLAN will suffer from throughput reductions up to 61%, in comparison with the case where a WLAN is the impeding network that supports both Energy Detection and Carrier Sense (preamble detection and Channel Reservation). 
· If LAA, as the impeding network, implements Energy Detection only for CCA, the VoIP calls on the victim WLAN will suffer from increased latencies ranging from 340ms to 840ms, in comparison with the case where a WLAN is the impeding network that supports both Energy Detection and Carrier Sense (preamble detection and Channel Reservation). In addition, the percentage of VoIP flows that exceed the 98% percentile latency requirement of 50ms increases from 20% to 95% in the worst case. 

4. Proposals
Proposal 1:
LAA shall support best effort data only and licensed carriers support real time data flows
Proposal 2:
Shall support 20MHz channelization in common with WLAN for best efficiency
Proposal 3:
Each LAA TX window shall be preceded by a successful LBT/CCA process
Proposal 4:
Each LAA TX window shall also be preceded by a reservation frame or preamble sequence
a. Provides enhanced timing, frequency estimation, and channel estimation for LAA
b. Fills the gap to hold the channel till the next subframe boundary on the licensed channel
c. Provides channel reservation to hold the channel until the end of the LAA TX window
Proposal 5:
CCA shall include both energy detection and reservation frame/preamble detection
Proposal 6:
All LAA TX windows shall start on subframe boundaries synchronized to licensed subcarrier
Proposal 7:
LAA TX windows may end on any LAA timeslot boundary, so window sizes in any units of 0.5ms are allowed, with Resource Block allocation/formatting in single timeslots for user data being FFS
Proposal 8:
Shall support both cross-carrier and unlicensed-carrier scheduling PDCCH
Proposal 9:
LTE HARQ processes shall operate across multiple LAA TX windows
Proposal 10:
Shall support data flows for multiple UE’s per LAA TX window
5. Conclusion
Coexistence mechanisms shall be compatible with well-established and commonly-applied rules on the unlicensed bands, and shall go beyond the minimum of meeting regulatory requirements.
With the usage of a low-complexity reservation frame and/or preamble, LAA-to-WLAN impact compared to WLAN-to-WLAN impact can be equivalent in terms of 
· Real-time VoIP and video latency
· Best-effort data throughput
· Power usage of WLAN
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�  In 802.11, Short Training Sequence and Long Training Sequence fields make up the PLCP Preamble, and the Signal field is part of the PLCP Header. For convenience, these three fields together are called a preamble in this document.
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