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[bookmark: _Ref301342314]Introduction
DRS design proposals for LAA were discussed in [2]. In this paper, we present simulation results measuring detection performance of a subframe that is part of a DRS occasion. An important aspect of LAA DRS performance is the need to detect the presence or absence of DRS and perform measurements based on a single instance of the DRS. In contrast, Rel-12 DRS performance is based on the filtering the measured values from several occasions.
[bookmark: _Ref410305256]Simulation Description
In an LAA network operating in the unlicensed band, there is a mix of synchronous and asynchronous LAA cells as well as Wi-Fi “cells”, see Figure 1. The UE should be able to detect the serving LAA SCell using the DRS signal in the presence of interference. Although the LAA SCell performs LBT, interference will be present from nodes hidden from the SCell. Due to interference at the UE and due to the potential absence of the DRS (due to LBT failure), there will be a negative effect on UE cell search procedure and measurement performance. 


[bookmark: _Ref422926227]Figure 1: LAA UE Interference

The difficulties in detecting the LAA SCell come from the fact that the DRS signal is colliding with the DRS from the LAA neighbor cells, assuming the cells to be time synchronized, as well as other randomized interference from non-time aligned LAA neighbor cells, other UEs and various WiFi nodes. Some or all interference sources are hidden from the LAA SCell and hence LBT may not be effective.

In LAA, for performing measurements, the UE must first detect the presence or absence of the DRS. This detection performance is crucial to ensure that measurements are based on valid CRS signals. The test case for evaluations in this contribution is to perform cell detection on a periodic (subject to LBT) basis on the CRS signals present in a discovery signal. The cell has already been found and the timing is known. In the case of LAA, SCell timing is further aligned to a PCell operating in the licensed band. In the case of Rel-12 cell detection performance, which is the reference, accumulation and filtering over several CRS (in the DRS) occasions is possible while the requirement in LAA Rel-13 is for a one-shot cell detection on one DRS occasion. It is important to detect the cell first prior to adding the measurement results into the L1 and L3 filters in the UE. Interference from other cells and noise sources is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power. Since LAA is more likely to not be used in very high speed environments, the mobility can probably be restricted to EPA and EVA channel models with Doppler frequencies of 5 and 70 Hz. However, for completeness, these models as well as an ETU channel model with 70 Hz Doppler frequency are used for the simulations.
Evaluated DRS Configurations
The LAA cell detection is done as a one-shot measurement, and simulations are performed using measurement bandwidths of 5 MHz. For reference, Rel-12 cell detection performed over one subframe and five occasions (40 ms apart) is shown. Measurement bandwidth for Rel-12 is 1.4 MHz (6 RBs). The measurements are using CRS symbols on port 0 and port 1, assuming CRS on symbols 0, 4, 7, and 11 for “12-symbol LAA DRS”, assuming CRS on symbols 4, 7, and 11 for “8-symbol LAA DRS” and assuming CRS on symbols 4 and 7 for the “4-symbol LAA DRS”.
Table 1: Evaluated DRS Configurations
	Signal
	Measurement Bandwidth
(MHz)
	Periodicity
(ms)
	Initial Timing
	Signal Length used per DRS occasion
(OFDM)
	Filtering
	Ports
	CRS REs/RB/port
	Channel Occupancy @ 40ms periodicity
(%)

	Release 12
	1.4
	40
	Coarse
	12
	5 occasions
	1, 2
	8
	2.14

	LAA 12-symbol DRS
	5
	40
	Coarse
	12
	No
	1, 2
	8
	2.14

	LAA 8-symbol DRS
	5
	40
	Coarse
	8
	No
	1, 2
	6
	1.43

	LAA 4-symbol DRS
	5
	40
	Coarse
	4
	No
	1, 2
	4
	0.71



The simulations performed show the detection probability for two LAA DRS design proposals and for Rel-12 measured over multiple subframes respectively. The detection probability is simulated based on a SINR threshold to achieve 0.1% and 1% false detection respectively. To model residual frequency and time error remaining after time and frequency correction upon reception of each DRS occasion, a random frequency error and timing error is added. Residual frequency error is modeled as having normal distribution with standard deviation 100 Hz, and residual timing error is modeled as having normal distribution with standard deviation 0.3 us.
Detection probability results and discussion
Simulation results for detection are shown in Figure 2 - Figure 10. The graphs show detection probability for LAA 8-symbol DRS and LAA 12-symbol DRS (solid lines) along with detection based on the legacy Rel-12 DRS (dashed lines) shown for reference. Blue lines represent results for 1% false detection and red lines for 0.1% false detection.
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[bookmark: _Ref427139217]Figure 2 Detection probability LAA DRS compared to Rel-12 legacy, EPA5 channel, CRS symbols on port 0, 8-symbol DRS to the left and 12-symbol DRS to the right.

