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1. Introduction
In RAN1 # 79 meeting, additional functionalities on the unlicensed band using LTE are agreed as follows [1], and Rel-12 discovery reference signal (DRS) has been decided as the starting point for at least RRM measurement including cell identification:
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Based on above agreements, some LAA discovery and RRM measurement mechanisms were discussed in RAN1 # 80 meeting [2]. In this contribution, we present considerations on the functionalities of discovery signal, and analyze possible solutions for discovery signal transmission on unlicensed carriers. 
2. Discussion on functionalities of discovery signal for LAA
From LAA operation point of view, it was agreed that some basic functionalities need to be supported on the unlicensed carriers, including cell identification, coarse synchronization, RRM measurement, channel as well as interference measurement, demodulation, and so on. Whether these LAA functionalities can be supported by Rel-12 DRS needs to be investigated.
The Rel-12 DRS is constituted by a set of signals, which include PSS, SSS, the discontinuous CRS and the configurable CSI-RS, where cell identification and coarse synchronization could be done by PSS and SSS, the discontinuous CRS is reserved at least for synchronous tracking, and RRM measurement, i.e., channel measurement or interference measurement, could be done by CRS and the configured CSI-RS. About RS pattern, Rel-12 DRS occasion is transmitted in a periodic way [3], 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.
Regarding to the design of discovery signal transmission on unlicensed carriers in Rel-13, it should at least support the functionalities of cell identification and RRM measurement, so as to enable the UE identify different cells and perform RRM measurement for reporting. Whether the other functionalities, such as coarse synchronization, CSI measurement and carrier selection, need to be supported by discovery signal on unlicensed carriers should be further discussed. 
· Coarse synchronization

· There are mainly two ways for coarse synchronization. One way is to achieve coarse synchronization based on the discovery signal transmitted on unlicensed carriers, which can inherent the synchronization mechanism of DRS in Rel-12 by incorporating PSS in the discovery signal. Another way is to obtain the coarse synchronization from the Pcell on licensed carriers. Whether the coarse synchronization obtained from Pcell can satisfy coarse synchronization requirements in LAA should be considered and evaluated. If the requirement can not be satisfied, the PSS should be transmitted on unlicensed carriers as part of discovery signal.
· CSI measurement
· The CSI measurement on unlicensed carrier, including channel and interference, can help the UE and eNB to obtain the signal power and interference power conditions. This is benefit for eNB and UE to perform carrier selection and can potentially solve the hidden node problem if the measured CSI can be reported from UE to eNB. Nonetheless, whether such function should be and can be supported by discovery signal on unlicensed carrier needs careful study and evaluation. 
· Carrier selection

· To avoid mutual interference of different nearby nodes, carrier selection can be applied for better co-existence. As discussed in [4], carrier selection based on signal detection could be applied for eNB to choose a clean carrier. Whether the signal detection is done based on the discovery signal on unlicensed carrier can be further discussed.
Proposal 1: The discovery signal of LAA should at least support cell identification and RRM measurement. Whether it should support the functionalities of coarse synchronization, CSI measurement, including channel and interference, and carrier selection needs further discussion. 
3. Discussion on transmission solutions of discovery signal for LAA 
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. As stated in Section 2, Rel-12 DRS occasion is transmitted in a periodic way [3], 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 [5], which can ensure the periodic transmission of DRS in Rel-12, but can not ensure well co-existence. Another is Listen Before Talk (LBT) based discovery signal transmission, which can not guarantee the periodic transmission of DRS in Rel-12, while ensure the co-existence performance. In the following, we will analyze the benefits as well as shortcomings of the two solutions. 
· Alternative 1: SCS based discovery signal solution
In the European requirements for RLAN [6], Short Control Signaling (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:

· Regulation 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 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 solution
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 in Rel-12 DRE can not 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 CCA (Clear Channel Assessment) busy, which means 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 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 the UE RRM measurement accuracy without any other assistant signal transmission. 
To satisfy the regulation restriction and avoid transmission collision with nearby WI-FI or other LAA nodes, it is suggest to transmit discovery signal on unlicensed carriers for LAA following LBT scheme [7], which will make the transmission of discovery signal in opportunistic manner. Nonetheless, the opportunistic discovery signal transmission and measurement mechanisms should be well studied to ensure the performance requirements as well as minimizing specification impacts [8].
Figure 1 presents one possible scheme for the opportunistic or aperiodic LAA DRS transmission, where multiple candidate LAA discovery signal occasions with short interval are configurable during a relatively long LAA discovery signal periodicity, e.g., 160ms. During each periodicity, the LAA system 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 system 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 or aperiodic LAA DRS transmission
Proposal 2: Considering the regulation restriction of different regions and to avoid transmission collision with nearby WI-FI or other LAA nodes, the discovery signal on unlicensed carriers for LAA should be transmitted based LBT scheme.
Proposal 3: For LBT based discovery signal solution, the opportunistic discovery signal transmission and measurement mechanisms on the unlicensed carriers should be well studied to ensure the performance requirements as well as minimizing specification impacts. 
4. Conclusions 

In this contribution, we discussed the motivation of supporting LAA DRS transmission on the unlicensed band, and present some considerations on LAA DRS design, including SCS based, and LBT based DRS solutions. It is proposed that:
Proposal 1: The discovery signal of LAA should at least support cell identification and RRM measurement. Whether it should support the functionalities of coarse synchronization, CSI measurement, including channel and interference, and carrier selection needs further discussion. 
Proposal 2: Considering the regulation restriction of different regions and to avoid transmission collision with nearby WI-FI or other LAA nodes, the discovery signal on unlicensed carriers for LAA should be transmitted based LBT scheme.
Proposal 3: For LBT based discovery signal solution, the opportunistic discovery signal transmission and measurement mechanisms on the unlicensed carriers should be well studied to ensure the performance requirements as well as minimizing specification impacts. 
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Agreements:


Support at least the following functionalities in addition to the current LAA TR on the unlicensed band


RRM measurement including cell identification


AGC setting


Coarse synchronization


Fine frequency/time estimation for at least demodulation


CSI measurement, including channel and interference


Rel-12 DRS can be the starting point for at least RRM measurement including cell identification


The following functionalities are supported by legacy specifications and/or implementations


Transmit Power Control as per regulatory requirement


Dynamic frequency selection for radar avoidance at eNB in certain bands/regions


FFS: if the DFS for radar avoidance is needed to be supported in the UE











