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1 Introduction
In RAN1#78bis, it was agreed to list the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system [1]:
–
Listen-before-talk (Clear channel assessment)

–
Discontinuous transmission on a carrier with limited maximum transmission duration

–
Dynamic frequency selection for radar avoidance in certain bands/regions

–
Carrier selection

–
TPC
The first two functionalities work as a combination to enable fair channel access to unlicensed spectrum. As the first step towards possible standardization of access to unlicensed spectrum using LTE, the current SI “Study on Licensed-Assisted Access using LTE” focuses on LAA Carrier Aggregation (CA) rather than LAA Dual Connectivity and standalone access. To efficiently realize above functionalities, modification of the CA design and other new physical layer options are required. In this document, we discuss potential options related to the first two functionalities (Listen-before-talk (LBT) and discontinuous transmission).
2 Discussion
2.1 Modification of frame structure to gain the transmission opportunity

Basically, incumbent wireless networks in unlicensed spectrum are asynchronous between each other to take advantage of easy deployment, which is one of biggest merits of utilizing unlicensed spectrum. Applying LBT, the existing LTE subframe structure with a fixed subframe boundary can bring only very limited transmission opportunities for LAA, the new comer to unlicensed bands. The fundamental solution to increase the transmission opportunity is to allow the burst transmission to start adaptively and not limited to the subframe boundary. Furthermore, the random backoff mechanism which is specified as “extended CCA time” and is mandated in EU regulations also requires adaptive start timing of burst transmissions. Therefore the start timing of burst transmissions for using LTE in unlicensed bands has to be made more flexible.

Two methods can be used to realize adaptive start timing of burst transmissions. The first method is to transmit some extra signals such as a dummy signal or preamble before the transmission of the data part. The second method is to adaptively change the start timing of the data transmission itself. As shown in Fig. 1, current specification of carrier aggregation requires aligned subframe boundaries between PCC and SCC. A simple way to grab the channel with any timing within a 1ms window is to allow the length of extra signal to be up to 1ms.  However, the channel occupancy time for each burst is limited due to fair coexistence requirements. For example, Japanese regulation mandates that the length of each burst must be less or equal to 4ms. A 1ms length extra signal would degrade the frequency utilization efficiency more than any other existing L1 signal in LTE. Therefore in order to acquire moderate transmission opportunities with minimum overhead, the constraint of subframe boundary alignment between PCC and SCC might be reconsidered in the case of LAA CA. Considering that drastic change of symbol/FFT timing between each burst may furthermore increase the complexity of some UE processing, such as time/frequency tracking, adaptive subframe timing but with fixed symbol/FFT timing and minimum extra signals could be a good combination as a candidate frame structure for LAA.
Fig. 2 shows two options for timings in the non-aligned scenario, (1) licensed PCC ahead, (2) unlicensed SCC ahead. Since knowing whether a transmission in an unlicensed band can be carried out or not is not guaranteed due to the nature of LBT, scenario (1) requires UE to detect downlink data transmission. In comparison, scenario (2) may prevent UE from the need of additional processing of detection by using PDCCH over the licensed PCC to indicate the start timing of data transmission. 

Based on the above discussion, the following is proposed:

Proposal 1: An extra signal can be transmitted to gain access to the medium. The overhead due to the extra signal should be minimized, e.g. its length should be less than one OFDM symbol. On the other hand, its minimum length might be determined based on the requirements of AGC.

Proposal 2: The subframe boundary between a licensed PCC and an unlicensed SCC might be non-aligned in order to effectively use the unlicensed spectrum.