[image: ][image: ]
[bookmark: _Ref427139490]Figure 3 Detection probability LAA DRS compared to Rel-12 legacy, EPA5 channel, CRS symbols on port 0 and 1, 8-symbol DRS to the left and 12-symbol DRS to the right.
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[bookmark: _Ref430875806]Figure 4 Detection probability LAA DRS compared to Rel-12 legacy, EPA5 channel, CRS symbols on port 0 and port 1, 4-symbol DRS. 
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[bookmark: _Ref427139346]Figure 5 Detection probability LAA DRS compared to Rel-12 legacy, EVA70 channel, CRS symbols on port 0, 8-symbol DRS to the left and 12-symbol DRS to the right.
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[bookmark: _Ref427139387]Figure 6 Detection probability LAA DRS compared to Rel-12 legacy, EVA70 channel, CRS symbols on port 0 and 1, 8-symbol DRS to the left and 12-symbol DRS to the right.
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[bookmark: _Ref430875812]Figure 7 Detection probability LAA DRS compared to Rel-12 legacy, EVA70 channel, CRS symbols on port 0 and 1, 4-symbol DRS.
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[bookmark: _Ref430698492]Figure 8 Detection probability LAA DRS compared to Rel-12 legacy, ETU70 channel, CRS symbols on port 0, 8-symbol DRS to the left and 12-symbol DRS to the right.
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[bookmark: _Ref427139394]Figure 9 Detection probability LAA DRS compared to Rel-12 legacy, ETU70 channel, CRS symbols on port 0 and 1, 8-symbol DRS to the left and 12-symbol DRS to the right.
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[bookmark: _Ref430875629]Figure 10 Detection probability LAA DRS compared to Rel-12 legacy, ETU70 channel, CRS symbols on port 0 and 1, 4-symbol DRS.

The results show that detection probabilities greater than 90% and false detection probabilities smaller than 0.1% can be achieved at an SINR of -4 dB with a 5 MHz system bandwidth if CRS port 0 only in symbols 4, 7 and 11 is used to perform detection. If symbol 0 is also additionally used, then this performance can be achieved at -6 dB, see Figure 2, Figure 5 and Figure 8. It should be noted that this is the performance using only the CRS REs for CRS port 0. 
If the REs for CRS port 1 are added, the performance is improved, see Figure 3, Figure 6 and Figure 9. In this case, using the CRS only in symbols 4, 7 and 11 can also achieve detection probabilities much greater than 90% at a false alarm probability less than 0.1%. When the 4-symbol DRS using CRS only in symbols 4 and 7 is used, 1% false alarm probability allows detection probabilities greater than 90% but using a 0.1% false alarm probability does not. Other signals such as the CSI-RS and the additional CRS signals shown in the 8-symbol and 12-symbol length DRS designs in [2] could clearly be used to further improve performance. However, the 8-symbol DRS with CRS on port 0 is already on par with legacy performance and adding CRS on port 1 as well exceeds legacy performance in all cases. If only 2 symbols are used for detection, performance is below the legacy reference performance for all channels, see Figure 4, Figure 7, and Figure 10. This leads to the following observation.

Observation: Reliable detection of LAA DRS subject to LBT based on the CRS can be achieved with a DRS structure with 3 OFDM symbols of CRS or more containing one or two CRS ports.
Conclusions
Based on the simulation results shown in this contribution, we conclude that the DRS structure based on existing signals including the CRS proposed in [2], is sufficient to ensure adequate detection performance which is essential to providing the required RRM measurement performance. This is captured by the following observation.
Observation: Reliable detection of LAA DRS subject to LBT based on the CRS can be achieved with a DRS structure with 3 OFDM symbols of CRS or more containing one or two CRS ports .
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