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1 Introduction
During RAN1#80 meeting, some agreements were reached as the following [1]:
Agreements:

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary
· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)

Based on the agreement listed above, in this contribution we discuss the design and possible standard impact of the reservation signal.
2 Discussion
2.1 Functionality partitioning of reservation signal
For LBE, the start time as well as the end time of CCA/eCCA can be at any time of a subframe. Thus, there may be fractional symbol and/or multiple integral symbols left for reservation signal before the actual data transmission. The number and position of integral symbol may vary in each competition of an unlicensed carrier. Similarly, the length and position of fractional symbol may vary as well. To improve channel access probability when different operators’ LAA sites accessing the same unlicensed carrier, reservation signal can be used for FBE as well [2, 3].
Given the reservation signal in the fractional symbol is opportunistic, it is suggested to consider the function and design of reservation signal separately in fractional symbol and integral symbol. When there is no fractional symbol or, the time of the fractional symbol is very short, no reservation signal will be transmitted at all. Hence, the primary function of reservation signal in the fractional symbol is just to reserve a channel. The other function (e.g., AGC tuning) is opportunistically supported.
Proposal 1: The basic function of reservation signal in the fractional symbol is to reserve a channel.
If the data is transmitted in the symbol just after CCA/eCCA and possible reservation signal in a fractional symbol, then due to randomness of the position of this data starting symbol, the complexity of data transmission/receiving will be increased. The TB size computation, MCS selection and RE mapping, determination of the start of data symbol will become complex. So it is necessary to transmit reservation signal in several integral symbols before the actual data transmission to help a receiver demodulating data. More important, compared with fractional symbol, the integral symbol is always present. Hence, transmission of reservation signal on integral symbol(s) should be studied with high importance.
In RAN1#80 meeting, it is agreed the reservation signal can have functions of cell identification and T/F synchronization. But it is not clear whether these two functions are supported by fractional symbol or integral symbol. We think it should be and only possible by transmitting reservation signal on integral symbol(s). The reason is that the integral symbol always presents while it is opportunistic for fractional symbol.
Furthermore, the following functions should be supported by reservation signal on integral symbol(s).
AGC tuning. Because reservation signal on fractional symbol does not exist in some cases, the function of AGC tuning should be a necessary function of reservation signal on integral symbol(s) to provide a receiver some signal for AGC tuning.
To reserve a channel. When an LAA site has little data to transmit where the total PRB it occupied is less than 80% of the system bandwidth, the reservation signal on integral symbol(s) can be applied to fulfill this requirement. 
RRM measurement. Due to discontinuous channel occupancy, the RRM measurement of the UE becomes difficult. If more signal(s) transmitted during COT can be used for RRM measurement, then it will help improving RRM measurement.
CSI measurement. Due to the limited time of the COT (4 ms, or 10 ms), if the first transmission of signal can be used for CSI measurement, then it will help improving UE’s CSI feedback latency which will improve spectrum efficiency.
To identify an LAA operator. In LAA Ad Hoc meeting, enabling frequency reuse for transmission by neighbour LAA cells of the same operator has been agreed as one target of LAA design [4]. To support frequency reuse, an LAA site should broadcast operator related information as soon as possible after occupying an unlicensed carrier. It helps nearby sites quickly finding whether there is a site sharing the unlicensed carrier. It will help other site to determine whether the frequency reuse is possible.
Proposal 2: AGC tuning, cell identification, T/F synchronization should be supported by reservation signal on integral symbol. 
2.2 Design of reservation signal and standard impact
1.1.1 Reservation signal for a fractional symbol
The duration of fractional symbol is not fixed. Hence, signal(s) in the fractional symbol should more or less be blindly detected at the receiver. However, if the length of the fractional symbol is long enough, it may be used for other functions. The reservation signal transmitted on the fractional symbol can be left to implementation for receiver AGC tuning, though a standard solution will provide additional function such as coarse synchronization. For reservation signal on the fractional symbol, the PSS/SSS in LTE can be reused. The receiver can reuse the existent detection algorithms.
It is suggested that a new symbol duration be designed to transmit reservation signal in the fractional symbol at least for AGC tuning and synchronization. For example, a shorter OFDM symbol can be considered with the subcarrier spacing is greater than that of legacy LTE OFDM symbol. For example, the subcarrier spacing can be 60 KHz (16.67 us) or 120 KHz (8.33 us). It should be noted that the sampling frequency of the shorter OFDM symbol should be chosen to maximize the compatibility with that of the legacy LTE (e.g., the same as or multiple/half of 30.72 MHz, etc.).
Proposal3: A shorter OFDM symbol may be considered for reservation signal in the fractional symbol.
1.1.2 Reservation signal for integral symbol
Reservation signal in partial subframe

In Figure 1, an example mapping of the reservation signal within a subframe is illustrated by existing PSS, SSS and existing RS (CRS, PRS). The PSS/SSS are located just after the fractional symbol. The LAA site maps its reservation signal in integral symbols according to the following Figure 1. 
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Figure 1 An example for the reservation signal on integral symbols
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Figure 2 CRS and PRS for the reservation signal on integral symbols
 During the period of integral symbols until the next subframe, there are two cases: 
· Case 1: to transmit reservation signal only; 
· Case 2: to transmit data of UE (PDSCH) and necessary reference signal.

