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1 Introduction
In 3GPP RAN1 Ad-hoc meeting, some agreements for RRM measurement and discovery signal design were reached as follows [1],

Agreements:
· Consider RRM enhancements, including RSSI measurement and reports
· FFS: RRM measurement based on a single DRS occasion
Agreements:
· Design targets of LAA DRS includes at least
· LAA DRS should at least support for RRM measurement
· Detection of DRS from a cell based on a single DRS occasion

· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols

· FFS: How to realize contiguous OFDM symbol transmission 
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
From the discussion of previous RAN1 meetings and above agreements, it is clear that the existing Rel-12 DRS needs to be enhanced to match specific requirements of unlicensed spectrum for LAA. In this contribution, we present PHY-layer options of RRM measurement and LAA DRS design, and share our views for each option.
2 Synchronization and RRM measurement
· Synchronization

Cell discovery and time/frequency synchronization are fundamental functions of LTE. Legacy Rel-8~11 UEs rely on always-on PSS/SSS and CRS to identify cells and keep tracking of the time/frequency fluctuation. For Rel-12 UEs, discovery signal are designed for cell discovery and RRM measurement, which might include PSS/SSS, CRS and possibly CSI-RS. Discovery signal for the small cells is transmitted with longer period despite the cell status, so that nearby UEs can discover the small cell and keep T/F synchronization with discovery signal.

For LAA, SCell synchronization relying on PCell assistance is not reliable due to the potentially large frequency gap between PCell and SCell. Therefore, SCell should perform independent synchronization based on its own measurement signal. As agreed in previous meetings, DRS can be the starting point for SCell to perform synchronization and measurement. But periodical DRS transmission with LBT/CCA cannot be always guaranteed. We should increase DRS transmission opportunities to meet requirements for SCell synchronization and measurement, which is discussed in section 3.
· RRM measurement
LAA RRM measurement may be categorized into two phases based on the measured time duration: measurement in non-occupancy duration and measurement in occupancy duration. In general, measurement in non-occupancy duration is beneficial for RRM. However, there might be an over-estimation issue for the measurement of RSSI. The RSSI measurement in non-occupancy duration includes all interferences on the frequency layer, while some of the interference would not exist after the LAA eNB acquires the channel due to the LBT regulation. 
Similar issue to RSSI over-estimation was discussed in Rel-12 SCE WI. It is agreed that the over-estimation is dependent on the number of deployed small cells and the density of the discovery signal. The situation here is similar for LAA on unlicensed carrier. If the LAA nodes are sparsely deployed on unlicensed carriers, the over-estimation can be ignored; otherwise, the over-estimation issue should be taken into account. For instance, RSSI in occupancy duration and RSSI in non-occupancy duration can be measured independently. The RSSI in non-occupancy duration can be used to assess channel load and channel occupancy rate, while the RSSI in occupancy duration can be used to assess the LAA load for frequency reuse. 

Proposal 1: RSSI measurements with different channel occupancy states should be separated. Besides, RSSI over-estimation due to measurement in non-occupancy duration needs further study. 
3 Considerations on LAA DRS design
3.1 DRS transmission mode
Rel-12 DRS transmitted with low duty cycle can be the starting point for cell discovery and RRM measurement. However, due to the LBT/CCA regulation on unlicensed carrier, not all of periodic DRS occasions have opportunity to be transmitted. There are several options for LAA DRS transmission as following.
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Figure 1: Candidates for LAA DRS transmission (DMTC periodicity = 80 ms for baseline, Alt.1 and Alt.2)
· Alt.1: Transmission as Short Control Signaling (SCS)

SCS specified in ETSI [2] can be transmitted regardless of LBT/CCA requirements. The SCS transmission of adaptive equipment shall have a maximum duty cycle of 5% within an observation period of 50ms. Obviously, it’s straightforward and beneficial to utilize the way of SCS for LAA DRS transmission. With this option, Rel-12 small cell discovery procedure can be reused to its large extend and no additional UE detection complexity is introduced.
LAA DRS transmission as SCS is attractive because periodic DRS transmission can be maintained, as long as the LAA DRS transmitted as SCS can comply with the regulatory in order not to cause intolerable interference, e.g. with the configuration of 1 or 2ms duration and 40 or 80ms periodicity. However, the downside of DRS transmission as SCS is that the SCS is not a global regulatory case and DRS transmission as SCS may also have RSSI over-estimation problem. Nevertheless, we still think this option is a good candidate and should be further studied.
· Alt.2: Periodic opportunistic transmission subject to LBT/CCA 
In this option, LAA eNB schedules DRS at the pre-defined periodic occasions, but only indeed transmits the DRS if the LBT/CCA before each DRS occasion succeeds, and skips the DRS transmission if otherwise. As the presence of LAA DRS is not guaranteed, LAA UEs would blindly detect the DRS with certain probability of false/miss detection. It will be more reliable to use a carrier-specific indication transmitted from PCell in the common search space to indicate that the eNB is unable to acquire the channel and the DRS occasion cannot be sent. If receiving such indication from the PCell, UEs shall not detect DRS in the corresponding DMTC instance.
With this method, the behaviour at eNB side and at UE side is very similar to that of small cell. It is worth noting that, the opportunity for an LAA eNB to actually transmit LAA DRS highly dependents on the channel load. If the unlicensed channel has a low load, the LAA eNB can frequently get opportunities to send LAA DRS, and the measurement performance can be guaranteed. But if the unlicensed channel is highly loaded, the LAA eNB can hardly get enough opportunities to send LAA DRS to come up with sufficiently good measurements from UEs. There are three sub-options to increase opportunities for LAA DRS transmission, as shown in Figure 1,

