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1 Introduction

The new SI of “Study on Licensed-Assisted Access using LTE” was discussed at RAN1 meeting #78bis and #79, and the following agreements regarding design targets have been reached [1]:

Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel*
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

Subframe boundary alignment between serving cells aggregated by CA is assumed, while eNB may need to occupy the unlicensed channel from any time due to LBE regulation, and therefore it is highly possible that the time eNB is permitted to transmit on unlicensed channel is not suitable to data transmission due to the CA timing relationship between licensed and unlicensed cells. Therefore, it was agreed that some signals can be transmitted for the duration at least to reserve the channel. This contribution will discuss the design of such kind of channel reservation signal for DL LBE-based LAA.
2 Design of channel reservation signal 
The motivation of introducing DL channel reservation signal for LBE-based LAA is to reserve the channel, so the definition of channel reservation signal could be:
Signal(s) which are transmitted by eNB from the time eNB is permitted to transmit to the symbol boundary of data transmission. 
‘Busy signal’ that carries no functionality other than indicating the channel is in use can be one kind of channel reservation signal. However, the duration of channel reservation signal is part of the maximum channel occupancy time, and hence it is beneficial to transmit some useful signal, e.g., ‘preamble’, proposed in [2] [3], which carry some additional functions.
2.1 Additional functionalities of channel reservation signal
The agreed functionalities for LAA-LTE include: 
· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference

The design of the reservation signal may be related to the signals that will be used in LAA, e.g., DRS. Generally, Rel-12 DRS can be used to achieve all the functionalities listed above except for CSI measurement. However, with LBT regulation, the periodic transmission of DRS on unlicensed carrier may not be guaranteed if DRS is reused in a LAA-LTE system. From RRM measurement point of view, the impact of discontinuous DRS transmission is acceptable since it is a semi-static operation and only coarse synchronization is required. So it was agreed in last meeting that ‘Rel-12 DRS can be the starting point for at least RRM measurement including cell identification’. 

On the other hand, in case the tracking of fine frequency/time synchronization for demodulation on unlicensed carrier using DRS may not be guaranteed, UE may need to demodulate/decode PDCCH and PDSCH without achieving fine frequency/time synchronization if eNB transmits PDCCH and PDSCH right after it accesses to unlicensed carrier, which may lead to performance loss. Therefore, channel reservation signal could be a reference signal, i.e., preamble, and be considered as a complementary signal to DRS to provide more information for fine frequency/time estimation for demodulation. Furthermore, the preamble shall be used also for cell identification as the UE needs to distinguish the preamble from different transmitting LAA eNBs. It can also be used for AGC setting since it is transmitted for each initial access to unlicensed carrier.
The reservation signal should also have the functionality of indicating, to other LAA-LTE eNBs, that the transmission is from an LAA-LTE eNB. The current network deployments of LTE system on licensed carrier are co-channel deployment scenarios, so LTE UE, especially cell-edge UE, may experience strong interference from neighbor cells. Compared to Wi-Fi system, techniques adopted by LTE, such as turbo code, RI/PMI/CQI feedback mechanism, HARQ retransmission, etc., are more robust to deal with co-channel interference. From UE perspective, IRC receiver which could suppress interference had been investigated and introduced since Rel-11 to further improve the performance of cell-edge UE. 
In general, since LTE works fine with reuse 1, and reuse 1 in some cases can improve spectrum efficiency, LAA should also support reuse 1 among LAA eNB transmissions under the conditions of a planned network deployment. For this reason, one LAA eNB needs to know if a transmission is from an LAA eNB or from other RATs (e.g., WiFi). This functionality could be achieved by detecting an LAA-specific reference signal in channel reservation signal. This is discussed from the performance perspective in our companion contribution [4]. According to the evaluation of LAA co-existing with LAA deployment scenario with different CCA thresholds, it is observed that increasing CCA threshold in LAA to LAA deployment can improve cell throughput due to increased resource multiplexing, especially in dense deployment scenarios.
Based on the above discussion, we propose:
Proposal 1: The channel reservation signal should at least have the following functionalities in addition to reserving the channel:
· Providing identification that the transmitter is an LAA-LTE eNB
· AGC setting and cell identification

· Assisting UE to acquire fine frequency/time estimation 
2.2 Design principles of channel reservation signal
For LBE-based LAA, eNB may start the transmission of channel reservation signal at any time, e.g., in the middle of an OFDM symbol, so introducing a variable duration preamble is beneficial to make use of the unlicensed resource as much as possible. The variable duration preamble may contain time domain signals of a shortened format where the length of each shortened format is smaller than or equal to the length of CCA window to facilitate other systems to detect it during CCA observation time. In addition, the shortened format preamble can be transmitted in a fractional way once the CCA succeeded and it does not require transmitting a fixed number of times. 
The proposed shortened format preamble has the following merits:

· Make use of the fractional OFDM symbol.

· May be used for AGC setting.

· May carry an LAA-specific reference signal to declare that the current transmitter is an LAA eNB, so other LAA eNBs can determine the identification of its neighbor during CCA observation time and UEs can notice the start of transmission on unlicensed carrier.

