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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In some regulatory domains such as Europe and Japan [2], LBT is required for a system operating in some unlicensed bands of interest to LAA (Licensed-Assisted Access). With LBT, an LAA eNB may need to transmit in the middle of a subframe to hold the channel. If holding channel is the only purpose for that transmission, it is enough for eNB to inject energy in the channel bandwidth with any signal. Yet the eNB may hold the channel quite early in a subframe, and it would be wasteful not to put the available fractional subframe to good use. 

As eNB may hold the channel in the middle of an OFDM symbol, it is necessary for eNB to transmit some signal to prevent another eNB or WiFi to take that channel. The transmitted signal in the fractional OFDM symbol is referred as “reservation signal” in our design.  In  [4], we provide our overall design considerations on LAA frame structure design. In this contribution, we focus on the reservation signal design. 
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2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Reservation signal design
The reservation signal is used to occupy the channel from the point eNB grabs the channel until the start of the next OFDM symbol. 
The first goal of reservation signal is for an eNB to inject power into a channel so other eNBs or WiFi stations will defer to the eNB’s transmission, in theory any signal can serve the purpose as long as it meets several conditions:
1. the reservation signal is a wideband signal
2. the reservation signal can be detected in the coverage area

Requirement 1 is relatively easy to meet. And one simplistic solution is to transmit the same signal at multiple antennas at eNB. Unfortunately in that case sometimes it may be challenging for other eNBs or WiFi stations to detect the signal if multiple transmit antennas are used. That is best explained by one example:
Assume there are 4 Tx antennas at eNB, if the same signal is transmitted from 4 Tx antennas, then effectively the eNB uses [+1 +1 +1 +1] as the beamforming vector for the signal. It may create spatial nulls in the coverage area. As a consequence other eNBs or WiFi stations in the spatial nulls will not detect the reservation signal and the design purpose of the reservation signal won’t be achieved. From that we have 
Proposal 1: eNB needs to inject energy uniformly in the frequency domain and in the spatial domain.

We can consider two options to achieve that:
1. use different signals for different antennas
2. use  a single signal and use CDD (Cyclic Delay Diversity) to add up the power from different antennas

In LTE, signals are defined according to antenna ports not to physical antennas. When antenna aggregation is used, e.g. 8 physical antennas are used and 2 CRS ports are configured, we still need a scheme to allow transmission from 8 physical antennas without creating the problem mentioned above.
With option 1, the antenna aggregation for CRS can be reused. As there are definitions for different antenna ports in LTE such as CRS, DMRS, CSI-RS, they are naturally the starting point for reservation signal design under option 1.
With option 2, the multipath profile as indicated by the reservation signal may be worse than what it is in reality, and there may be timing issue if a UE uses the reservation signal to adjust its receive timing. One benefit with option 2 the detector for a single signal is needed. In this case, the reservation signal can be modified from the synchronization signal(s).
Depending when the eNB grabs the channel, the transmission duration of the reservation signal can be quite long. When that happens, it is beneficial to put the reservation signal to good use. As the reservation signal is a wideband signal, it can be designed so its correlation property is good and timing synchronization can leverage the reservation signal. Further if the reservation signal consists of multiple segments and has a repetition pattern, then two or more segments can be used to perform frequency synchronization as well. From this, the reservation signals for different cells need to be different.  We have

Proposal 2: The LAA reservation signal is cell-specific and consists of a repetition of a signal in the time domain.

In the design of the reservation signal waveform, we also need to avoid possible confusion between the reservation signal and existing signals such as CRS and DMRS at the same location. For example, if the reservation signal is a truncated version of the CRS signal at symbol 0 and eNB grabs the channel 6 microseconds after the start of a subframe then a UE can be confused about the type of the current subframe (In [4]  we define 3 types of subframes). We have
Proposal 3: The LAA reservation signal design should avoid possible confusion with existing signals such as CRS/DMRS/CSI-RS/PRS.

