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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In 3GPP RAN1 Session #80bis, the follow points are agreed for DRS transmission to support LBT in LAA.
· 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
In 3GPP RAN1 Session #81, the following points are further agreed for DRS design to support RRM measurement in LAA.
· 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
Based on the latest agreements, this paper discusses potential solutions for LAA DRS and evaluates the corresponding performance.
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To facilitate efficient operation of the following functionalities in LAA, periodic DRS transmission is beneficial.
· Carrier selection
· RRM measurement including cell identification
· Discontinuous transmission on a carrier with limited maximum transmission duration
However, in unlicensed spectrum, periodic transmission in fixed subframe(s) can’t be guaranteed due to the channel contention.  In addition, according to regulatory rules, it requires wideband transmission spanning over at least 80% of nominal channel bandwidth in unlicensed spectrum when the channel is obtained.  Therefore, enhancements on R12 DRS are needed.
2.1 Potential Issues in Release 12 DRS
In Release 12, DRS occasion can be transmitted with periodicity of 40/80/160 ms and the duration of a DRS occasion can be 1~5 ms for FDD and 2~5 ms for TDD.  Within each DRS occasion, CRS port 0 is transmitted in all downlink subframes and in DwPTS of all special subframes, PSS is transmitted in the first subframe for FDD or second subframe for TDD and SSS is transmitted in the first subframe.  Single-port NZP CSI-RS may be transmitted in a DRS occasion and corresponding configuration can be informed to a UE by higher-layer signaling.
However, Release 12 DRS can’t meet the regulation rule of wideband transmission and occupy the channel continuously within a DRS occasion.  In addition, Release 12 DRS supports fixed transmission timing only and doesn’t support LBT mechanism.  Therefore, certain enhancements are needed in the pilot pattern design and LBT support for channel contention.
2.2 LBT mechanism for DRS
Based on the latest agreements, two alternatives will be considered for the transmission of DRS within a DMTC window if LBT is applied to DRS.  Compared to Alt1, Alt2 can provide higher chance to transmit DRS within each DMTC window in some circumstances, which is very beneficial to UE’s time/frequency synchronization and RRM measurements for carrier selection.  However, Alt2 may introduce higher UE complexity due to blind detection of potential DRS transmission timing within a DMTC window.  With restricted number of different time positions, it could limit UE complexity for blind detection to a certain level though the tradeoff would be a decreased success rate of DRS transmission in each DMTC window.
If frame-based LBT is applied for DRS in Alt2, the time positions within a DMTC window can be fixed or configurable and UE can just perform blind detection at these time positions.  In addition, no fractional subframe transmission is needed for DRS.  However, the unfairness issue in frame-based LBT needs to be resolved.  There can be two potential solutions illustrated in Figure 1.  
· Option #1: Perform one CCA with randomized CCA time in a range of [0, CCAmax,SF] in one subframe, where CCAmax,SF is the maximal CCA time of one subframe
· Option #2: Perform one CCA with randomized CCA time in a range of [0, CCAmax] in one or multiple subframes, where CCAmax can be larger than the maximal CCA time of one subframe and adaptive to the traffic load
· The remaining CCA time can be performed in the CCA period in next subframe if the randomized CCA time is larger than CCAmax,SF
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Figure 1. Illustration of randomized CCA options for frame-based LBT.
For the case of low traffic load, both options can work well but Option #1 may not be able to improve the channel access fairness in the case of high traffic load.  Therefore, we would like to propose that frame-based LBT using Option #2 should be considered for DRS transmission.
Proposal #1: For DRS transmission, frame-based LBT with randomized CCA across one or multiple subframes should be considered.
2.3 Enhanced DRS design
A single occasion of Rel-12 DRS consists of a period with duration of one to five consecutive subframes for FDD and two to five consecutive subframes for TDD.  Within the occasion, Rel-12 DRS consists of CRS port 0 in all downlink subframes and DwPTS of all special subframes, PSS in the first subframe for FDD or the second subframe for TDD, SSS in the first subframe, NZP CSI-RS in zero or more subframes based on the RRC-layer configuration.
According to the regulatory requirements in unlicensed spectrum, each channel occupation requires frequency-domain spanning over at least 80% nominal channel bandwidth.  In addition, DRS transmission in consecutive OFDM symbols is necessary to maintain the channel access right within a DRS occasion in unlicensed spectrum.  There are several options to fulfill the requirements. 
Option #1: PSS/SSS/CRS in each subframe + network information block (NIB)
Figure 1 illustrates the design of option #1. Legacy CRS and PSS/SSS are used as the reference signals in an eDRS burst. Network information blocks (NIB) are inserted in the OFDM symbols in which there is no CRS or the OFDM symbols which contain PSS/SSS. With the insertion of NIB, the regulatory requirement of occupied bandwidth can be satisfied.  The NIB can carry 
· Network identification of the eNB ,
· LBT scheme,
· Detailed DL/UL LBT configurations,
· Channel access priority of the network.


