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1 Introduction

In RAN #68 meeting, the WI on Licensed-Assisted Access (LAA) was approved [1]. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems. Listen-Before-Talk (LBT) is a key mechanism to avoid interference between different nodes, which is mandated by European regulation and Japan regulation. After a successful LBT, a device could occupy the channel with a limited time period smaller than or equal to the maximum occupation time. 
For LBT CAT 3 or CAT 4 [2], the time when the channel could be occupied is typically not at subframe/OFDM symbol boundary, hence a LAA transmission burst normally starts with an initial signal. Besides channel reservation, the initial signal can also be used for time/frequency synchronization and other functions. In this contribution, we provide our views on the design of initial signal. 
2 Discussion

On an unlicensed carrier, for fair co-existence with other RAT, e.g. WiFi, eNodeB needs to do CCA/ECCA procedure before it could occupy the channel. LBT CAT 4 was agreed as baseline for DL channel access [2]. Due to the random nature of interference experienced in the unlicensed spectrum, eNodeB may potentially acquire the channel at any time in a subframe/OFDM symbol, which is not necessarily at subframe/OFDM symbol boundary as shown in Figure 1. Therefore, signal for channel reservation is needed until control/data could be transmitted. Further, due to discontinuous transmission required by the regulations, time/frequency synchronization may be lost or degraded if there is no LAA DL transmission in a time window. Hence certain signal is needed for coarse and fine synchronization. Both channel reservation and time/frequency synchronization could be done by initial signal which starts a LAA transmission burst. Initial signal may be also defined for other functions, e.g. operator/cell identification.. 
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Figure 1: Transmission burst of LAA

2.1 Variable length of initial signal
As discussed in [3], a limited number of start positions for control/data transmission in a LAA burst is preferred for a better trade-off between DL performance and eNB/UE complexity. That is, eNB may access the channel (i.e. successful LBT) at any time but only transmit control/data in limited positions. As a result, initial signal which starts from the time for channel occupation and ends before control/data transmission has to support variable length. The shortest length must be able to support all functions of initial signal, e.g. considering the transmission of PSS/SSS in the separate OFDM symbols in initial signal, the shortest length is at least 2. For initial signal of other length, it supports at least all functions as the shortest initial signal, and the beginning part may just for channel reservation 
As shown in Figure 2, we assume there are 3 potential positions for control/data, i.e. OFDM symbol index 0, 4 and 7. When eNB passes LBT, and there is not enough time left to transmit the initial signal with minimum length before the nearest start position of control/data, eNB has to transmit a much longer initial signal until the next start position for control/data. For example, the shortest initial signal is 2ms. eNB access the channel after the boundary of OFDM symbol 2. Then, eNB could not start control/data transmission from OFDM symbol 4. Instead, eNB transmits the initial signal until the OFDM symbol 7 from which control/data could be transmitted. Since the possible start positions of control/data are not evenly spaced, the length of the longest initial signal corresponding to each start position could be different. In worst case in Figure 2, the length of initial signal can be up to 9 OFDM symbols, since the latest start position for control/data in a subframe is OFDM symbol 7 to avoid too short TTI in the partial subframe. 
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Figure 2: Shortest/longest initial signal
Observation 1: Initial signal has a variable length depending on the start time for channel occupation. The shortest length for an initial signal must support all required functions. 

As discussed above, most time of the longest initial signal is only for channel reservation, but not directly contributes to DL throughput. All other devices on the same carrier are blocked by the reservation signal., As shown in Figure 3, eNB may automatically add a number of self-deferral period [5] to reduce the length of initial signal.   The reduced initial signal is normally still longer than a shortest initial signal, otherwise eNB may miss the opportunity of earliest control/data transmission due to excessive self-deferral operation. 
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Figure 3: Shortest/longest initial signal

Observation 2: Frozen period could be considered to avoid too long initial signal, however, it may cause the eNB loss its channel occupation.
2.2 Structure of initial signal
As discussed in section 2.1, the length of initial signal is variable depending on the time when eNB passes LBT. In all cases, initial signal should be able to support certain functions, e.g. channel reservation, synchronization and others. The required functionalities determine the minimum length initial signal. To support variable length, initial signal can be divided into 2 parts, i.e. A and B. the length of part A varies with the start time of channel occupation, while part B always has a fixed length for most/all functions of initial signal. 
The minimum length of part A can be 0, that is, initial signal directly starts with part B. Alternatively, it is also possible to specify a minimum length of part A if part A has to support certain function.  Since part A may vary from 0 to a number of OFDM symbols, it won’t do any good to define different signals for different OFDM symbols. Hence the same sequence may be transmitted in each OFDM symbol in part A for simplicity. As to part B, it may carry synchronization signal (such as PSS and SSS) for coarse synchronization. Since part B is usually very short, CRS can be transmitted in the OFDM symbols for control/data after the initial signal. 
An example on above 2-part structure is shown in Figure 4. CP length for an OFDM symbol is determined based on its location in subframe as defined in legacy LTE system. It is assumed part B fixedly has 2 OFDM symbols. Part A could have a variable number of OFDM symbols. In accordance with the start time of channel occupation, it could be a partial OFDM symbol in the beginning of part A. If one from every N subcarriers carries a useful sequence S with other N-1 subcarriers muted, the partial OFDM symbol may still carry enough information for sequence S. 
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Figure 4: Structure of initial signal
Alternatively, as shown in Figure 5, part A may still have a variable number of OFDM symbol, but the partial OFDM symbol if existed in the beginning of part A is unspecified, i.e. it is up to eNB implementation to transmit any signal for channel reservation.
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Figure 5: Structure of initial signal

Proposal 1: Initial signal is composed of a variable length part A and a fixed length part B. Part B may carry synchronization signal (PSS and SSS) for coarse synchronization.
According to the above discussions, part A could have variable number of OFDM symbols which complicates the detection for part A. To reduce UE complexity, a UE only detects part B of initial signal to get time/frequency synchronization and for other purpose. On the other hand, an eNB may detect part A of initial signal of neighbor eNBs, e.g. to identify if any other eNBs already get the channel access. 
Proposal 2: A UE only detects part B of initial signal to get time/frequency synchronization and for other purpose. eNB may detect part A of initial signal to identify channel occupation by other eNBs. 
3 Conclusions
In this contribution, we discuss the overall structure of a LAA transmission burst, especially for the operations related to start/end partial subframes. We hence make the following observations and proposals,
Observation 1: Initial signal has a variable length depending on the start time for channel occupation. The shortest length for an initial signal must support all required functions. 

Observation 2: Frozen period could be considered to avoid too long initial signal, however, it may cause the eNB loss its channel occupation.
Proposal 1: Initial signal is composed of a variable length part A and a fixed length part B. Part B may carry synchronization signal (PSS and SSS) for coarse synchronization.

Proposal 2: A UE only detects part B of initial signal to get time/frequency synchronization and for other purpose. eNB may detect part A of initial signal to identify channel occupation byother eNBs. 
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