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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In 3GPP RAN1 #82bis meeting, some agreements related to LAA DRS design and transmission were reached as the follows [1].
Agreements:
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)
· DRS occasion duration is 12 symbols
· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us
· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)
· FFS: ED threshold used
In this contribution, we discuss the remaining issues of DRS LBT scheme, and give our system evaluation results to compare different LBT schemes for DRS.
2 DRS LBT schemes
For DRS with PDSCH, an LBT Cat 4 is used for DRS and PDSCH in the same DL burst. In this contribution, we focus on LBT for DRS only transmission.
LAA DRS occasion duration is 12 symbols, comprising symbol 0 to 11. So LBT CCA duration can be limited to symbol 12 and13. If according to the DRS pattern in a DMTC, subframe n is a DRS chance, then symbol 12 and13 in subframe n-1 can be DRS LBT CCA duration.
According to RAN1 #82bis agreement, a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us. Therefore LBT Cat 4 scheme with random back off is not suitable. We consider the following options for DRS LBT：
· Option 1: LBT Cat 2 as DRS LBT scheme;
· Option 2: enhanced LBT Cat 2 as DRS LBT scheme. 
· Option 2-1: e-Cat2 with fixed CCA duration, random CCA start location;
· Option 2-2: e-Cat2 with random CCA duration, fixed CCA start location.
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]In Option 1, a single CCA duration of 25 us which starts at the beginning of OFDM symbol 12 in subframe n-1 is used.
In Option 2-1, CCA duration is also 25 us. eNB performs LBT CCA within OFDM symbol 12 and 13 in subframe n-1. eNB randomly selects an offset in number of CCA durations as the start CCA position. Note that the offset will be limited to assure CCA is within the range of OFDM symbol 12 and 13 in subframe n-1.  
In Option 2-2, CCA duration is 25+k*CCA_slot, where k is a random integer within the range of [0 , N]. N is the maximum value to satisfy that 25+N*CCA_slot could not exceed the length of OFDM symbol 12 and 13.
For Option1, Cat 2 LBT has the benefits such as simple procedure, short sensing time and fixed position for CCA. However, LBT Cat 2 only performs one single CCA with fixed position. In one or multiple synchronization systems, all eNBs will perform the DRS CCA at the same duration. When the channel is idle, all of them will assume a clear channel and will transmit DRS burst at the same subframe boundary which results in DRS collision. In addition, asynchronization among sites or systems can cause unfairness in the LBT competition, since the timing difference caused by the asynchronization would causes one eNB always start the LBT later than some others and therefore may constantly lose in LBT competition with high possibility.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Both Option 2-1 and Option 2-2 can resolve these issues of Option 1 by providing some randomness.  In Option 2-1, the random start of CCA duration between multiple starting time instances, can potentially avoid DRS collision or can give eNBs a fair chance to transmit DRS in asynchronization condition. In Option 2-2, the random CCA duration time provides a similar effect. 
3 Evaluation methods and results
We have done system-level simulation according to the above options for DRS LBT. We modelled both PDSCH and DRS transmission and corresponding LBT for DRS only and PDSCH transmission. 
We configure DRS DMTC periodicity as 40 ms, and use Alt.2-b configuration [3], i.e. eNB attempts to transmit DRS only in a DRS transmission window inside each DMTC period, where DRS transmission window is set as 5 ms. We set subframe 0 to 4 in each DRS transmission window. Detailed simulation parameters are listed in the appendix.
For DRS LBT, if subframe n is in the DRS transmission window and eNB wants to transmit DRS in subframe n, the eNB needs to perform DRS LBT during OFDM symbol 12 and 13 of subframe n-1. For PDSCH LBT, if eNB wants to transmit PDSCH burst from subframe n, the eNB needs to perform PDSCH LBT from the beginning of subframe n.  In the case that both DRS and PDSCH need to be transmitted in subframe n, if subframe n is PDSCH burst’s first subframe, DRS LBT and PDSCH LBT are both performed respectively; otherwise, since subframe n is in the PDSCH burst’s consecutive occupation, no LBT would be required.
In our simulation, we focus on DRS detection performance of different DRS LBT schemes, where -6 dB is used as the DRS detection threshold. The percentage of UEs received DRS SINR >= -6 dB for different DRS LBT schemes under different PDSCH load are shown in Table 1 to 2 respectively. Note that, for each UE, the SINRs of three strongest LAA cells’ DRS are measured respectively.
Table 1 Medium load
	Medium load
	DRS LBT Option 1
	DRS LBT Option 2-1
	DRS LBT Option 2-2

	1st DRS SINR >= -6 dB
	70.15%
	88.30%
	84.90%

	2nd DRS SINR >= -6 dB
	22.20%
	61.50%
	61.40%

	3rd DRS SINR >= -6 dB
	2.45%
	36.60%
	44.05%


Table 2 High load
	High load
	DRS LBT Option 1
	DRS LBT Option 2-1
	DRS LBT Option 2-2

	1st DRS SINR >= -6 dB
	67.75%
	82.30%
	80.40%

	2nd DRS SINR >= -6 dB
	18.75%
	48.35%
	51.50%

	3rd DRS SINR >= -6 dB
	1.55%
	25.40%
	32.85%



The results clearly show that enhanced LBT Cat 2 (Option 2-1 and 2-2) for DRS improves the DRS detection performance. Not only does it allow UEs detecting more LAA cells, but also improve the received DRS SINR. Furthermore, this is effective for RRM measurement of the serving cell’s DRS and neighbour cells’ DRS.     
Proposal: The enhanced LBT Category 2 should be adopted for DRS without PDSCH.
4 [bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992]Conclusion 
In this contribution, we have presented our views on DRS LBT design. Based on the simulation results, we have the following proposal:
Proposal: The enhanced LBT Category 2 should be adopted for DRS without PDSCH.
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6 Appendix
Table 1: Simulation assumptions
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
 (
120 m
50 m
 
 
 
 
 
 
 
 
)



	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 

	Total BS TX power
	24dBm (Ptotal per carrier)
	24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells
Max total UE TX power per cell in licensed spectrum: 23dBm
Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	
3m

	Traffic model
	FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.
FTP model file size: 0.5 Mbytes.

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 
For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 
UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network is synchronized.
Asynchronous between different operators.

	Performance metrics
	· User perceived throughput (UPT)
· File throughput is calculated per file
· Unfinished files should be incorporated in the UPT calculation. 
· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).
· User throughput is the average of all its file throughputs
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)
· Latency CDF
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