For the first case, CRS and PSS/SSS should be included in the reservation signal, since they can be sent in the vast majority of integral symbols. PRS can be included to cover the gap symbols between CRS as illustrated in above Figure 2. Or time extension of CRS can be considered. Since UE’s measurement (CSI measurement) should be considered before PDSCH transmission, then CSI-RS should also be configured. CRS can be used for RRM measurement.

An LAA node can transmit PSS/SSS on adjacent 2 integral symbols right after a successful CCA/eCCA check. PSS/SSS can be used to support AGC tuning, cell identification and T/F synchronization. In addition, PSS/SSS can indicate the start of integral symbol. For example, if the LAA node has a successful CCA/eCCA check at the first symbol of a subframe (symbol 0), the LAA node can transmit PSS/SSS on the second and third symbols (symbol 1 and symbol 2).To fulfill the requirement of 80% occupied bandwidth [5], the PSS/SSS may be spread over the whole system bandwidth.
For the second case, CRS and PSS/SSS should be transmitted for demodulation and synchronization. PSS/SSS can also indicate the start of integral symbol. For a quick CSI report from UE, the LAA node should configure and transmit CSI-RS when there are enough symbols. 
When the bandwidth allocated to UEs is equal to or higher than 80% of the system bandwidth, the LAA node can keep hold of the unlicensed carrier without additional reservation signal. At this time, the LAA node only transmits data and necessary demodulation reference signal. If the UE is expected to require better synchronization and more accurate measurement, the reservation signal comprised by CRS and CSI-RS can be transmitted. If so, the UE data of PDSCH are not mapped on those REs for the reservation signal.

When the bandwidth allocated to UEs is less than 80% of the system bandwidth, the LAA node should transmit the reservation signal comprised by CRS, CSI-RS and/or PRS. It can fulfil the requirement of the regulation [5] and, keep hold of the unlicensed carrier without being grabbed by other radio system on the unoccupied bandwidth (in PRBs). 
Reservation signal in normal subframe

Note that the transmission of reservation signal should be supported in normal subframe(s) in addition to the initial partial subframe to occupy the unallocated PRBs when the bandwidth allocated to UEs is less than 80% of the system bandwidth. The LAA site should inform its serving UEs for which subframe includes the reservation signal when this LAA site wants its serving UEs performing measurement on the reservation signal. The following Figure 3 gives an example of transmission of reservation signal in a normal subframe. If an LAA site only use partial PRBs to transmit data (when the data volume is low), then the rest PRBs can be used to transmit the reservation signal. It will prevent other site or radio access system occupying those unused bandwidth. For example, if FBE based LBT were adopted for LAA with some kind of frame structure, then there might exist some idle subframes (e.g., when the system load is low). Under this circumstance, the reservation signal should be transmitted to prevent other site or radio access system occupying the unlicensed carrier.
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Figure 3 Example of transmission of reservation signal in a normal subframe
The reservation signal in a normal subframe can be used for UE measurement. For example, to improve the measurement accuracy in a UE within COT, an LAA site can transmit the reservation signal within COT for its serving UE’s RRM measurement and CSI measurement. The LAA site should inform its serving UE for which subframe includes the reservation signal when this LAA site wants its serving UE performing a measurement. The reservation signal in a normal subframe within COT includes CRS and CSI-RS at least.
Proposal4: The design of reservation signal on integral symbol(s) can be summarized as the following.
· The reservation signal on integral symbol should include CRS, PSS/SSS, and CSI-RS to avoid new signal(s) design and minimize standardization work.

· The LAA node should transmit PSS/SSS on the adjacent two integral symbols right after a successful CCA/eCCA check. 
· Reservation signal should be supported in partial subframe and/or normal subframe(s) within COT for reserving partial or all channel bandwidth.
3 Conclusion
In this contribution, we discuss the function and design of the reservation signal. We have the following proposals:
Proposal 1: The basic function of reservation signal in the fractional symbol is to reserve a channel.
Proposal 2: AGC tuning, cell identification, T/F synchronization should be supported by reservation signal on integral symbol.
Proposal3: A shorter OFDM symbol may be considered for reservation signal in the fractional symbol.
Proposal4:
· The reservation signal on integral symbol should include CRS, PRS, PSS/SSS, and CSI-RS to avoid new signal(s) design and minimize standardization work.

· The LAA node should transmit PSS/SSS on the adjacent two integral symbols just after a successful CCA/eCCA check. 
· Reservation signal should be supported in partial subframe and/or normal subframe(s) within COT for reserving partial or all channel bandwidth.
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