A UE can achieve and maintain timing/frequency synchronization with help from multiple signals:
· DRS: As mentioned in our companion contribution [5], discovery signal (DRS) in Rel. 12 can be enhanced for coarse time/frequency synchronization in LAA. 
· CRS/CSI-RS: to achieve better timing/frequency tracking, it is proposed in our contribution [4] that CRS or CSIRS after LAA reservation signal can be used for fine time/frequency synchronization. 
· Reservation signal: one possible way to further improve the performance of time/frequency synchronization is to use the reservation signal. From the definition of reservation signal in [4], the duration of the reservation signal is less than or equal to an OFDM symbol time.. For example, suppose PSS/SSS reference signal is interleaved in frequency domain to hold the channel and the space counted in REs between two adjacent REs taken by the LAA reservation signal is six. The reservation signal has six repetitions in time domain and each repetition takes about 70/6=11.67 µs. Since the timing to grab the channel is opportunistic, the reservation signal may be too short to perform time/frequency synchronization at times. At other times the reservation signal’s duration may be long enough so it can be used for synchronization   In summary, if the duration of the reservation signal is long enough (i.e., the eNB grabs the channel earlier), we can use it for time/frequency synchronization; otherwise the reservation is just used for holding the channel. Similarly, since LAA reservation signal is cell-specific, it may also be used for cell identification.
From the above, it is clear while the reservation signal can be used by a UE to better track timing/frequency opportunistically; by no means we have to put all the burden of timing/frequency synchronization on the reservation signal only.

Proposal 4: The LAA reservation signal may be used for fine time/frequency synchronization.

We provide two examples for the LAA reservation signal design below:

In LTE, the physical signals such as CRS, DMRS, etc are defined by 
1. the seeding formula and its inputs, which include Cell ID, slot index; and in addition one bit for the cyclic prefix type, RNTI or scrambling ID depending on the RS type (refer to the table below)
2. the RE locations 

[image: ]


We can modify 1), 2) or both 1) and 2) for the reservation signal.


In one example, the reservation signal sequence  is defined by






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





Where  is the space counted in REs between two adjacent REs taken by the LAA reservation signal can take the value 6 as that for CRS, or 4 or 8 so the time-domain signal consists of 4 or 8 repetitions of the same signal with a FFT size of 2’s power. The RE locations for the reservation signal also depend on the Cell-ID say , so cell ID planning does not need to change because of the reservation signal. Just as in CRS, the reservation signals at different antenna ports can take different REs. 


Further can be used to read a bit sequence for the reservation signal from a different portion of the Gold sequence compared to CRS, so no confusion will arise. 

Note in the above formula, the reservation signal is different from one OFDM symbol to another. It is also possible to remove the dependence on the OFDM symbol index within a slot, so the same reservation signal is derived at all OFDM symbols. This design can be used in the time-shifting design given in [4]. Further if the functionalities of the reservation signal do not include cell identification, then a common fixed ID or a small set of IDs can be used to replace the Cell-ID in the scrambling formula. Note the reservation signal’s power at an antenna port needs to be scaled so it is transmitted at a power no less than the maximum power in the transmission of control and data, so other eNBs or WiFi stations will defer to the transmission properly once their CCA function detects the energy from the reservation signal. 


In another example, we can construct the reservation signal by using the  synchronization signal(s) as shown in figure 1. For a 5 MHz system, the synchronization signal’s REs in the frequency domain can be mapped to evenly spaced REs. 
[image: ]
Figure 1 Reservation signal using PSS/SSS for a 5 MHz system
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3. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide our views on reservation signal design. We have
Proposal 1: eNB needs to inject energy uniformly in the frequency domain and in the spatial domain.
Proposal 2: The LAA reservation signal is cell-specific and consists of a repetition of a signal in the time domain.
Proposal 3: The LAA reservation signal design should avoid possible confusing with existing signals such as CRS/DMRS/CSI-RS/PRS.
[bookmark: OLE_LINK37][bookmark: OLE_LINK36][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 4: The LAA reservation signal may be used for fine time/frequency synchronization.
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(virtual)Cell IDslot Index CP type RNTI Scrambling ID

CRS x x x

Port 5 x x x

Ports 7-14 x x x

EPDCCH DMRS x x

CSI-RS x x x
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