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Introduction
One of the most important design goals of LAA is fair coexistence with other radio access technologies (RATs) such as Wi-Fi and/or other LAA networks deployed by other operators. To meet the design goal, Listen before Talk (LBT) has been considered as a key enabling technology, where data packets are transmitted only when the channel is sensed to be idle. 
In the context of LBT, LAA design poses a number of challenges and the design details are expected to be different than the legacy LTE.  In RAN1-#81, requirement for initial signal is discussed by a number of companies. To summarize, the initial signal should be able to provide functionalities including:
1) Channel reservation 
2) DRS related information including in cases when DRS has not been received for long duration in highly loaded conditions
a. AGC tuning.
b. time/frequency synchronization, 
c. cell identification 
3) Identification of TDD frame format based on the adaptive DL/UL structure within the data burst. 
4) Indication of starting position of PDSCH. This is essentially important in the context of partial and floating sub-frame
5) Determining the location of CSI-RS/CSI-IM signals within the LAA DL burst
6) In addition, we think, number of symbols used in the data burst may also provide additional information for UE/eNB by sleeping for the duration mentioned in the initial signal, in case UE is not expected to receive/transmit. Furthermore, it might be beneficial for the UE to detect the presence of the initial signal of the other nodes to defer the transmission. 

Based on the above objectives, in this contribution, we provide the design details of the initial signal. 
Design Options for Initial Signal 
Initial signal is transmitted before the PDSCH transmission along with a reservation signal as shown in Figure 1.  In case of multiple CCs used for the LAA transmission, the initial signal is transmitted on all the CCs. Thus, we focus on the initial signal used for one of the CCs. 

Reservation signal is required to be transmitted to reserve the channel and avoid other transmitters from contenting and occupying the channel until the start of the next OFDM symbol. If the DL burst transmission is limited to the certain starting positions, the reservation signal should be transmitted until it can accommodate the initial signal. Specifically reservation signal can be transmitted until one symbol before the allowed starting positions of the DL transmission for the first subframe in the DL burst, if the initial signal consists of 1 symbol.  We expect that the reservation signal may not contain any useful information as the duration of the reservation signal may contain random number of samples. 

Initial signal can provide essential information required for AGC, TF synchronization, indication of PDSCH starting position for the UEs being served, and optimally cell identification. For the other eNBs and the UEs associated with the other eNBs, this information from the initial signal can probably be used for setting the next sensing/transmitting/receiving timings. 



Figure 1: Illustration of initial signal operation transmitted after completion of LBT. 


Proposed initial signal consists of one symbol spanning entire bandwidth for each component carrier. The initial signal symbol consists of reference signal used for initial signal detection and AGC setting via time co-relation. It also consists of PSS/SSS sequence for cell identification related information and coarse TF synchronization. Finally the data burst control information present in the initial signal provides details of the data burst. 
	


 
Figure 2: Initial signal design consisting of CRS, PSS, SSS and data burst control information for each component carrier 




CRS sequence  is defined by






where  is the slot number within a radio frame and  is the OFDM symbol number within the slot and the pseudo-random sequence  is defined in clause 7.2 of 3GPP TS 36.211. The pseudo-random sequence generator shall be initialised with . 

CRS is transmitted only on port 0 and port 1 as illustrated in Figure 3. Cell specific frequency offset is not applied for the CRS transmission. 
[image: ]
Figure 3: CRS transmission on different antenna ports. 

Data burst control within the initial signal can include all or some parameters described below: 

· LAA burst length information: this field may be represented in a form of the number of subframes or OFDM symbols. According to ESTI standard, as the maximum transmission duration for a LAA burst can be 13ms, 4 bits can be specified to indicate number of subframes.
· TDD configuration information: this field contains the information of TDD configuration within the LAA burst. Note that this would allow dynamic control of downlink and uplink traffic on the unlicensed carriers within LAA burst. This can also include uplink control requirements, such as CCA duration. The TDD configuration consists of contiguous DL and UL subframe allocations. Thus, TDD configuration can be indicated with the subframe at which DL and UL is switched. Thus, similar to LAA burst length information, this configuration can be specified in 4 bits. 
· Multi-carrier information: Number of component carriers used for the LAA transmission. The necessity of this information depends on the design of RRM reporting mechanism.  For indication of up-to 5 carriers used for PDSCH transmission, 3 bits can be used.  


Proposal 1: It is desirable that Initial signal should be transmitted before the data burst transmission with low overhead. 

Proposal 2: LAA burst length information, TDD configuration information, number of Multi-carriers used for PDSCH transmission can be included in the initial signal design. 

Initial signal should be received by all UEs scheduled to receive PDSCH and/or PDCCH. As UEs with different capabilities of maximum bandwidth are expected to be present, UEs with different capabilities can be assigned to different component carriers.  Thus, initial signal should be transmitted on all the component carriers used for DL burst transmission. 
Proposal 3: Initial signal design should be transmitted on all the component carriers used for DL burst transmission. 
Below we describe data burst control channel used within initial signal, in particular, data format, transmission scheme including modulation, channel coding and scrambling. 

The LAA data burst control channel contains the LAA burst control information (or payload) as mentioned above and Cyclic Redundancy Check (CRC). Note that payload may also contain some reserved bits for the LAA burst control channel. For CRC, 8 parity check bits can be calculated based on the payload and appended to the payload. As specified in the section 5.1.1 in TS 36.212 [2], one of the generator polynomials , ,  and  may be adopted for LAA burst control channel.

For LAA burst control channel, tail biting convolutional codes (TBCC) in the LTE specification should be adopted for channel coding as TBCC outperforms TC when the payload size is relatively small. After the channel coding, rate matching is performed to fill out the available REs within the system bandwidth. This indicates that with larger system bandwidth, larger number of the repetition can be achieved for the transmission of the LAA burst control channel. In addition, as PSS and SSS are multiplexed within the LAA initial signal, LAA burst control channel is rate-matched around the PSS and SSS signal. 

After the channel coding and rate-matched, scrambling is performed in order to randomize the interference. In the LAA burst control channel design, similar scrambling procedure as in the existing LTE specification for PBCH can be applied. Regarding the initialization of the scrambling sequence, the scrambling sequence can be initialized with  


To ensure robust reception of the LAA burst control channel, QPSK can be used for modulation.  No beamforming is applied to the LAA initial signal, as it expected to be a broadcast signal.  In the case of two APs, Space-Frequency Block Coding (SFBC) is employed. 

Conclusion
In this contribution, we provided the design details of the initial signal. Based on the discussion we propose following: 

Proposal 1: It is desirable that Initial signal should be transmitted before the data burst transmission with low overhead. 

Proposal 2: LAA burst length information, TDD configuration information, number of Multi-carriers used for PDSCH transmission can be included in the initial signal data burst control information. 

Proposal 3: Initial signal design should be transmitted on all the component carriers used for DL burst transmission. 
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