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1. Introduction
3GPP has studied the use of unlicensed spectrum in combination with licensed spectrum in the R13 Study Item [1]. The outcome of the study has been captured in [2]. In RAN #68 meeting, a New Work Item on Licensed-Assisted Access to Unlicensed Spectrum was launched [3], where the detailed objectives of the work item are to specify support for the following functionalities: 
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)

· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)

· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)

· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)

· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)
In this contribution, we analyze solutions of discovery reference signal (DRS) design for LAA Scell, focusing on opportunistic DRS transmission, as well as the possible design of LAA DRS on the LAA Scells in order to satisfy the functionalities of RRM measurement, coarse frequency synchronization, CSI measurement, etc.
2. Transmission solutions of discovery signals for LAA 
2.1 DRS Transmission mechanisms
To simplify the design of discovery signal transmission on LAA Scells, it is suggested to reuse the LTE design of DRS on licensed band as much as possible. Rel-12 DRS occasion is transmitted in a periodic way, where the occasion periodicity could be configured to be 40 ms, 80 ms, or 160 ms, and at each occasion, the transmission duration can be in the range of 1 and N consecutive subframes.
During the SI study, it is agreed that DRS design for LAA should allow DRS transmissions on an LAA SCell to be subject to LBT. When LBT is required, the transmission of LAA discovery signal should be based on the results of channel sensing, then the periodic transmission manner alike Rel-12 DRS cannot be ensured. In the TR, the following two options is suggested to be considered for DRS design for LAA within DMTC, 
1)
Option 1: Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC
2)
Option 2: Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC
At the same time, it is not preclude the possibility to allow other DRS transmissions outside of the configured DMTC.