[bookmark: _Ref427085326]Figure 1 PSS/SSS/CRS+NIB.
Option #2: PSS/SSS/CRS/PRS in each subframe + network information block (NIB)
Figure 2 illustrates the design of option #2. Legacy CRS, PRS and PSS/SSS are used as the reference signals in an eDRS burst. In 5th and 6th OFDM symbols, the central 6 RBs contain PSS/SSS and the other RBs contain RPS. NIBs are inserted in the OFDM symbols in which there is no CRS and PRS. With the insertion of NIB, the regulatory requirement of occupied bandwidth is satisfied.  


[bookmark: _Ref427085410]Figure 2 PSS/SSS/CRS/PRS+NIB.

Option #3: PSS/SSS/CRS in each subframe + extended PRS (ePRS) in each subframe 
Figure 3 illustrates the design of option #3. Legacy CRS, PSS/SSS, and extended PRS (ePRS) are used as the reference signals in an eDRS burst. In 5th and 6th OFDM symbols, the central 6 RBs contain PSS/SSS and the other RBs contain eRPS. Note that ePRS signals are also located in 1st and 2nd OFDM symbols. With ePRS, the regulatory requirement of occupied bandwidth is satisfied.  



[bookmark: _Ref427085753]Figure 3 PSS/SSS/CRS+ePRS.
Option #4: PSS/SSS in each subframe + extended CRS (eCRS) in each subframe
Figure 4 illustrates the design of option #4. In this option, legacy PSS/SSS and extended CRS (eCRS) are used as the reference signals in an eDRS burst. For 5th and 6th OFDM symbols, the central 6 RBs contain PSS/SSS and the other RBs contain eCPS. Note that eCRS signals are located in all OFDM symbols. With eCRS, the regulatory requirement of occupied bandwidth is satisfied.  



[bookmark: _Ref427086121]Figure 4 PSS/SSS+eCRS.

Design considerations:
· To minimize UE impact, option #1 and #2 are preferred.  However, according to Section 2.1 and 2.2, increasing time/frequency-domain density of DRS is beneficial to DRS transmission successful rate within each DMTC window and RRM measurement so option #3 also could be considered with minimal RE mapping change of reference signals.
· According to the study in Release 12, more time-domain occurrence of PSS/SSS improves cell detection rate within a DMTC window.  For improved cell detection, time-domain occurrence number of PSS/SSS can be considered to be increased.  However, for minimized UE impact, it is not preferred to change the frequency mapping of PSS/SSS.
· For improved RRM measurement performance, it is also proposed to increase the time-domain density of reference signals, e.g. extending CRS in the remaining OFDM symbols or adding PRS, and reduce the time length of a DRS occasion.  It’s also helpful to increase DRS transmission successful rate within a DMTC window and meet regulatory requirements. For this consideration, option #2, #3, and #4 are preferred.  
Therefore, we propose:
Proposal #2: Option #2 (PSS/SSS/CRS/PRS+NIB) and Option #3 (PSS/SSS/CRS/ePRS) can be considered as candidates of eDRS design. 
2.4 Performance evaluation
In the simulations, 8 LAA cells with randomly Cell-ID assignment, between 0 to 503, are evaluated. FBE is applied for the transmission of eDRS. Cell detection, Timing and frequency synchronization had been done by PSS/SSS. Furthermore, 50% resource utilization (RU) assumptions of data transmission power are considered for whole small cells.  -72 dBm and -62 dBm CCA thresholds are considered. The simulation assumptions are shown in Appendix 4.1, Table 3. Figure 5 shows the cumulative distribution function (CDF) of the residual time and frequency offset after PSS time/frequency synchronization. From Figure 5, we can see that the residual timing and frequency offset are within ±0.2μs and ±600Hz respectively. Table 1 and Table 2 show the cell detection performance of PSS/SSS when CCA-ED threshold is, respectively, -72dBm and -62 dBm. We can see that at least 90% detection rate can be achieved for the top three cells when CCA-ED threshold is -72dBm. For the case with -62 dBm CCA-ED threshold, only the top two cells can achieve a detection rate larger than 90%. This is because single PSS/SSS transmission is assumed in the simulation and there is larger interference when CCA-ED threshold is high.  However, the performance can be further improved if more PSS/SSS transmissions can be assumed within a DRS occasion.
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(a)                                                                        (b)
[bookmark: _Ref427133044]Figure 5 CDF of residual time and frequency offset using a single PSS/SSS  transmission.

