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1. Introduction

At the RAN1 #82 meeting, following agreements, working assumption and conclusions regarding LAA DRS were made [1].
Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Agreements:

· 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

Conclusions:

· 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 contribution, we discuss further details on DRS design for LAA. LBT design for DRS burst transmission is discussed in our companion contribution [2]. 
2. Discussion on DRS design      
2.1. Design principles
In order to support on/off operation, DRS was introduced in Rel.12, which provides the functionality of cell identification and RRM measurement. For DRS in LAA, besides the functionalities above, some other points should be considered.
· Time contiguous DRS pattern   
New DRS pattern for LAA should consist of continuous OFDM symbols in DRS occasion to satisfy the LBT mechanism in unlicensed band. If Rel-12 DRS pattern is directly used, since there is no signal transmission in some of the OFDM symbols, neighbouring eNBs or Wi-Fi nodes may seize the channel and conduct transmission during the empty symbols. Then, a collision with neighbouring points will happen when transmitting remaining OFDM symbols where DRS is located and cell identification and RRM measurement performances would be severely degraded. 
· Short duration 

Assuming the wideband transmission and corresponding measurements on DRS, the time duration of DRS for LAA could be shorter than before considering it will be expanded in the frequency domain to achieve sufficient detection/measurement performances. Meanwhile, shorter DRS duration will increase the transmission probability of DRS within DMTC, since a long duration of DRS transmission in DMTC from one eNB will block the DRS transmission from its surrounding eNBs due to LBT. On the other hand, assuming one candidate DRS position per subframe within DMTC and short LBT for DRS transmission, shorter DRS design may cause a longer time gap between two candidate DRS positions. Such the time gap may increase a probability of interception from other nodes or a length of reservation signal transmission prior to DRS in order to avoid the interception.
· RRM measurement for load balancing   
Considering the possible LAA deployment scenarios, especially the outdoor scenarios, there will be densely deployed eNBs operating in multiple unlicensed carriers. Then load balancing in unlicensed bands should be carefully studied by considering offloading traffic among different unlicensed carriers of same eNB or even among different eNBs. For this purpose, cell identification and measurement for neighbouring cells of the same operator, e.g., top three cells within a certain RSRP gap should be considered as well as Rel-12 SCE discussion. 
2.2. Evaluation results
In this section, our evaluation results regarding DRS design are shown. We have evaluated followings.
· System-level simulation to derive a target SINR for DRS detection in LAA deployment scenarios
· Single shot cell detection performance assuming Rel-12 DRS with 1 ms duration
· Single shot RSRP measurement performance assuming Rel-12 DRS with 1 ms duration
For system level simulation, we assume following two cases as interference modelling for DRS detection. 
· Case 1: Non-synchronized LBT (e.g., coexistence scenario with other system/operator in high load case)
· Assume that target cell (e.g., 1st RSRP cell within operator #1) transmits DRS

· Check whether randomly-selected neighbor cell (including both operator #1 and #2) observes power below -62 dBm or not. If power does not exceed -62 dBm, the cell is considered as transmitting (i.e., interfering) cell.
· Check same thing for other neighbor cells in sequence, with considering power from all transmitting cells so far.
· Case 2: Synchronized DRS transmission (e.g., synchronized single operator deployment scenario)
· Assume that all cells within operator 1 transmit DRS
· Check whether each cell of operator #2 observes power below -62 dBm or not. If power does not exceed -62 dBm, the cell is considered as transmitting cell.
In addition, among transmitting nodes within operator #1, a full collision for PSS/SSS, reuse factor 3 for CRS and reuse factor 12 for CSI-RS are assumed. Evaluation results are summarized in Table 2-1 and 2-2. Detailed evaluation assumptions are provided in Appendix.
Table. 2-1: 5%-tile SINR for top three cells of operator #1 within 6 dB RSRP gap
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Case 1

