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1 Introduction
During RAN1#80bis meeting, some agreements were reached as the following [1]:
· 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

Based on the agreements listed above, we further give our views on the design of DRS and initial signal.
2 DRS transmission
Rel-12 DRS transmitted with low duty cycle can be the starting point for LAA 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 listed below and illustrated in Figure 1:

· Alt 1: Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC.
· Alt 1-a: DRS transmission with the configured DMTC parameters specified in Rel-12.

· Alt 1-b: DRS transmission with single shorter periodicity.
· Alt 2: Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the DMTC.
· Alt 2-a: DRS transmission with double periodicities.
· Alt 2-b: DRS transmission within DRS transmission window.
· Alt 3: Subject to LBT, DRS can be transmitted aperiodically inside and outside of the configured DMTC. 

· Alt 4: Not subject to LBT, DRS can be transmitted as Short Control Signalling.
· Alt 5: A combination from above options.
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Figure 1 Candidates for LAA DRS transmission
The options Alt 2, Alt 3 and Alt 5 are explained here, while the other alternatives are straightforward and easy to understand.  The additional descriptions for these options can also be found in [3]. 
In Alt 2-a, LAA DRS can be configured with one long period as listed in DMTC periodicities plus one short period, with both periods defining the time positions within each DMTC as illustrated in Figure 1. The time positions over short period are used to increase DRS transmission opportunities when the DRS transmission at previous long periodicity occasion fails. If DRS at long periodicity occasion is successfully transmitted, LAA eNB can skip the following short periodicity occasions for CCA and DRS transmission until the next long periodicity occasion.
In Alt 2-b, LAA eNB attempts to transmit DRS in a DRS transmission window inside each 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, possibly with assistance of reservation signal. The number of different time positions in the DRS transmission window can be restricted in a window length. 
In Alt 3, 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 could be sent to UEs to indicate the transmission of aperiodic DRS. Such indication signalling can be sent from PCell or SCell and allows the LAA DRS to be transmitted even outside of the configured DMTC. 
It is our observations that each of above options for DRS transmission has its pros and cons. For example, DRS based on SCS in Alt 4 allows the maximum reuse of Rel-12 DRS and maintains the truly periodic transmission of DRS, while SCS mechanism may have interference over-estimation issue and may not be available in all countries; aperiodic DRS in Alt 3 provides the best transmission opportunity under LBT at the cost of additional signaling mechanism; multiple DRS opportunities per DMTC period as in Alt 2 benefits smaller signaling cost but still has the DRS opportunity restricted within limited number of instances. Hence the joint applications of these DRS transmission options, i.e., Alt 5, should not be precluded.  
Proposal 1: LAA DRS based on each, or a combination, of SCS, opportunistic transmission within the configured DMTC and aperiodic opportunistic transmission should not be excluded from LAA SI conclusion. 
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Figure 2 Rel-12 DRS pattern
Regarding to the LAA DRS pattern, it is the RAN1 agreement that the transmission burst containing DRS should consist of continuous OFDM symbols. To meet this design criterion and to reuse Rel-12 DRS as much as possible, the solution is to select the continuous portion of Rel-12 DRS on symbols {4, 5, 6, 7} as shown in Figure 2 for the 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 can be more efficient as the total occupying time could be reduced to comply with the regulatory. 
Proposal 2: The portion of Rel-12 DRS with continuous symbols can be selected as LAA DRS.
3 Initial signal transmission
It is our view that the initial signal should be able to provide functionalities of time/frequency synchronization, cell identification (may including operator information as well), channel reservation and AGC tuning. 
In order to fulfil the functions of synchronization and cell identification, it is natural to make the LAA DRS at least contain the PSS/SSS signal. Whether the PSS/SSS signal used in LAA DRS should be the same as Rel-8 PSS/SSS or different could be left to WI phase of LAA.  
An LAA node can transmit PSS/SSS on one or two integral symbols right after a successful CCA/eCCA check, in order to provide functions of AGC tuning, cell identification and T/F synchronization at the earliest chance before starting data transmission. In addition, the PSS/SSS can indicate the start of integral symbol to help UE start to receive the data that follows initial signal. As shown in Figure 3 for an example, if the LAA node has a successful CCA/eCCA check at the 3rd symbol of a subframe (symbol 2), the LAA node can transmit PSS/SSS on the 4th and 5th symbols (symbols 3 and 4) in the same subframe. 

While the Rel-8 PSS/SSS occupies only the central 6 RB, the PSS and/or SSS within the LAA initial signal can be extended in frequency domain as shown in Figure 3, in order to support the additional information such as operator identification or to help reserving the channel against the requirement of 80% bandwidth occupancy.

Proposal 3: The design of initial signal should allow following:
· The initial signal should at least include PSS or PSS/SSS, which may or may not be the same as Rel-8 PSS/SSS.
· LAA node should transmit PSS or PSS/SSS on the adjacent one or two integral symbols right after a successful CCA/eCCA check. 
· PSS/SSS included in initial signal can be extended beyond 6 RBs in the frequency domain. 
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Figure 3 An example for the initial signal on integral symbols
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Figure 4 Example of enhanced initial signal or enhanced DRS
Though the initial signal is usually considered to be transmitted right after successful CCA and before traffic data transmission, it is also worthwhile to study whether the same or similar signal can be embedded within DL data transmission burst. We call it enhanced initial signal or enhanced DRS to differentiate it from the ones transmitted before DL data burst. During the COT (TXOP) or in case of FBE based LBT, one or more idle subframes might occur due to load variation. When it happens, the enhanced initial signal or enhanced DRS can be transmitted in the idle subframes as shown in Figure 4. This enhanced initial signal may contain the structure of initial signal that is sent prior to DL data transmission; moreover, because the enhancement initial signal may need to cover the duration longer than two integral symbols, it may also include additional reference signals such as CRS/CSI-RS/PRS to help holding the channel and meanwhile to provide the CSI/RRM measurement references.

Proposal 4: Enhanced initial signal or enhanced DRS can be transmitted in data transmission burst within COT for the purposes of channel reservation and measurements.     
4 Conclusion
In this contribution, we discuss the DRS and initial signal, and conclude with the following proposals:
Proposal 1: LAA DRS based on each, or a combination, of SCS, opportunistic transmission within the configured DMTC and aperiodic opportunistic transmission should not be excluded from LAA SI conclusion. 
Proposal 2: The portion of Rel-12 DRS with continuous symbols can be selected as LAA DRS.
Proposal 3: The design of initial signal should allow following:
· The initial signal should at least include PSS or PSS/SSS, which may or may not be the same as Rel-8 PSS/SSS.
· LAA node should transmit PSS or PSS/SSS on the adjacent one or two integral symbols right after a successful CCA/eCCA check. 

· PSS/SSS included in initial signal can be extended beyond 6 RBs in the frequency domain.
Proposal 4: Enhanced initial signal or enhanced DRS can be transmitted in data transmission burst within COT for the purposes of channel reservation and measurements.
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