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1. Introduction
In RAN1 #80bis meeting, the discontinuous transmission and initial/reservation signal design, RRM measurement and DRS design on the LAA Scells have been discussed and the following agreements were achieved, where DRS transmission subjected to LBT is considered as a possible solution [1]:
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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 LAA Scells.
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.

For the discovery signal transmission on LAA Scells, 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 discovery signal of LAA Scells 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 [4-5]. 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, 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. 
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 Measurement mechanisms

· DMTC configuration
For the DRS measurement in the coverage of LAA Scells, UEs should try to detect the opportunistic DRS transmission occasions within the DMTCs, and there may be two options for the DMTC configuration:
· Option 1: Explicitly indicated DMTC: All of DMTCs corresponding to the possible DRS transmission occasions are explicitly indicated to UEs by RRC signalling, including the first candidate DRS occasion and following candidate DRS occasions within the LAA DRS periodicity.
· Option 2: Combination of explicitly indicated DMTC and implicitly predefined DMTC: Only a part of DMTCs is explicitly indicated to UEs by RRC signalling, e.g., some DMTCs corresponding to the first candidate DRS occasion within each LAA DRS periodicity, however, it also allows other DRS transmissions outside of the indicated DMTC, where UE may measure these DRS transmission outside of the indicated DMTC by a predefined pattern.
· UE measurement
UEs in the LAA cells are not expected to measure LAA DRSs within all candidate DMTCs, since not all DMTCs correspond to available DRS transmission. For example, during each LAA DRS periodicity, UEs can first try to measure LAA DRSs at the first candidate occasion, and if the LAA DRS measurement is successful at this first candidate occasion, the next measurement can go to the next periodicity directly. Otherwise, the UEs can try to measure the LAA DRS again at the remaining candidate DMTCs in this periodicity (which may be indicated or predefined), where opportunistic LAA DRS transmission may happen. 
Proposal 3: For opportunistic LAA discovery signal transmission subject to LBT, UE measurement can be performed within the explicitly indicated DMTCs, or a combination of explicitly indicated DMTCs and implicitly predefined DMTCs.
2.3 DRS signal design for LAA
Following the DRS designed in Rel-12 for small cells 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, for the purposes of coarse time/frequency synchronization, cell/transmission point identification, RSRP and received signal quality (RSRQ) measurements [6]. 
It was observed in the last RAN1 meeting that UE physical layer cannot distinguish Rel-12 DRSs for cells that belong to different operators based on Rel-12 DRS alone. There are several possible solutions to allow UE to recognize DRSs from different operators. One solution is to broadcast the operator identifier information, e.g., PLMN, in DRS. Nonetheless, it requires the DRS to support functionality for demodulation, which needs careful study and evaluation whether it is possible to introduce the new functionality for DRS. Another solution is to implicated embedded the operator identifier information in the DRS sequence and pattern design, which does not require demodulation functionality of DRS. How to design DRS to enable UEs to distinguish operators should be careful studied.
Proposal 4:  How to design DRS to enable UEs to distinguish operators should be careful studied.
Another important issue is that, 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). 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. 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 5: 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 DRS transmission mechanisms, including SCS based DRS transmission, and LBT based DRS transmission, and discuss the DRS measurement mechanisms, such as explicitly indicated DMTC, or combination of explicitly indicated DMTC and implicitly predefined DMTC. 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: 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: For opportunistic LAA discovery signal transmission subject to LBT, UE measurement can be performed within the explicitly indicated DMTCs, or a combination of explicitly indicated DMTCs and implicitly predefined DMTCs.
Proposal 4:  How to design DRS to enable UEs to distinguish operators should be careful studied..

Proposal 5: 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:


It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s) 


serving cell’s DRS for RRM measurement


Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization


Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)


If there is an additional reference signal, this signal can be used


Note that Reference signals can be used at least for fine time/frequency synchronization


FFS: Other candidates (e.g., initial signal, DRS)


FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission�


FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13


It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells


FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst


Agreements:


Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in �HYPERLINK "../AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/tdocs/R1-151455.zip"��R1-151455�) 


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: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC


Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds


Note: The number of different time positions should be restricted


Note: One possibility is one time position in the subframe


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


Observation:


UE physical layer can not distinguish Rel-12 DRSs for cells that belong to different operators based on Rel-12 DRS alone