From demodulation point of view, UE should achieve fine frequency/time synchronization and obtain channel estimation related parameters, e.g., PDP estimation and coefficient calculation of Wiener filter, before it demodulates/decodes data on unlicensed cell. So at the boundary of the next OFDM symbol after a shortened format preamble, one or several normal format preambles where each normal format preamble occupies one whole OFDM symbol should be transmitted as part of the variable duration preamble for demodulation preparation. In addition, the normal format preamble may also be used for cell identification.
Proposal 2: A variable duration preamble should be introduced as channel reservation signal:

· The variable duration preamble should include at least one shortened format preamble with LAA-specific RS for system identification.
· The variable duration preamble should also include at least one normal format preamble for demodulation preparation.
If eNB is permitted to transmit on unlicensed channel at the first several symbols in the subframe, it seems not necessary to wait until the boundary of a new subframe to transmit data. So data transmission may start at the boundary of a new OFDM symbol right after the channel reservation signal.

Proposal 3: Data transmission may start at the boundary of a new OFDM symbol right after the channel reservation signal.
2.3 Example of variable duration preamble
One example of variable duration preamble is illustrated in Figure 1. The OFDM symbol boundary on unlicensed cell is aligned with licensed cell. When eNB determines the unlicensed channel is idle in the middle of one OFDM symbol, it starts to transmit the shortened format preamble circularly to occupy the fractional OFDM symbol. The number of shortened format preamble A should be determined by the duration from the time eNB accesses the channel to the boundary of next OFDM symbol. Note that a fractional part of A may be transmitted depending on the duration, as marked in red in the figure. One special case is that if the duration is not long enough to transmit a copy of A, the shortened format preamble should occupy at least the next symbol for system identification. Considering that A is supposed to be detected during CCA observation time, the length of A should be smaller than or equal to the length of CCA window. B indicates the normal format preamble that should be transmitted at the beginning of an OFDM symbol after A and occupies a whole symbol for one copy. It is preferred to transmit one or two complete symbols as well as fractional symbol for variable duration preamble to achieve the proposed functionalities.
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Figure 1: Example of variable duration preamble
3 Conclusion
In this contribution, the design of DL channel reservation signal for LBE-based LAA is discussed and the following proposals are made:
Proposal 1: The channel reservation signal should at least have the following functionalities in addition to reserving the channel:

· Providing identification that the transmitter is an LAA-LTE eNB

· AGC setting and cell identification

· Assisting UE to acquire fine frequency/time estimation

Proposal 2: A variable duration preamble should be introduced as channel reservation signal:

· The variable duration preamble should include at least one shortened format preamble with LAA-specific RS for system identification.
· The variable duration preamble should also include at least one normal format preamble for demodulation preparation.

Proposal 3: Data transmission may start at the boundary of a new OFDM symbol right after the channel reservation signal.
One example of variable duration preamble is also illustrated in Figure 1.
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Appendix 
--------------------------< Start of text proposal for TR36.889 >--------------------------
7.1
Design targets and functionalities

[…]

Based on the design targets, at least the following functionalities are required for an LAA system:

-
Listen-before-talk (Clear channel assessment)

The listen-before-talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. European and Japanese regulations mandate the usage of LBT in the unlicensed bands. Apart from regulatory requirements, carrier sensing via LBT is one way for fair sharing of the unlicensed spectrum and hence it is considered to be a vital feature for fair and friendly operation in the unlicensed spectrum in a single global solution framework.

-
Discontinuous transmission on a carrier with limited maximum transmission duration

In unlicensed spectrum, channel availibility cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum transmission duration is a required functionality for LAA.
-
Dynamic frequency selection for radar avoidance in certain bands/regions

Dynamic frequency selection (DFS) is a regulatory requirement for some frequency bands, e.g., to detect interference from radar systems and to avoid co-channel operation with these systems by selecting a different carrier on a relatively slow time scale.
-
Carrier selection

As there is a large available bandwidth of unlicensed spectrum, carrier selection is required for LAA nodes to select the carriers with low interference and with that achieve good co-existence with other unlicensed spectrum deployments.
-
Transmit Power Control

Transmit Power Control (TPC) is a regulatory requirement in some regions by which the transmitting device should be able to reduce the transmit power in a proportion of 3dB or 6dB compared to the maximum nominal transmit power.
-
Providing identification that the transmitter is an LAA-LTE eNB
It is beneficial to support a large reuse factor among LAA eNB transmissions under the conditions of a planned network deployment since LTE works well with reuse 1, and reuse 1 in some cases can improve spectrum efficiency. For this reason, one LAA eNB needs to know if a transmission is from an LAA eNB or from other RATs (e.g., WiFi)
7.2
Solutions for DL operation without UL in unlicensed spectrum
7.2.x
Channel reservation signal with LBT for an LBE device

For LBE-based LAA downlink transmission, signals may be transmitted for reserving the channel as soon as the channel becomes available. These reservation signals form an LAA preamble that carries LAA-specific RS that could provide the following functionalities:

· Reserving the channel
· Providing identification that the transmitter is an LAA-LTE eNB

· AGC setting and cell identification
· Assisting UE to acquire fine frequency/time estimation
To provide the above functionalities, the variable duration preamble could be such that:

· The variable duration preamble includes at least one shortened format preamble with LAA-specific RS for system identification. The shorten format preamble aligns the next transmission to the OFDM symbol boundary.
· The variable duration preamble also includes at least one normal format preamble for demodulation preparation.
--------------------------< End of text proposal for TR36.889 >---------------------------
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