Load=100% 36.0 dB 36.0 dB 36.0 dB

Load=50% 36.0 dB 36.0 dB 36.0 dB

Case 2

Load=100% -6.3 dB -4.2 dB 36.0 dB

Load=50% -6.3 dB -4.2 dB 36.0 dB

Outdoor SS CRS CSI-RS

Case 1

Load=100% -10.3 dB -10.3 dB -10.3 dB

Load=50% -5.5 dB -5.3 dB -5.2 dB

Case 2

Load=100% -6.8 dB -4.5 dB 8.4 dB

Load=50% -6.6 dB -4.3 dB 10.9 dB


Table. 2-2: 5%-tile SINR for the best RSRP cell of operator #1
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Case 1

Load=100% 38.2 dB 38.2 dB 38.2 dB

Load=50% 38.2 dB 38.2 dB 38.2 dB

Case 2

Load=100% -0.7 dB 1.2 dB 38.2 dB

Load=50% -0.7 dB 1.2 dB 38.2 dB

Outdoor SS CRS CSI-RS

Case 1

Load=100% -7.1 dB -7.0 dB -7.0 dB

Load=50% -1.7 dB -1.2 dB -0.9 dB

Case 2

Load=100% -1.5 dB 0.8 dB 12.3 dB

Load=50% -1.4 dB 1.0 dB 13.8 dB


According to the evaluation results, we could observe that in outdoor LAA deployment there are some strong interference due to hidden nodes (in Case 1) or DRS collision (in Case 2). In indoor LAA deployment, although hidden node problem seems not occur, DRS collision (in Case 2) causes severe SINR condition especially for DRS of neighbouring cells. Therefore, even though LBT is performed for DRS transmission, it may be better to keep current side condition, i.e., -6 dB SINR for the target detectable cell.
Observation 1: Even though LBT is performed for DRS transmission, there would be some strong interference for RRM measurement due to hidden nodes or DRS collision.

Proposal 1: -6 dB SINR condition should be considered as target SINR level for RRM measurement.

If we assume -6 dB SINR for RRM measurement, 3GPP has already evaluated cell detection and RSRP measurement performances of Rel-12 DRS with this condition. So, we can refer Rel-12 evaluation results on DRS. Regarding the single shot cell detection performance based PSS/SSS in DRS, as shown in [3], single shot detection of PSS/SSS with 6 RBs cannot achieve over 90% successful acquisition for -6 dB SINR cell in either EPA5 or ETU30 condition. Corresponding evaluation results and assumptions are shown in Figure 2-1 and Appendix, respectively.
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Figure 2-1: CDF of number of measurement samples consumed until the successful PSS/SSS acquisition

Observation 2: Existing PSS/SSS with 6 RBs in DRS may not be sufficient for reliable single shot cell detection.

In Rel-12 DRS discussion, some companies proposed cell detection mechanisms based on CRS or CSI-RS. Thanks to larger reuse factor and wideband transmission, these mechanisms can cope with DRS collision and can improve single shot detection/measurement performance if UE performs detection and measurement by using wide bandwidth. In addition, since Rel-13 LAA is based on CA, NW can provide assistant information to UEs, e.g., PCID list of candidate surrounding SCells, and hence the complexity of CRS/CSI-RS-based cell detection can be relaxed. Corresponding evaluation results are shown in Figure 2-2 [4]. In addition, in such mechanisms, PSS/SSS are utilized for coarse time/frequency synchronization. We confirmed that coarse time/frequency synchronization based on PSS/SSS can work well [5]
Observation 3: Existing PSS/SSS with 6 RBs in DRS may work well for coarse time/frequency synchronization. Cell detection based on CRS or CSI-RS with wide bandwidth can achieve sufficient single shot cell detection performance.
Single-shot RSRP measurement performance based on CRS and CSI-RS were also evaluated in [6]. Similar to cell detection, wideband measurement for CRS or CSI-RS can achieve sufficient single shot RSRP measurement performance.
Observation 4: RSRP measurement based on CRS or CSI-RS with wide bandwidth can achieve sufficient single shot RSRP measurement performance.
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Figure 2-2: Single shot cell detection performances in SCE scenario 2a
2.3. Proposed DRS design for Rel-13 LAA
According to the discussion in previous section, we propose DRS design for Rel-13 LAA in this section. 
As argued in previous section, existing PSS/SSS with 6 RBs can be used for coarse time/frequency synchronization with low sampling rate, i.e., low complexity. Then, CRS or CSI-RS with wide bandwidth can be used for both cell identification and RSRP measurement. Since above existing signals would be sufficient, we propose to reuse Rel-12 DRS with 12 OFDM symbols (from #0 to #11) as much as possible for LAA RRM measurement. However, some modifications are necessary due to following reasons.