	LAA Cell
	Detection probability (%)

	0
	99.18

	1
	96.51

	2
	91.51

	3
	85.62


[bookmark: _Ref427151875]Table 1 Cell detection performance using single PSS/SSS transmission when CCA-ED threshold is -72 dBm.



 
	LAA Cell
	Detection probability (%)

	0
	98.56

	1
	93.83

	2
	87.15

	3
	80.77


[bookmark: _Ref427176293]Table 2 Cell detection performance using single PSS/SSS transmission when CCA-ED threshold is -62 dBm.                                                                      
Figure 6 and 7 show the results of RSRP measurement accuracy when CCA-ED threshold are -62 dBm and -72dBm respectively.  For each case, option #1, option #2, and option #3 are evaluated.  The design of ePRS are shown in Appendix 4.2. From the results we can see that option #2 and option #3 can achieve better performance than option #1 in both two CCA-ED thresholds. For the top 2 small cells, less than 4.5dB absolute RSRP measurement error (requirement in 3GPP TS 36.133, Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy) can be achieved by option #2 and option #3.
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(a) [bookmark: _Ref427137075]                                                                                       (b)
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(c)
Figure 6 CDF of RSRP MSE measured using a signle DRS occasion when CCA-ED threshold is -62 dBm: (a) option #1, (b) option #2, and (c) option #3.
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(a)                                                                                        (b)  
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    (c)
Figure 7 CDF of RSRP MSE measured using a signle DRS occasion when CCA-ED threshold is -72 dBm: (a) option #1, (b) option #2, and (c) option #3.
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3. [bookmark: _Ref129681832]Conclusion
In this paper, we consider the design and the LBT mechanism for enhanced DRS in LAA.  The proposals are summarized as follows.

Proposal #1: For DRS transmission, frame-based LBT with randomized CCA across one or multiple subframes should be considered.
Proposal #2: Option #2 (PSS/SSS/CRS/PRS+NIB) and Option #3 (PSS/SSS/CRS/ePRS) can be considered as candidates of eDRS design. 
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4. Appendix 
4.1 Simulation assumptions

	Parameter
	Unit
	CRS

	Scenario
	-
	indoor

	Number of Cells
	-
	8

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	MHz
	10

	Carrier frequency
	GHz
	5

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	Long term fading
	dB
	Obtained from system level simulation

	Number of Tx antennas
	-
	1

	Number of Rx antennas 
(uncorrelated with equal gain)
	-
	2

	Propagation conditions
	-
	EPA3

	False alarm rate
	-
	< 0.1%

	Total number of measured subframes
	Subframe
	1

	Resource utilization
	%
	50

	Max. frequency offset relative to UE frequency reference
	Hz
	 ± 3750Hz ( ¼ subcarrier spacing)

	Max. timing offset 
	us
	±46.875 (10*CP2)

	CCA ED threshold
	dBm
	-60, -72

	Note: 
1. For each trial, 10 Cell-IDs are randomly selected without replacement.
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[bookmark: _Ref427134154]Table 3 simulation assumptions.

4.2 Extended PRS
The main difference between the legacy PRS and extended PRS is the resource mapping in the first slot of a subframe. For both normal CP and extended CP, OFDM symbols 1 and 2 are added for the transmission of ePRS. The resource mapping of ePRS are shown below. 






The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference signal for antenna port  in slot  according to 


where
Normal cyclic prefix:


Extended cyclic prefix:
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