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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. During the LAA study item, the followings were agreed regarding DRS (discovery reference signal) for LAA DL [2]-[5].
Agreements (RAN1#79):
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
Agreements (RAN1 LAA ad hoc):
· 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 (RAN1#80bis):
· 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 (RAN1#80bis):
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in 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

Agreements (RAN1#81):
· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion

· Note that at least LAA carrier bandwidth below 5 MHz is not supported
Agreements (RAN1#81):
· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC

· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x << 1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges

· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH

In this contribution, we discuss the design target of DRS and suggest general design for DRS to satisfy the discussed DRS design target.
2. DRS design target
2.1. Target SINR
For the design of DRS for LAA, it is important to have a target SINR or target coverage of the DRS. Since performance requirements for Rel-12 small cell DRS are set up based on the minimum -6 dB SINR, same assumption could be considered for Rel-13 LAA.
Figure 1 shows CDF of received SINR of DRS under the simulation conditions following LAA system level evaluation in our companion contribution [6], where the detailed simulation assumptions are shown in Appendix. According to the agreement in RAN1#80bis, there are two alternatives for DRS transmission subject to LBT. In detail, LAA eNB transmits DRS in fixed time position within the configured DMTC for Alt.1 and it transmits DRS in one of different time positions within the configured DMTC for Alt.2. As shown in the figure, it can be expected that received SINR in most cases exceeds -6dB under the simulation condition. Therefore, -6dB SINR can be considered as baseline assumption for DRS design target in LAA.
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Figure 1. CDF of received SINR of DRS
Suggestion 1: Baseline assumption of target minimum SINR for DRS design is -6 dB
2.2. Time synchronization
Since Rel-13 LAA standardization targets network deployment scenarios same as Rel-12 CA scenarios, UE should achieve DL time synchronization by configured LAA SCell’s DRS with 30.26 us maximum timing uncertainty with configured PCell.
On the other hand, UE may have to detect neighbour cell’s DRS in order to report neighbour cell’s RSRP to the network to help LAA SCell configuration/de-configuration. If neighbour cell DRS of asynchronous network or DRS of other operator’s network should be detected, UE should be able to achieve DL time synchronization by DRS without any pre-knowledge on the DRS reception timing. Therefore, it should be decided first whether the DRS design should target detection in the fully time-asynchronous situation.
Suggestion 2: DRS design target should assume at least 30.26 us maximum reception timing uncertainty

2.3. Frequency offset
Under the current requirements on the DL carrier frequency accuracy, maximum frequency offset on an unlicensed carrier cell would be 3 kHz (e.g., 0.6ppm over 5GHz center frequency) assuming HeNB network deployments for both licensed carrier cell and unlicensed carrier cell [7]. Therefore, DRS design should support at least course frequency tracking with maximum 3 kHz frequency offset.
Suggestion 3: DRS design target should assume 3 kHz maximum frequency offset

2.4. Information on DRS
There can be some information which may be useful to be carried by DRS. However, minimum information which should be carried by DRS should be LAA SCell physical ID.
Suggestion 4: DRS should be able to identify physical ID of LAA SCell
3. DRS design
For the efficient progress and to avoid divergent specifications, Rel-12 DRS design should be reused as much as possible for the DRS design in LAA.
In general, LAA DRS design target can be achieved by repeating DRS subframes depending on the target requirements. On the other hand, it can be considered to satisfy target requirements with a short DRS occasion (e.g., within 1ms subframe). Especially considering bandwidth of an LAA SCell should be equal or larger than 5 MHz, Rel-12 DRS can be modified to exploit eNB’s transmit power over full system bandwidth larger than center 6 RBs as follows.
· PSS/SSS in an OFDM symbol can be repeated over frequency domain

· Subcarrier spacing of PSS/SSS in an OFDM symbol can be enlarged
Furthermore, more CRS/CSI-RS symbols can be transmitted in a subframe as follows:

· Transmitting CRS/CSI-RS over more OFDM symbols in a subframe

· Transmitting CRS/CSI-RS over more REs in an OFDM symbol

Suggestion 5: DRS design in LAA should reuse Rel-12 DRS design as much as possible
Suggestion 6: If enhancement to Rel-12 DRS is necessary to satisfy DRS design target in LAA, the followings can be considered

