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1. Introduction
In RAN1 LAA ad hoc meeting, some DRS design principles on the unlicensed band using LTE have been agreed as follows [1], where DRS transmission subjected to LBT is considered as a possible solution:
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In this contribution, we further analyze solutions of discovery signal transmission for LAA, especially for opportunistic discovery signal transmission and measurement mechanisms, as well as the possible design of consecutive transmission of LAA DRS on the unlicensed carriers.
2. Transmission solutions of discovery signals for LAA 
2.1 Transmission and measurement mechanisms

To simplify the design of discovery signal transmission on unlicensed carriers for LAA, 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.

For the discovery signal transmission on unlicensed carriers for LAA, two kinds of solutions for LAA discovery signal transmission design could be considered. The first one is Short Control Signalling (SCS) based discovery signal transmission [2], which can ensure the periodic transmission of DRS as in Rel-12, but cannot ensure the well co-existence. Another is Listen Before Talk (LBT) based discovery signal transmission, which cannot guarantee the periodic transmission of DRS in Rel-12, while can ensure the well co-existence performance. In the following, we further analyze the benefits as well as shortcomings of these two solutions. 
· Alternative 1: SCS based discovery signal transmission
In the European requirements for RLAN [3], Short Control Signalling (SCS) has been defined so that some management and control frames (e.g., ACK/NACK signals) can be transmitted without sensing the unlicensed carriers. For the SCS based discovery signal solution, the LAA discovery signal is always transmitted within the SCS duration, which can ensure the periodic DRS transmission and inherit the Rel-12 DRS design and UE measurement configuration as much as possible. However, it has several issues to be solved:

· Regulations in some regions forbid such periodic transmission on unlicensed carriers without carrier sensing at least in some regions. For example, in Japan, the LBT is required mandatorily even for low duration transmission, which means SCS based discovery signal transmission is not allowed. 
· The SCS based discovery signal transmission shall have a maximum duty cycle of 5% within an observation period of 50 ms, which might bring additional overhead.
· At the scenarios of LAA and WIFI coexistence, obligatory transmission of LAA discovery signal in the SCS signalling might cause collision with other LAA nodes or WIFI nodes, and thus will bring severe interference to each other and then degrade the coexistence performance.
Due to above issues, especially the regulation restriction, this solution should be with low priority for LAA discovery signal design.
· Alternative 2: LBT based discovery signal transmission
For the LBT based discovery signal solution on unlicensed carriers, the transmission of LAA discovery signal should be based on the results of channel sensing. In that case, collision and interference among LAA nodes and WIFI nodes could be avoided effectively, and it can satisfy the regional regulation restriction as well. For LBT based discovery signal solution, the periodic transmission manner alike Rel-12 DRS cannot be ensured, which will lead to the following several issues:
· The channel CCA is required even for very low duration transmission, i.e., at some periodic DRS occasion configured, discovery signal cannot be transmitted due to the CCA (Clear Channel Assessment) busy, which means that LBT based discovery signal transmission cannot ensure the effective transmission opportunities. 
· At each DRS occasion, unlike the Rel-12 DRS, whose duration can be in the range of 1 and N consecutive subframes and the maximum value of N is 5, LAA discovery signal cannot ensure all of N=5 consecutive subframes are available, if the maximum transmission duration is limited to be less than 5ms. For example, the maximum transmission duration is limited to 4ms in Japan.
· If LBT is required for the discovery signal transmission, 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. 
As the agreements in LAA ad hoc meeting, DRS design should allow DRS transmission on an LAA SCell to be subject to LBT, and it is allowed that the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. So that in order to satisfy the regulation restriction and avoid transmission collision with nearby WI-FI or other LAA nodes, it is highly suggested to transmit discovery signal on unlicensed carriers for LAA following LBT. Nonetheless, the LBT will make the transmission of discovery signal in an opportunistic manner [4-6]. Then the opportunistic discovery signal transmission and measurement mechanisms should be well studied to ensure the performance requirements as well as minimizing specification impacts.
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Figure 1: Possible scheme for the opportunistic LAA DRS transmission
Figure 1 presents one possible scheme for the opportunistic LAA DRS transmission, where multiple candidate LAA discovery signal occasions with a short interval 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 signal 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. 
Proposal 1: Due to the regulation restriction of different regions and to avoid transmission collision with nearby Wi-Fi or other LAA nodes, discovery signals on unlicensed carriers for LAA should be transmitted subjected to LBT.
Proposal 2: For discovery signal transmission subjected to LBT, the opportunistic discovery signal transmission and measurement mechanisms on the unlicensed carriers should be well studied to ensure the performance requirements as well as minimize specification impacts. 
2.2 DRS signal design for LAA
Following the DRS designed in Rel-12 for small cell is a good starting point for the DRS signal design for LAA. In Rel-12, the DRS is composited of PSS/SSS, CRS and configured CSI-RS. The transmission of Rel-12 can not ensure continuous transmission in the subframe(s) that used for DRS, i.e., DRS can not utilize all OFDM symbols in the subframe. 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 preferred that LAA DRS should span over contiguous OFDM symbols in the DRS occasion. The following alternatives may be considered for the DRS enhancement:
· Alt1: Design new consecutive discovery reference signals cross the whole DRS transmission subframes.  
· Alt2: Transmit some newly designed signals on the idle OFDM symbols in the DRS transmission subframe.
· Alt3: Adding other RSs that are design in the current specification to occupy as many as OFDM symbols. e.g., more CRS ports, PRS, DMRS, etc. If there are still some OFDM symbols lefted without any RS occupation, some newly designed signals can be considered.
Proposal 3: Design of consecutive transmission of LAA DRS over contiguous OFDM symbols should be further studied. The following three schemes can be considered,  
1) Design new consecutive discovery reference signals cross the whole DRS transmission subframes.
2) Transmit some newly designed signals on the idle OFDM symbols in the DRS transmission subframe.

3) Adding other RSs that are design in the current specification to occupy as many as OFDM symbols. If there are still some OFDM symbols left without any RS occupation, some newly designed signals can be considered.

3. Conclusions 

In this contribution, we present some considerations on the LAA discovery signal design, including SCS based DRS transmission, and LBT based DRS transmission, and then analyze the issue of discontinuous transmission of discovery signals as well as possible solutions. It is proposed that:
Proposal 1: Due to the regulation restriction of different regions and to avoid transmission collision with nearby Wi-Fi or other LAA nodes, discovery signals on unlicensed carriers for LAA should be transmitted subjected to LBT.
Proposal 2: For discovery signal transmission subjected to LBT, the opportunistic discovery signal transmission and measurement mechanisms on the unlicensed carriers should be well studied to ensure the performance requirements as well as minimize specification impacts. 
Proposal 3: Design of consecutive transmission of LAA DRS over contiguous OFDM symbols should be further studied. The following three schemes can be considered,  
1) Design new consecutive discovery reference signals cross the whole DRS transmission subframes.
2) Transmit some newly designed signals on the idle OFDM symbols in the DRS transmission subframe.

3) Adding other RSs that are design in the current specification to occupy as many as OFDM symbols. If there are still some OFDM symbols left without any RS occupation, some newly designed signals can be considered.
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Agreements:


DRS design should allow DRS transmission on an LAA SCell to be subject to LBT


Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS


Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC


Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds


Modifications to Rel-12 DMTC configuration are FFS


Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC








