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1 Introduction
In 3GPP RAN1 #82 meeting, some agreements related to LAA DRS design and transmission were reached as follows [1],
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

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 

The above agreements are mainly focused on the DRS design targets/functionalities, DRS transmission ways, DRS pattern design, multiplexing of DRS and PDSCH, and LBT scheme for DRS, some of which just gave options and FFS. In this contribution, we present our views on these DRS options and then down-select the preferred scheme.
2 LAA DRS design
2.1 DRS transmission opportunity
Rel-12 DRS transmitted with low duty cycle can be the starting point for LAA cell discovery and RRM measurement. However, due to the LBT/CCA regulation on unlicensed carrier, not all of periodic DRS occasions have opportunity to be transmitted. Based on the agreement in RAN1 #82, DRS transmission opportunity in DMTC can have options as shown in Figure 1: 
· Alt.2-a: DRS transmission with double periodicities
In Alt.2-a, LAA DRS can be configured with one long period (DMTC periodicity) plus one short period, with both periods defining the time positions within each DMTC as illustrated in Figure 1 . The time positions over short period are used to increase DRS transmission opportunities when the DRS transmission at previous long periodicity occasion fails. If DRS at long periodicity occasion is successfully transmitted, LAA eNB can skip the following short periodicity occasions for CCA and DRS transmission until the next long periodicity occasion.
· Alt.2-b: DRS transmission within DRS transmission window

In Alt.2-b, LAA eNB attempts to transmit DRS only in a DRS transmission window inside each DMTC period. If DRS transmission at first DRS occasion predefined by DMTC fails due to busy channel, LAA eNB can continue to perform CCA and try to send DRS before the window expires. If CCA succeeds at certain time position in DRS window, LAA eNB can send DRS according to symbol alignment, or subframe alignment, possibly with assistance of reservation signal. The number of different time positions in the DRS transmission window can be restricted in a window length. DRS transmission window can be set as 5ms, which is less than DMTC occasion duration (6ms) but equals maximum DRS occasion duration (5ms) in Rel-12. And it includes five different time positions, e.g. subframe 0, ..., subframe 4 in each DRS transmission window. Duration of the DRS occasions equals or less than 1ms when the duration of the signals in the DRS is less than 1 ms.
Measurement gap is necessary for UE to perform inter-frequency RRM measurement. Currently, the periodicity and the duration of measurement gap are 40ms/80ms and 6ms, respectively. Each measurement gap may just cover one time position of Alt.2-a, but can cover one whole DRS transmission window with five time positions in Alt.2-b. To be compared to Alt.2-b, Alt.2-a should be configured with more measurement gaps or shorter measurement gap periodicity for UE to perform measurement, which may lead to a serious decline in spectrum efficiency. Therefore, Alt.2-b is preferred. In addition to Alt.2-a and Alt.2-b, some other solutions on DRS transmissions opportunity can also be considered, for example, there can be two or more DRS transmission windows in each DMTC, or a combination of Alt.2 with aperiodic DRS transmission, etc. 
Proposal 1: The different time positions within the DMTC can be distributed within a time window whose length equals to maximum DRS occasion duration (5ms) in Rel-12.
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Figure 1 Candidates of Alt.2 for LAA DRS transmission
Next, we provide system level simulation results comparing above two options for LAA DRS transmission. It is assumed that DMTC periodicity is 40ms and each time position (DRS occasion candidate) is 1ms. For Alt.2-a, the short periodicity is 10ms, i.e. the time positions in the first DMTC are subframes #0, #10, #20, and #30. For Alt.2-b, the size of DRS transmission window is 5ms, including five time positions. LBT scheme for DRS transmission is enhance Cat 2 as discussed in section 2.2. The other simulation assumptions are shown in Appendix.

Figure 2 shows DRS transmission probabilities with respect to traffic load. The DRS transmission probability of Alt.2-b is slighter higher than that of Alt.2-a. Taking into account that the ratio of time positions within each DMTC of Alt.2-b and Alt.2-a is 5:4, the DRS transmission probability of two options are close. But considering spectrum efficiency analyzed earlier in this section, Alt.2-b is preferred.
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Figure 2 DRS transmission probability
2.2 LBT/CCA scheme for DRS burst without PDSCH
Though the LBT for DRS transmitted with PDSCH in the same burst is recommended to adopt LBT Cat 4 as baseline, the LBT for DRS transmission burst with no PDSCH is still open. Because Cat 2 LBT has the benefits such as simple procedure, short sensing time and fixed position for CCA, Cat 2 LBT is an attractive LBT candidate for the DRS transmission burst with no PDSCH. However, the current LBT Cat 2 (FBE) only performs one single CCA with fixed position, which makes it not quite good at improving the possibility of acquiring an unlicensed carrier for DRS transmission. In addition, asynchronization among sites can cause unfairness in the LBT competition, since the relatively larger timing delay 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. 
In order to overcome the above-mentioned unfairness issue caused by asynchronization, a CCA period is introduced to allow one single CCA test starting at multiple different time instances within the CCA period. To be more specific, one single CCA test used in LBT Cat 2 is assumed to have time length Tsingle_CCA. The introduced CCA period has time length TCCA_period and contains multiple starting time instances, i.e. {t1, t2, …, tN} for 0≤ t1< t2<…< tN <( tN + Tsingle_CCA)≤ TCCA_period. The LAA eNB randomly select one of starting time instance to start the single CCA test. Therefore, the LAA eNB with larger timing offset delay caused by asynchronization has the random chance to have earlier CCA opportunity than other eNBs. 
Besides the LAA DRS, the LBT Cat 2 with the above enhancement can also be used for other special reference signals or channels transmission. More details can be found in [2].
Proposal 2:  LAA DRS transmission in the burst without PDSCH can use LBT Cat 2 with the enhancement that has randomly-selected delay offset for each CCA.
2.3 DRS structure
· Basic time domain structure of LAA DRS 

Regarding to the LAA DRS structure, RAN1 agrees that the transmission burst containing DRS should consist of continuous OFDM symbols. To meet this design criterion and to reuse Rel-12 DRS as much as possible, the solution is to reuse the continuous portion of Rel-12 DRS on symbols {4, 5, 6, 7} as shown in Figure 3 for LAA DRS or a time-domain component of LAA DRS. This time-domain structure for LAA DRS can minimize DRS duration (less than 0.5ms), which is in favour of time-multiplexing of DRS transmissions from multiple eNBs. Furthermore, the structure can also reduce the overhead when DRS and PDSCH are multiplexed and transmitted within a same subframe. 
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Figure 3 Rel-12 DRS pattern
As agreed in last meeting, duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms. Here we suggest duration of the DRS occasion including LBT/CCA period and potential initial signal can equal to 1ms or less. In each DRS occasion, symbol 0 to symbol 3 can be used for LBT/CCA period and potential initial signal transmission. symbol 4 to symbol 7 are the components of basic time domain structure of LAA DRS. The other symbols are left unspecified for future usage or used for repeated DRS transmission. In order to satisfy/enhance the performance requirement of one shot DRS detection, DRS can use two CRS ports in symbol 4 and symbol 7.
Proposal 3: The portion of Rel-12 DRS with continuous symbols is contained inside LAA DRS.
· The extended structure of LAA DRS
Due to the low duty cycle of DRS transmission and missing transmission instance under LBT, the DRS constructed from PSS/SSS and CRS may not be sufficient for fine time/frequency synchronization and CSI measurement. Considering aperiodic DRS can be used for CSI measurement and future usage in the later release evolution, we suggest CSI-RS can also be configurable in the construction of LAA DRS. CSI-RS configuration in LAA DRS has two options. 
· The first one, as shown in Figure 4(a), sends CSI-RS in the OFDM symbols of PSS/SSS but outside of the central 72 REs within the system bandwidth. 