· PSS/SSS in an OFDM symbol can be repeated over frequency domain

· Subcarrier spacing of PSS/SSS in an OFDM symbol can be enlarged

· Transmitting CRS/CSI-RS over more OFDM symbols in a subframe

· Transmitting CRS/CSI-RS over more REs in an OFDM symbol

4. LBT for DRS transmission
When we compare two alternatives for DRS transmission, Alt.1 has the advantage of simplicity but transmission opportunity of Alt.1 can be smaller than that of Alt.2. On the other hand, eNB can get more chances to transmit DRS by applying Alt.2 but Alt.2 can make complex to implement. Since UE may have to blindly detect DRS in multiple occasions within the configured DMTC, the detection performance of DRS can be decreased. Moreover, when DRS is multiplexed with DL TX burst, UE may be difficult to know whether DRS is multiplexed or not. In order to resolve this problem, eNB may indicate whether puncturing (or rate matching) of DL TX burst is performed or not by scheduling (E)PDCCH or perform puncturing (or rate matching) of DL TX burst in all time positions where DRS can be transmitted.
We provide system level simulation results comparing two alternatives for DRS transmission. We assumed that DMTC period is 40 ms and DMTC duration is 6 ms. We also assumed that DRS can be transmitted at the first subframe within the configured DMTC in Alt.1 and transmitted at one of the five subframes within the configured DMTC in Alt.2. We applied the LBT procedure for DRS transmission based on the agreement in RAN1#81 and detailed simulation assumptions are shown in Appendix and our companion contribution [6].
Figure 2 shows the average UPT performance with respect to packet arrival rate. We can observe that both LAA and WiFi performance degrade if LAA transmits DRS because short-term interference incurred by DRS transmission affects WiFi performance. Figure 3 shows DRS transmission probability with respect to traffic load and transmitted time position. We can observe that the DRS transmission probability of Alt.2 is much higher than that of Alt.1 as we expected. We can also observe that in Alt.2, most DRS transmissions are occurred in the first subframe within the configured DMTC and the probability that DRS is transmitted in the first subframe decreases as traffic load increases.
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Figure 2. Average UPT with respect to packet arrival rate
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Figure 3. DRS transmission probability (a) with respect to traffic load and (b) with respect to time position transmitted within configured DMTC

5. Further issues
5.1. Supporting frequency reuse 1
To support detection of DRS from multiple cells in a same DMTC window, simultaneous transmission of DRS from multiple neighbour cells should be supported. To achieve frequency reuse factor 1, modification of LBT operation for DRS transmission can be considered as follows.
· Option 1) A known signal is transmitted before DRS transmission and eNB exclude the detected known signal from the energy detection for CCA

· Option 2) Energy detection for DRS transmission is performed over a restricted frequency resource where the frequency resources are exclusively assigned between neighbour eNBs.

Figures 4 and 5 show the average UPT and DRS transmission probability assuming that frequency reuse 1 is supported by using Option 1 or Option 2. We can observe that if frequency reuse 1 is supported for DRS transmission, DRS transmission probability increases over 10 % with marginal system throughput degradation
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Figure 4. Performance of Alt.1 and Alt.1 with frequency reuse: (a) Average UPT and (b) DRS transmission probability
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Figure 5. Performance of Alt.2 and Alt.2 with frequency reuse: (a) Average UPT and (b) DRS transmission probability

Suggestion 7: Methods of supporting frequency reuse 1 for DRS should be considered
5.2. Sustained unfairness
If DRS transmission timing between neighbour cells are synchronized with a certain timing offset, DRS transmission from a cell may be always blocked by preceding DRS transmission from another cell due to LBT operation, which we call “sustained unfairness problem” [8]. Sustained unfairness problem between DRS from neighbour cells may be resolved if the network detects problem in DRS transmission and reconfigure the DMTC and/or DRS occasions in the network. However, DRS reconfiguration may not be easy once the network is already operating in a synchronized manner. Several methods can be considered to handle the sustained unfairness problem of DRS transmission between neighbour cells.
· Option 1) Applying random pattern in DMTC appearance or DRS occasion appearance between neighbour cells

· Option 2) Allowing LBT-exempt DRS transmission

Suggestion 8: Methods of handling potential sustained unfairness problem for DRS should be considered
6. Summary and conclusions

In this contribution, we discussed the design target of DRS and suggested general design for DRS to satisfy the discussed DRS design target. The suggestions of this contribution are summarized as follows.
Suggestion 1: Baseline assumption of target minimum SINR for DRS design is -6 dB
Suggestion 2: DRS design target should assume at least 30.26 us maximum reception timing uncertainty

Suggestion 3: DRS design target should assume 3 kHz maximum frequency offset

Suggestion 4: DRS should be able to identify physical ID of LAA SCell

Suggestion 5: DRS design in LAA should reuse Rel-12 DRS design as much as possible
Suggestion 6: If enhancement to Rel-12 DRS is necessary to satisfy DRS design target in LAA, the followings can be considered

· PSS/SSS in an OFDM symbol can be repeated over frequency domain

· Subcarrier spacing of PSS/SSS in an OFDM symbol can be enlarged

· Transmitting CRS/CSI-RS over more OFDM symbols in a subframe

· Transmitting CRS/CSI-RS over more REs in an OFDM symbol

Suggestion 7: Methods of supporting frequency reuse 1 for DRS should be considered

Suggestion 8: Methods of handling potential sustained unfairness problem for DRS should be considered
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8. Appendix
	
	Assumptions for DRS simulation (Indoor)

	DMTC period
	40 ms

	DMTC duration
	6 ms

	DRS length
	11 OFDM symbols

	Total sensing period
	24 us

	One sensing interval
	24 us
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