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1. Introduction

In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [1].

	· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


In this contribution, we discuss initial signal definition for UL transmission in LAA SCell.
2. Necessity of initial signal for LAA UL
In general, initial signal for LAA UL is necessary to make a room where a UE can start UL transmission before subframe or SC-FDM symbol boundary since UE can start UL transmission only at a subframe or SC-FDM symbol boundary in current LTE, which cause too much restriction in UE’s LBT operation and channel access. Initial signal can be also used to help eNB’s UL synchronization or detection of UL signals if the initial signal waveform is known to eNB. Also, initial signal can be used to implement UL transmission without LBT operation within a short gap (e.g., 16 us) right after a DL transmission burst.
However, allowing UE to transmit long initial signal may not be desirable in both the coexistence perspective and the predictability of UE behaviour. Considering the decision in RAN1#84bis meeting of introducing 1 SC-FDM symbol gap in both ends of PUSCH transmission, maximum length of 1 SC-FDM symbol is reasonable choice as the restriction to the initial signal length.

In addition, network need to disable UE’s initial signal transmission for some cases, for example, to align start timing of different UEs’ PUSCH transmissions in a same subframe for FDM or CDM.

Suggestion 1: UE is allowed to transmit initial signal imediatly after LBT success prior to an UL transmission. 

· The maximum length of initial signal is restricted as a single SC-FDM symbol.

· Utilization of initial signal is configurable by network (by higher layer signaling or UL grant)

3. Definition of initial signal for LAA UL

Unlikely from LAA DL, initial signal for LAA UL should be defined so that network can expect consistent and relevant behaviors from different UEs. We consider the following options as initial signal waveform.
· option 1) reuse DMRS

· option 2) reuse SRS

· option 3) Copy of next SC-FDM symbol

· option 4) extending cyclic prefix of next SC-FDM symbol

· option 5) fractional puncturing of a SC-FDM data symbol

Suggestion 2: Initial signal waveform is defined between following options. 

· option 1) First DM-RS symbol for the physical channel subsequent to the initial signal is fully or fractionally reused

· option 2)Cyclic prefix of the next SC-FDM symbol is extended

Initial signal transmission power
To guarantee same or similar coverage between initial signal and the consequent UL transmission, transmission power of initial signal can be set same with the transmission power of the physical channel to be transmitted after the initial signal. If actual initial signal transmit power cannot be set same with the transmit power of the consequent physical channel due to power limitation, there are two possibilities, that is, reducing initial signal transmit power or giving up transmission of initial signal.
Suggestion 3: Transmission power of initial signal is set same with the transmission power of the physical channel to be transmitted after the initial signal
· If initial signal transmit power cannot be set same with the transmit power of the consequent physical channel due to power limitation, decide between two options:
· Option 1) reduce initial signal transmit power

· FFS whether to reduce the transmit power of the consequent physical channel or not

· Option 2) UE cannot transmit initial signal
4. Summary and conclusions

In this paper, we discussed necessity and possible design of initial signal for LAA UL. The suggestions of this paper are summarized as follows.
Suggestion 1: UE is allowed to transmit initial signal imediatly after LBT success prior to an UL transmission. 

· The maximum length of initial signal is restricted as a single SC-FDM symbol.

· Utilization of initial signal is configurable by network (by higher layer signaling or UL grant)

Suggestion 2: Initial signal waveform is defined between following options. 

· option 1) First DM-RS symbol for the physical channel subsequent to the initial signal is fully or fractionally reused

· option 2)Cyclic prefix of the next SC-FDM symbol is extended

Suggestion 3: Transmission power of initial signal is set same with the transmission power of the physical channel to be transmitted after the initial signal
· If initial signal transmit power cannot be set same with the transmit power of the consequent physical channel due to power limitation, decide between two options:

· Option 1) reduce initial signal transmit power

· FFS whether to reduce the transmit power of the consequent physical channel or not

· Option 2) UE cannot transmit initial signal
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