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1
Introduction
Some preliminary design details of the DRS including the LBT procedure to be used for DRS were discussed in the previous RAN1 meeting [1]. The relevant agreements are listed below.
· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

In addition, the following options were considered for evaluation:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
In this document, we discuss various aspects of DRS design and measurement performance. The following is a summary of the analysis that is provided in this paper:
Acquisition: An LAA cell can be acquired even with a low SINR of -6dB within a reasonable amount of time using a single DRS instance. With slightly higher SINRs where the UE is expected to benefit most from opportunistic offload onto LAA carriers, cell acquisition can be performed very quickly.
Measurements:  The requirements for RSRP measurement can be met even at -6dB SINR assuming relaxation of the existing requirements. Further results would be provided in an upcoming update to this contribution. 

2
DRS structure
2.1
Design Considerations
The Rel-12 discovery signal consists of PSS/SSS, one (or two) port CRS and possibly CSI-RS. The structure of the discovery signal including the location of PSS/SSS signals is also different for FDD and TDD carriers. The CRS may also be transmitted on several valid DL subframes to improve the quality of RRM measurements.
2.1.1
Resource occupancy

In the absence of data traffic, an eNB operating in the licensed spectrum transmits only the DRS signals and may choose to blank out the rest of the resources. However, in the unlicensed spectrum, such resource blanking may result in some other nodes occupying the medium due to the transmission gaps. Hence, for LAA the DRS signal should be transmitted contiguously without any gaps. 
2.1.2
TDD vs FDD structure for DRS
The DRS on FDD carriers spans one subframe and while the DRS on TDD carriers spans one additional OFDM symbol. To minimize the total time occupied by DRS transmissions, we propose to use the FDD structure with PSS and SSS in adjacent OFDM symbol subframes in a subframe for LAA carriers which support DL only transmissions and also DL and UL transmissions.
2.1.3
Transmission instances
Transmission of discovery signals outside the discovery window in an opportunistic manner may also be beneficial as the DRS transmission within the window is subject to LBT. This suggests that the DRS structure be compatible with the CRS transmission present in non-MBSFN DL subframes. 
2.1.4
PLMN ID signalling

When LAA nodes from multiple operators with different PLMN Ids are present within the sensing range of a UE searching for an LAA carrier or attempting to perform a RRM measurement, the UE must be able to distinguish the signals from these different operators even if they have the same cell id. Thus, we propose that DRS signals occurring within the discovery window also carry one or more PLMN Ids associated with the eNB to enable a UE to determine the operator corresponding to a detected cell. 
2.1.5
Narrowband vs. Wideband measurement

When operating in unlicensed spectrum, a UE may need to perform measurements from possibly asynchronous cells from the same operator or different operators. If a UE has to perform wideband measurements for RRM, then the UE either needs dedicated FFT engines for measurements to perform an asynchronous FFT or needs to be configured with measurement gaps for both intra-frequency and inter-frequency measurements. Taking these factors into account, we propose that RAN4 should make a decision on the measurement bandwidth for LAA RRM.   
2.2
Proposed DRS structure
To meet the design considerations discussed previously, we propose a DRS structure that is based on the DRS on LTE FDD carriers with additional enhancements described below.
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Figure 1:  Baseline DRS Structure: DRS on LTE FDD carriers

2.2.1 Salient Aspects of DRS Design

1. Similar to LTE FDD, CRS (one or two ports) is present on 0, 4, 7 and 11.

2. Similar to LTE FDD, PSS / SSS are present on symbol 6 and 5 respectively.

3. Similar to the feature in Rel-12 Small cell discovery, a CSI-RS signal may also be configured the eNB to at least to enable CSI-RS based PLMN ID determination/confirmation.
2.2.1.1 Simulation Results for Acquisition

Here, we present simulation results for the following scenarios:
· EPA channel: 3 km/h and 0.5 km/h

· Configurations: 1 PSS and 1 SSS
· Cell edge SINR of -6 dB is considered

· Periodic 5 ms separation is considered between DRS instances

	SINR = - 6 dB
	Total Acquisition time (msec), EPA 3 km/h
	Total Acquisition time (msec), EPA 0.5 km/h

	
	Mean
	10th Percentile
	Mean
	10th Percentile

	1 PSS, 1 SSS
	23.2
	65
	64.8
	225


Observation: An LAA cell can be acquired pretty quickly. While the effect of LBT is not modelled in the above simulations, it is expected for cells with can access the channel regularly (if not, such cells may not be useful from a UE perspective or do not contribute significantly to interference on the channel) can meet the cell acquisition requirements of hundreds of ms comfortably. 
2.3
Additional Aspects of DRS Design
Next, some resources in the DRS transmitted within the discovery window may be reserved for broadcasting one or more PLMN IDs to enable the UEs to determine which operator a certain cell belongs to. This may also be accomplished in part using CSI-RS signals by modifying the sequence generation procedure. However, indication of multiple PLMN IDs using CSI-RS scrambling would be very difficult to accomplish.
The rest of the time frequency resources in the DRS subframe within the discovery window may be unspecified. These resources would be used in future LAA systems, for example when LAA Scells can be added as part of the dual connectivity framework. 
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Conclusions 

In this document, we discussed the design considerations for DRS transmission on LAA SCells. We propose that the following
1. LAA DRS is similar to Rel-12 DRS on one subframe with CRS, PSS, and SSS. 
2. DRS may be opportunistically transmitted in fixed subframes outside the discovery window.
3. One or more PLMN IDs are signaled in the DRS.
4. The time-frequency resources in rest of the DRS subframe is left unspecified for future compatibility.
5. Narrowband measurement would meet reasonable requirements for one shot RSRP measurement for LAA
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