· For the time continuity, some OFDM symbols (#1, #2, #3, #8) need to be filled by some signal.
· Available CSI-RS resource configurations are limited due to the collision with PSS/SSS and CCA gap on symbols #12 and #13. As discussed in [7], we believe that CSI measurement on DRS should be supported. In that sense, we should have sufficient number of CSI-RS resource configurations within DRS.
· It would be better to increase the resource density of CRS/CSI-RS within a RB since wider measurement bandwidth may cause more UE complexity and power consumption.
· It can be considered to transmit some basic control information such as PLMN ID within DRS burst.
Therefore, in our proposed DRS design for LAA, following modifications are made. The proposed design is also shown in Figure 2-3.
· On symbols #1 and #8, either CRS port 2/3 or repetition of CRS port 0/1 in previous symbol are transmitted according to the number of CRS ports.
· On symbols #2, #3, #9 and #10, modified CSI-RS is transmitted.
· Each resource configuration of modified CSI-RS is mapped to these four OFDM symbols and one of orthogonal sequences is applied according to CSI-RS port index.
· Resource mapping and orthogonal sequence examples are shown in Figure 2-3.
· On symbols #5 and #6, RBs outside central 6 RBs would need to be used for transmission in order to meet the regulation on transmission bandwidth and to avoid large power fluctuation between symbols within DRS burst.
· How to fill such RBs can be up to eNB implementation, as long as almost fixed transmit power for each symbol within a burst is satisfied.
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Figure 2-3: Proposed design of DRS for LAA when DRS is not multiplexed with PDSCH

Since the DRS occasion duration of proposed DRS design is 12 OFDM symbols, we can have one candidate DRS position in each subframe within DMTC window.
Proposal 2: LAA DRS occasion consists of time-continuous 12 OFDM symbols.
· On symbols #0, #4, #7 and #11, CRS port 0/1 is transmitted.

· On symbols #5 and #6, SSS and PSS are transmitted on central 6 RBs, respectively.
· How to fill RBs outside central 6 RBs can be up to eNB implementation, as long as almost fixed transmit power for each symbol within a burst is satisfied.
· On symbols #1 and #8, either CRS port 2/3 or repetition of CRS port 0/1 in previous symbol are transmitted according to the number of CRS ports.
· On symbols #2, #3, #9 and #10, modified CSI-RS is transmitted.

· Each resource configuration of modified CSI-RS is mapped to these four OFDM symbols and one of orthogonal sequences is applied according to CSI-RS port index.
· It can be considered to transmit some basic control information such as PLMN ID within DRS burst, e.g., on some of CRS symbols.
One remaining issue on DRS design for DRS only transmission is about sequence generation for SS/RS. As introduced in Section 1, we have two alternatives for now. Considering the limited remaining time for Rel-13 specification and since the subframe index information is not necessary for RRM measurement as long as sequences of SS/RS are known at UE, we think Alt.2 is reasonable, i.e., SS/RS sequences are generated irrespective of the subframe index of DRS. Existing SS/RS sequences for subframe #0/#5 can be simply applied to DRS only transmission in subframes #0-#4/#5-#9, respectively.
Proposal 3: Existing SS/RS sequences for subframe #0/#5 can be simply applied to DRS only transmission in subframes #0-#4/#5-#9, respectively.
2.4. DRS multiplexing with PDSCH within DMTC
For DRS multiplexing with PDSCH within DMTC, following issues need to be considered.
· If the same DRS design is used with and without PDSCH multiplexing, UE needs to identify DRS multiplexing and to perform rate matching with new pattern for PDSCH demodulation due to modified CSI-RS especially on symbols #2 and #3 and potential repeated CRS port 0/1 on symbols #1 and #8. 
· If different CSI-RS resource mappings are used in cases with and without PDSCH multiplexing, UE needs to identify DRS multiplexing with PDSCH for CSI-RS-based RRM/CSI measurement.
· If different CRS/CSI-RS resource densities are used in cases with and without PDSCH multiplexing, performance requirement for DRS-based RRM measurement may be complex.
· If DRS multiplexing with PDSCH on subframes other than subframe #0 and #5 is allowed, the fixed sequence patterns for SS/RS in DRS cannot be used in case with PDSCH multiplexing.
Therefore, we propose to allow DRS multiplexing with PDSCH within DMTC only on subframe #0 and #5. In addition, we propose to study further on DRS design when PDSCH is multiplexed with DRS in the same TTI.
3. Conclusion 