· Alt.2a: LAA DRS transmission with single shorter periodicity 
Rel-12 DRS supports 40ms, 80ms or 160ms periodicity. Due to restriction of LBT/CCA, LAA DRS may not have opportunity to be sent in a long time if the periodicity is large. In general, the smaller DRS periodicity, the more opportunities for transmission. Rel-13 can limit the LAA DRS periodicity in 40ms or less, e.g. 20ms, to seek a trade-off between opportunities and the impacts to other competing equipments.  
· Alt.2b: LAA DRS transmission with double periodicities 
LAA DRS can be configured with double periodicity setting, including long and short periodicities. As illustrated in Figure 1, the DRS occasions over short periodicity are used to increase DRS transmission opportunities when the DRS transmission at long periodicity occasion fails. If DRS at long periodicity occasion is successfully transmitted, LAA eNB can skip the following short periodicity occasions until the next long periodicity occasion. 
· Alt.2c: LAA DRS transmission within DRS transmission window
In this sub-option, LAA eNB attempts to transmit DRS in a DRS transmission window in every DMTC period. If DRS transmission at first DRS occasion predefined by DMTC fails due to busy channel, LAA eNB can continue to perform CCA and try to send DRS before the window expires. If CCA succeeds in DRS window, LAA eNB can send DRS according to symbol alignment, subframe alignment or frame alignment. Reservation signal can be transmitted between the time when the channel is available and the time eNB starts to transmit DRS at aligned time instance. 
· Alt.3: Aperiodic transmission subject to LBT/CCA
The aperiodic DRS transmission can be trigged whenever the channel is idle and whenever LAA eNB needs to transmit DRS at the occasions other than predefined, for example, when the periodic DRS occasions are dismissed for a long time due to busy channel. A carrier-specific indication should be sent to UEs to indicate the transmission. Accordingly, UEs should keep monitoring such dynamic signalling from PCell/SCell for the upcoming aperiodic DRS transmission. 
In summary, each of above three options for LAA DRS transmissions has its own pros and cons. Transmission as SCS is simplest although with interference over-estimation issue and regulatory limit. Periodic opportunistic transmission with DMTC can be considered as a unified solution, but the performance depends on the channel load. The aperiodic transmission with PCell/SCell signalling can be a good complementary at the cost of signalling overhead. Hence these DRS transmission options may need to be used jointly.

Proposal 2: Consider SCS transmission, periodic opportunistic transmission, aperiodic opportunistic transmission, or a combination from the three for LAA DRS. 
3.2 DRS pattern design
In addition to DRS transmission opportunity discussed in section 3.1, Rel-12 DRS pattern/configuration requires some enhancements as well due to specific characteristics of unlicensed spectrum. 
· DRS pattern design

As shown in Figure 2, Rel-12 DRS consisting of CRS and PSS/SSS (CSI-RS is configurable) occupies discontinuous symbols in a subframe. If such a DRS is transmitted under LBT, the channel can be acquired by other equipments during blank symbols. Therefore, LAA DRS pattern should be designed to occupy continuous symbols and reduce occupancy time. There are several ways to meet this design requirement.
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Figure 2: Rel-12 DRS pattern (FDD) if CSI-RS is not configured
One way is to pad these blank symbols with control information, dummy bits, or traffic data if there is a data packet for transmission. 

Another way is to transmit measurement RS, such as CRS, CSI-RS or PSS/SSS, in discontinuous symbols to meet or enhance measurement performance. 
The third way is to make LAA DRS contain only continuous symbols, e.g. to select continuous portion of Rel-12 DRS, i.e. symbols {4, 5, 6, 7} as shown in Figure 2, as LAA DRS. In addition, the LAA DRS occasion can be continuously repeated to improve measurement performance. If SCS is used for DRS transmission, this method will be more efficient as the total occupying time could be reduced to comply with the regulatory.
In addition to the time-domain modification, the PSS/SSS can be spread over beyond 6 RBs to fulfill the requirement of 80% bandwidth occupancy. 
Proposal 3: The portion of Rel-12 DRS with symbol continuity can be selected as LAA DRS.
· Single-shot detection and measurement
Due to the LBT/CCA operation, LAA DRS may not have opportunities to be sent during a relative long time. Therefore, single-shot detection and measurement based on LAA DRS is needed. However, the measurement accuracy relying on a single DRS pattern burst during a long time may not be good enough. So we propose that there can be multiple DRS pattern bursts that are contiguous in time domain to construct a single DRS occasion in every DMTC period.
Proposal 4: In every DMTC period, there can be multiple DRS pattern bursts that are contiguous to construct a single DRS occasion.
4 Conclusion 
In this contribution, we present PHY-layer options of RRM measurement and LAA DRS design, and have the following proposals:
Proposal 1: RSSI measurements with different channel occupancy states should be separated. Besides, RSSI over-estimation due to measurement in non-occupancy duration needs further study. 
Proposal 2: Consider SCS transmission, periodic opportunistic transmission, aperiodic opportunistic transmission, or a combination from the three for LAA DRS. 
Proposal 3: The portion of Rel-12 DRS with symbol continuity can be selected as LAA DRS.
Proposal 4: In every DMTC period, there can be multiple DRS pattern bursts that are contiguous to construct a single DRS occasion.
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