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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization where it was agreed only DL transmission is supported in Rel-13 [1]. During the LAA study item, it was agreed to introduce reservation signal for channel reservation in LBT operation as follows [2].
Agreements (RAN1#79):
· 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

In this paper, we suggest the design principles for reservation signal in LAA DL.
2. Design principles of reservation signal
2.1. Frequency domain distribution
Since reservation signal should be detected by other LAA networks or WiFi devices without any understanding on the actual transmission bandwidth, transmit power of reservation signal should be evenly distributed over whole system bandwidth. The occupied subcarriers by reservation signal should at least satisfy the regional regulation on the maximum PSD [3] so that transmit power should not exceeds maximum PSD when the eNB transmits up to maximum allowed transmit power in the unlicensed carrier.
Suggestion 1: Transmit power of reservation signal should be evenly distributed over whole system bandwidth

2.2. Reservation signal transmit power
To guarantee same or larger CCA sensing coverage of the reservation signal transmission than that of the consequent TX burst, reservation signal transmit power may have to be equal to or larger than the transmit power of the consequent TX burst. However, considering that transmit power during a TX burst may practically vary depending on the PDSCH scheduling bandwidth, RS or non-RS symbol, etc., reservation signal transmit power may be set based on the eNB transmission power of a wideband reference signal with constant transmit power such as CRS
Suggestion 2: Transmit power of reservation signal should be equal to or larger than a reference power, where reference power can be a maximum transmit power during the consequence TX burst or derived from a transmit power of wideband reference signal such as CRS
2.3. Specification of reservation signal waveform
In our view, reservation signal may not be needed for other purposes than channel reservation with LBT operation. Therefore, reservation signal transmission is not guaranteed before every DL TX burst and UE cannot expect it can receive reservation signal before reception of a DL TX burst. In that sense, reservation signal waveform may not need to be known to a UE
Suggestion 3: DL reservation signal waveform does not need to be known to a UE
However, further decision is required if reservation signal detection between eNBs should be necessary to support frequency reuse 1 in LAA DL. If reservation signal detection between eNBs should be necessary, reservation signal waveform may have to be specified to guarantee inter-operability of eNBs from different vendors.

Suggestion 4: Regarding necessity of specification of reservation signal waveform, it should be also considered if reservation signal detection between eNBs should be necessary for DL frequency reuse 1
3. Summary and conclusions

In this paper, we discussed design principles of reservation signal for DL LBT operation. The suggestions of this paper are summarized as follows.
Suggestion 1: Transmit power of reservation signal should be evenly distributed over whole system bandwidth

Suggestion 2: Transmit power of reservation signal should be equal to or larger than a reference power, where reference power can be a maximum transmit power during the consequence TX burst or derived from a transmit power of wideband reference signal such as CRS

Suggestion 3: DL reservation signal waveform does not need to be known to a UE
Suggestion 4: Regarding necessity of specification of reservation signal waveform, it should be also considered if reservation signal detection between eNBs should be necessary for DL frequency reuse 1
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