In this contribution, we have discussed on DRS design for LAA. We made the following observations and proposals. 

Observation 1: Even though LBT is performed for DRS transmission, there would be some strong interference for RRM measurement due to hidden nodes or DRS collision.

Proposal 1: -6 dB SINR condition should be considered as target SINR level for RRM measurement.

Observation 2: Existing PSS/SSS with 6 RBs in DRS may not be sufficient for reliable single shot cell detection.

Observation 3: Existing PSS/SSS with 6 RBs in DRS may work well for coarse time/frequency synchronization. Cell detection based on CRS or CSI-RS with wide bandwidth can achieve sufficient single shot cell detection performance.
Observation 4: RSRP measurement based on CRS or CSI-RS with wide bandwidth can achieve sufficient single shot RSRP measurement performance.

Proposal 2: LAA DRS occasion consists of time-continuous 12 OFDM symbols.
· On symbols #0, #4, #7 and #11, CRS port 0/1 is transmitted.

· On symbols #5 and #6, SSS and PSS are transmitted on central 6 RBs, respectively.

· How to fill RBs outside central 6 RBs can be up to eNB implementation, as long as almost fixed transmit power for each symbol within a burst is satisfied.
· On symbols #1 and #8, either CRS port 2/3 or repetition of CRS port 0/1 in previous symbol are transmitted according to the number of CRS ports.
· On symbols #2, #3, #9 and #10, modified CSI-RS is transmitted.

· Each resource configuration of modified CSI-RS is mapped to these four OFDM symbols and one of orthogonal sequences is applied according to CSI-RS port index.
· It can be considered to transmit some basic control information such as PLMN ID within DRS burst, e.g., on some of CRS symbols.
Proposal 3: Existing SS/RS sequences for subframe #0/#5 can be simply applied to DRS only transmission in subframes #0-#4/#5-#9, respectively.
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Appendix
System-level simulation assumptions

Assumptions for indoor and outdoor LAA deployment scenarios with two operators as defined in TR [8] are applied. Therefore, UEs are dropped within building or cluster of 70 m radius and UEs within the coverage of one of operator #1’s cells with -82 dBm threshold are observed. In case of “Load = 100%”, all transmitting cells of operator #2 according to interference model (Case 1 or Case 2) generate interference to an observed UE. In case of “Load = 50%”, half of transmitting cells of operator #2 according to interference model (Case 1 or Case 2) generate interference to the observed UE.
Simulation assumptions for PSS/SSS-based cell detection

Table I, II, III, IV show the link level simulation assumptions for the PSS/SSS acquisition. Regarding the target false detection probability, we assume 0.001.

Table I. Cell Identification Test Parameters
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Carrier frequency
	GHz
	3.5
	3.5
	3.5

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	FDD
	FDD
	FDD

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	Es/Noc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	PSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	SSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU30

	Noc Model
	-
	AWGN

	PSS/SSS periodicity
	ms
	40ms, 80ms, 160ms

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Table II. Other Simulation Assumption Parameters for Cell Identification
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or synchronous (by signaling)
	No

	Duty cycle
	100% (to represent non-DRX case)

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence id.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Receive antennas
	2  (uncorrelated)


Table III. Cell Id Combinations to be Simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous


Table IV. PSC, SSC Indices for Simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34

	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65
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