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1. Introduction
In the RAN1 ad-hoc meeting in Paris [1], following agreements were reached.  
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 
In this contribution, we propose some potential enhancements by extending the design of current Rel-12 DRS to fit the unlicensed band environment.
2. Extended DRS design
As the current Rel-12 DRS design is a starting point for the purpose of cell discovery and RRM on the unlicensed channels, likelihood of successful transmission of DRS with low duty cycle would be a desirable feature for LAA DRS.  To accommodate such design target in the above agreements we suggest to have the current design of DRS to be modified and have additional features.  In this section, we discuss potential solutions for designing the initial signal for DRS and transmission strategy in the unlicensed spectrum.
2.1. Design of initial for LTE-LAA DRS
The feasibility of a cell detection based on a single DRS occasion requires many problems to be solved.  One is to keep a high probability of transmitting DRS in configured DMTC occasions.  In order to access the shared channel with high probability, increasing the transmission opportunity in the unlicensed channel could be achieved by introducing a flexible length initial signal of two types.  The first initial signal type contains channel reservation, symbol synchronization, and broadcasting information parts, as shown in figure 1.  The second type of initial signal contains reservation signal only.  
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Figure 1 Structre of initial signal followed by DRS
2.1.1.  Channel reservation part
After LBT operation, a reservation signal can be transmitted to reserve the shared channel for DRS occasions.  The reservation signal itself can be of any signal design with flexible length, but one observation remains clear that the length of a reservation signal can be pre-determined with precise amount of time domain samples once eNB has confirmed to access the channel.  As discussed in [2], the OFDM symbol itself can be divided into 137 or 138 sequencial parts with integer signal samples for the 20MHz, 15MHz, 10MHz and 5MHz bandwidth cases, as shown in Figure 2.  The length of each sequence is a function of system bandwidth.
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Figure 2 Suggested granularity for reservation signal which can compose an OFDM symbol
2.1.2.  OFDM symbol synchronization part
The second component of the initial signal for LAA DRS is the symbol synchronization signal.  In the TR 36.889, extending the DRS transmission opportunity within or outside of the DMTC occasion is suggested.  When channel is busy during a configured DMTC occasion, the UE needs to detect the aperiodic DRS outside of DMTC occasion along with normal downlink transmission bursts sent from the serving SCell.   Thus, a special signal which indicates transmission of DRS is useful in such situations to ensure DRS detection reliability.  
As described in [3], we suggest interpolated Golay complementary sequences as a synchronization symbol, which indicates to UE that transmission of DRS has happened.  For example, we can utilize the fine symbol time field (FSTF) B, shown in figure 3 for various system bandwidths.  FSTF B serves as a component of initial signal to notify the UE that DRS has been transmitted, while an initial signal with FSTF A indicates normal downlink transmission burst which does not contain at least PSS/SSS.
The length of interpolated Golay complementary sequences are 256 and the overall length of FSTF depends on system bandwidth, as shown in figure 4.  One of the major benefit of employing FSTF is low implementation complexity of correlators with good autocorrelation property.
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Figure 3 Time domain figures of fine symbol time fields (FSTF) for use in various system bandwidths of 20MHz, 15MHz, 10MHz and 5MHz
2.1.3. Frame format indicator part
The last component of the initial signal for LAA DRS is the frame format indicator (FFI) which contains broadcasting information of the serving Scell.  In frequency domain, FFI is consisted of assigned resource elements that matches the pattern of 2 port CRS, as shown in figure 4.  The differences from normal CRS is that FFI contains information to be decoded, that is FFI is an unknown apriori.  Since each resource elements can have a unique signal phase, differential QPSK is used as a modulation scheme to represent bit information, which in example shown in figure 4 contains 38 bits, occupying 5 PRB bandwidth.  It can copied throughout the entire system bandwidth for exploiting frequency diversity. 
The frame format indicator within the initial signal is consisted of two identical OFDM symbols.  Due to time domain OFDM symbol repetition, the UE can re-track/estimate the lost carrier frequency offset (CFO) value caused by frequent discontinuous transmission in the unlicensed band.  Also, the FFI can be utilized for aiding channel estimation value on top of CRS or DM-RS if the UE successfully decodes the bit field, and thus confirms reference phases of each resource elements.  
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Figure 4 Frequency domain structure of frame format indicator
2.2. LAA DRS retransmission for failed transmission at DMTC periods
As LTE-LAA downlink design should meet the subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA, the starting point of DRS should be the subframe boundary of PCell.  However, this does not imply eNB transmission starting point with the initial signal be matched to the subframe boundary.  Figure 5 shows how initial signal can be transmitted before DRS without any modification to Rel-12 eNB transmission timing during DMTC occasions.  
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Figure 5 Basic timing of initial signal + DRS transmission by eNB related to CA
2.2.1. LAA DRS transmission attempt timing Alt. 1
As the strictly periodic transmission of DRS is not always possible in the unlicensed bands, the eNB can attempt transmission of DRS at every 5ms until the next DMTC period is reached, as shown in Alt. 1.  Thus, the DMTC occasion is moved to the next 5ms until eNB gains access to the shared unlicensed channel.  In effect, the reconfigured DMTC serves as an opportunistic measurement window for the UE. This scheme might increase the probability of successful DRS transmission.  However, the LBT operation is limited to the specified subframes (i.e. just before start of DRS), which is only 1/5 of the entire channel access time. 
There are some merits to Alt. 1 scheme.  This does not introduce any confusion to rate-matching issue at the UE side for the case when both DRS and PDSCH are transmitted by the serving cell in the unlicensed channel.  Since the UE keeps track of PSS/SSS transmission timing though PCell, the UE might successfully process PDSCH data without processing the PSS/SSS RPB region, while measurement for RRM can be done at the same time.  The number of hypotheses for possible PSS/SSS/CRS/CSI-RS locations is quite low, and the UE only needs to check every 5ms for detection of PSS/SSS/CRS/CSI-RS.  Therefore, the initial signal type 2 for Alt. 1 is sufficient for one-shot detection of DRS.  There is no need of FSTF, as the start of DRS occasion is known to UE. 
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Figure 6 DRS tranmission Alt. 1
2.2.2. LAA DRS transmission attempt timing Alt. 2
If the eNB is allowed to vary the starting point of DMTC occasion by subframe units, it would also increase the probability of successful DRS transmission even when many contending nodes exist in the shared unlicensed spectrum.  The drawback of Alt. 2 scheme is that the number of hypotheses increases exponentially with the number of DMTC window length for one-shot detection of DRS.  
In order to lower the processing burden to detect PSS/SSS/CRS/CSI-RS by the UE within the new DMTC occasion, we suggest to utilize initial signal of type 1 for DRS detection.  As correlating FSTF signal requires low complexity, the only barometer needed to monitor/detect is whether the correlation value for FSTF passed a threshold level or not for searching the starting point of the DRS occasion.  Plus, FFI would aid the validity of DRS detection by verifying whether the broadcast information is from the serving cell or not.
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Figure 7 DRS tranmission Alt. 2
3. Conclusion

In this contribution, we discussed some possible solutions for LAA cell discovery and RRM measurement by making modification to the current DRS signal design taking regulartory requirement into account.  

 The followings are our proposal: 

Proposal 1: For Alt. 1, initial signal with variable length reservation signal only is efficient choice for maximizing the probability of channel occupancy in the unlicensed spectrum.
Proposal 2: For Alt 2, a special synchronization signal within the initial signal transmission period would be beneficial for searching the starting time of DRS occasion.  The FSTF is a good candidate for such functionality in terms of complexity and performance perspective.
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