· The second option, as shown in Figure 4(b) and Figure 4(c), sends CSI-RS in the two contiguous OFDM symbols after the four-symbol DRS structure given in Figure 3. One CRS symbol may also need to be inserted between four-symbol DRS structure and two-symbol CSI-RS in order to keep the DRS structure symbol-contiguous in time domain. Similar to Rel-12 DRS, CSI-RS and the one CRS symbol before CSI-RS in LAA DRS can be configurable.
PSS/SSS in Rel-12 DRS only occupies the central 72 REs of the system bandwidth, including 62 REs for the PSS/SSS sequence transmission and 10 REs for guard reservation. When no data packet is transmitted, this approximate 1.08MHz bandwidth occupancy may not satisfy the regulation requirement, which says that the occupied bandwidth shall be between 80% and 100% of the declared system bandwidth.
Figure 4 shows three candidates for the enhanced structure of LAA DRS, which are used to solve the problems of PSS/SSS bandwidth occupancy. When no data is transmitted, the blank frequency resources outside of central 72 REs in PSS/SSS symbols can carry CSI-RS or CRS (Figure 4(a)), additional PSS/SSS (Figure 4(b)) or control information (Figure 4(c)). The candidates may also be able to solve the PCI confusion and collision.
As shown in Figure 4(b), the PSS/SSS can be spread over beyond the central 72 REs. There are two kinds of methods for spreading: 
· One is simply repeating the central PSS/SSS signal over the frequency domain. As in legacy LTE, the PSS/SSS only carries PCI information. 
· The other is inserting the PSS/SSS that have different construction parameters from the central PSS/SSS, and utilizing the inserted PSS/SSS to carry some control information implicitly, e.g. operator ID, to solve the problem of PCI confusion and collision. The possible solution is to configure different values for root index of ZC-sequence in the inserted PSS to indicate the operator ID. Another feasible method is to insert SSS0, SSS1 and PSS through encoding to carry operator ID.
As shown in Figure 4(c), the blank frequency resources in the OFDM symbols of PSS/SSS can be padded with control information, such as PLMN (or ECGI), unlicensed carrier condition and LBT parameters and so on. When no data is transmitted, control information can also be considered to be sent in the blank frequency resources in CRS OFDM symbols.
Proposal 4: The further LAA DRS design includes the frequency domain extension from the legacy PSS/SSS. 
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(a) CSI-RS configuration
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(b) CSI-RS configuration and SSS/PSS insertion
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(c) CSI-RS configuration and control information transmission
Figure 4 Three candidates for DRS pattern
2.4 The multiplexing of DRS and PDSCH
To solve rate matching problem caused by the uncertainty of LAA DRS transmission, in last RAN1 meeting some companies proposed two possible solutions [3][4]. The option 1 is that PDSCH is not mapped to the REs corresponding to any potential DRS occasion candidates, regardless whether or not the DRS is actually transmitted. The option 2 is that eNB may indicate by the DCI signalling whether the LAA DRS is actually transmitted or not, and PDSCH is not mapped to the REs corresponding to the DRS occasion candidates if DRS is transmitted on it. Both option 1 and option 2 have big disadvantages, since the resource utilization of PDSCH transmission in option 1 will decrease due to wasted resource elements especially with dense DRS instances within DMTC scenarios, and option 2 incurs extra DCI signalling and additional decoding step in PDSCH reception.
Therefore, we can consider an improved scheme without extra DCI signalling and serious resource waste. In this scheme, only some specific DRS occasion candidate(s) in DL TX burst can be used to transmit DRS, and the other DRS occasion candidates in DL TX burst cannot be used to transmit DRS. In other words, PDSCH rate matching with respect to DRS is performed only in these specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, and/or subframe 0/5 if subframe 0/5 is DRS occasion candidates. Take the first DRS occasion candidate in DL TX burst as an example, UE assumes the PDSCH rate matching with respect to DRS is always performed in the first DRS occasion candidate as shown in Figure 5. 
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Figure 5 Rate-matching for the multiplexing of PDSCH and LAA DRS
Proposal 5:  PDSCH rate-matching with respect to DRS is performed only in the specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, or subframe 0/5 if subframe 0/5 is DRS occasion candidates.
3 Conclusion 
In this contribution, we present our views on LAA DRS design and have the following proposals:
Proposal 1: The different time positions within the DMTC can be distributed within a time window whose length equals to maximum DRS occasion duration (5ms) in Rel-12.
Proposal 2:  LAA DRS transmission in the burst without PDSCH can use LBT Cat 2 with the enhancement that has randomly-selected delay offset for each CCA.
Proposal 3: The portion of Rel-12 DRS with continuous symbols is contained inside LAA DRS.
Proposal 4: The further LAA DRS design includes the frequency domain extension from the legacy PSS/SSS.  
Proposal 5:  PDSCH rate-matching with respect to DRS is performed only in the specific DRS occasion candidate(s). The specific candidate(s) can be the first DRS occasion candidate in DL TX burst, or subframe 0/5 if subframe 0/5 is DRS occasion candidates.
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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.
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	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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