When the Option 1 is applied, it is possible that the discovery signal cannot catch the transmission opportunity for a long periodicity, which will lead to severe degradation of UE RRM measurement accuracy without any other assistant signal transmission. Thus the Option 2 is suggested to be the transmission manner for DRS.
Regarding to Option 2, one issue needs to be determined is whether the DRS is allowed to be transmitted immediately after the successful CCA check, or the DRS is required to be started at the subframe boundary. If the short LBT is applied to DRS, i.e., the DRS can be transmitted after a short CCA check, the transmission duration of DRS may be limited to ensure fair co-existence. Under such condition, it may necessary to allow the DRS to start as soon as the channel is seized, i.e., allow the DRS to start transmission in fractional suframe. If DRS is transmitted based on normal LBT, the DRS can be started to transmit from the subframe boundary, and some initial signal can be transmitted to occupy the carrier before the transmission of DRS.   
If the channel is quite busy, it is possible that the eNB can not find any transmission opportunities in the configured DMTC. To ensure the UE RRM measurement accuracy, allow other DRS transmissions outside of the configured DMTC may be necessary. To save the power of UE for detection of DRS, some candidate DRS occasions outside the configured DMTC can be defined. Figure 1 presents one possible scheme for such DRS transmission, where multiple candidate LAA discovery signal occasions with a short interval, e.g. 40ms, are configurable during a relatively a long LAA discovery signal periodicity, e.g., 160ms. During each periodicity, the LAA node will always try to transmit LAA discovery signals on the first candidate occasion. If it’s available, the next LAA discovery signal transmission will go to the next periodicity, otherwise, the LAA node will perform channel sensing on the following candidate LAA discovery signal occasions and try to catch the clear channel at least once within the periodicity. 
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Figure 1: Possible scheme for the opportunistic LAA DRS transmission
Proposal 1: It is suggested that the DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC. If short LBT is applied, the starting position of DRS is not necessarily be limited to be subframe boundary.
Proposal 2: For DRS subjected to LBT, it is suggested to allow DRS transmissions outside of the configured DMTC. The other candidate DRS occasions outside DMTC should be well studied to save the power of UE for detection of DRS. 
2.2 DRS signal design for LAA
Following the DRS designed in Rel-12 for small cells is a good starting point for the DRS design for LAA. In Rel-12, the DRS is composited of PSS/SSS, CRS and configured CSI-RS, for the possible purposes of coarse time/frequency synchronization, cell/transmission point identification, RSRP and received signal quality (RSRQ) measurements [7]. 
The transmission of Rel-12 DRS cannot ensure continuous transmission in the subframe(s), i.e., DRS cannot utilize all OFDM symbols in the subframe(s) when the DRS is not transmitted together with PDSCH transmission. If the Rel-12 DRS is reused without any modification, adjacent LAA nodes or Wi-Fi nodes may have chance to sense and catch the idle channel on the those OFDM symbols that are not utilized by the DRS, which will interrupt LAA DRS transmission. Therefore, it is suggested that LAA DRS span over contiguous OFDM symbols in the DRS occasion. From the view of minimizing the specification impacts, it is suggested to reuse the legacy RS as much as possible, e.g., PSS/SSS, CRS ports, configured CSI-RS, to occupy the vacant OFDM symbols in DRS subframes.
The newly inserted RSs can be well designed to allow the UE to be able to detect the presence of DRS from a cell based on a single DRS occasion. For example, more PSS/SSS signals could be inserted in the vacant OFDM symbols to increase the probability of DRS detection. Besides, the DRS can also be enhanced to support CSI measurement. For example, more CRS ports and more NZP CSI-RS ports and CSI-IM can be included. Fig. 2 provide two examples for such design.
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(a) Scheme 1: More RSs could be introduced to occupy the vacant OFDM symbols in LAA DRS subframes.
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(a) Scheme 2: More RSs could be introduced occupy the vacant OFDM symbols in LAA DRS subframes.
Figure 2: Possible design for LAA DRS signals
Proposal 3: For design of transmission of LAA DRS over contiguous OFDM symbols, it is suggested to multiplex existing RS to occupy as many as OFDM symbols. e.g., PSS/SSS, CRS ports, configured CSI-RS, etc. To allow the UE to be able to detect the presence of DRS from a cell based on a single DRS occasion, more PSS and SSS may need to be introduced. 
According to the analysis in Section 2.1, if the DRS can be started to transmit in the fractional subframe, two possible transmission solutions of DRS can be considered:
· Option 1: Truncating the front part of LAA DRS pattern in the fractional subframe. The LAA DRS pattern follows the design of 1ms duration, and truncate the front part of the DRS signals if the channel CCA is busy. 
· Option 2: Shifting the LAA DRS pattern in the fractional subframe according to the CCA timing. The LAA DRS pattern follows the design of 1ms duration, and shift several OFDM symbols for the DRS pattern to the beginning of fractional subframe transmission. 
Proposal 4: LAA DRS design is suggested to enable the DRS be started to transmit in the fractional subframe by truncating or shifting the pattern of DRS according to the starting position.
3. Conclusions 
In this contribution, we present considerations on the LAA DRS transmission mechanisms, including SCS based DRS transmission, and LBT based DRS transmission, and the issue of discontinuous transmission of discovery signals as well as possible DRS signal design for LAA is also addressed. It is proposed that:
Proposal 1: It is suggested that the DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC. If short LBT is applied, the starting position of DRS is not necessarily be limited to be subframe boundary.

Proposal 2: For DRS subjected to LBT, it is suggested to allow DRS transmissions outside of the configured DMTC. The other candidate DRS occasions outside DMTC should be well studied to save the power of UE for detection of DRS. 
Proposal 3: For design of transmission of LAA DRS over contiguous OFDM symbols, it is suggested to multiplex existing RS to occupy as many as OFDM symbols. e.g., PSS/SSS, CRS ports, configured CSI-RS, etc. To allow the UE to be able to detect the presence of DRS from a cell based on a single DRS occasion, more PSS and SSS may need to be introduced. 
Proposal 4: LAA DRS design is suggested to enable the DRS be started to transmit in the fractional subframe by truncating or shifting the pattern of DRS according to the starting position.
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