Proposal 3: Data transmission over an unlicensed SCC might start before the transmission of the subframe in which the associated PDCCH is located.
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Fig. 1: Carrier aggregation with aligned subframe boundary and extra signal
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Fig. 2: Carrier aggregation with non-aligned subframe boundary and extra signal

2.2 Discontinuous CRS transmission

Due to the opportunistic use of unlicensed spectrum, CRS as well as data would be transmitted discontinuously.  It is desirable to transmit CRS at a sufficiently often in the unlicensed spectrum in order to enable the UE to carry out time/frequency tracking. CQI measurement and RRM measurement is another challenge for LAA. CRS for those purposes may or may not be transmitted together with data. The same access method as for data transmission to gain a transmission opportunity could be a baseline for CRS transmission without data. As discussed above, adaptive subframe timing with minimum extra signals could meet the purpose. To decrease the necessary frequency of CRS transmission, the density of CRS in a subframe could be increased in the case of CRS transmission without data. Furthermore, L1/L2 control signalling which indicates the timing of CRS transmission could be used to reduce the complexity for the UE to perform time/frequency tracking, CQI measurement and RRM measurement. In Rel-12, DRS based measurement was defined for cell discovery. The above discussion on CRS transmissions unaccompanied by data can also be applied to DRS.  
Based on the above discussion, the following is proposed:

Proposal 4: The same access method to gain a transmission opportunity for data transmission could also be a baseline for CRS transmission without data.
Proposal 5: To reduce the complexity for the UE to perform time/Frequency tracking, CQI measurement and RRM measurement, L1/L2 control signalling might be used to indicate whether CRS is transmitted in particular subframes of the unlicensed band.  
3 Initial coexistence evaluation results
Here we provide some initial coexistence evaluation results with regard to proposal 1 and proposal 2. Indoor deployment under the following three scenarios is assumed:
•
Coexistence scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi

•
Coexistence scenario b:  Operator #1 deploys Wi-Fi and operator #2 deploys LAA 
•
Coexistence scenario c:  Operator #1 deploys LAA and operator #2 deploys LAA
In these simulations, the same frame structure as shown in Fig. 2 is applied to LAA. DL-only FTP traffic for both LAA and WiFi is assumed. The maximum burst length of LAA is assumed as 4ms. The detailed simulation assumptions are shown in Annex. The number of nodes (eNBs/APs) per operator is 4, i.e. X=4. The number of available unlicensed carriers is 1 or 4, i.e. Y=1, 4. Fig. 3 shows the served cell throughputs in the case of Y=4. Fig. 4 shows the served cell throughputs in the case of Y=1. Latency CDF and UPT CDF for typical offered traffics are shown in Fig. 5 and Fig. 6. It can be seen that Operator #1 always gets better performance in scenario b than scenario a. Furthermore, scenario c brings even better performance than scenario b. It means that the frame structure based on proposal 1 and proposal 2 can provide LAA good throughput without degrading Wi-Fi’s performance unfairly. 
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Fig. 3: Served Cell throughput (X=Y=4)
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Fig. 4: Served Cell throughput (X=4, Y=1)
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Fig. 5: Latency & UPT (X=Y=4)
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Fig. 6: Latency & UPT (X=4, Y=1)
4 Conclusions

We discussed new physical options to support two important functionalities, LBT and discontinuous transmission.  

Proposal:

Proposal 1: An extra signal can be transmitted to gain access to the medium. The overhead due to the extra signal should be minimized, e.g. its length should be less than one OFDM symbol. On the other hand, its minimum length might be determined based on the requirements of AGC.

Proposal 2: The subframe boundary between a licensed PCC and an unlicensed SCC might be non-aligned in order to effectively use the unlicensed spectrum.

Proposal 3: Data transmission over an unlicensed SCC might start before the transmission of the subframe in which the associated PDCCH is located.
Proposal 4: The same access method to gain a transmission opportunity for data transmission could also be a baseline for CRS transmission without data.
Proposal 5: To reduce the complexity for the UE to perform time/Frequency tracking, CQI measurement and RRM measurement, L1/L2 control signalling might be used to indicate whether CRS is transmitted in particular subframes of the unlicensed band. 
Initial coexistence evaluation results show that LAA based on proposal 1 and proposal 2 can provide good throughput without degrading Wi-Fi’s performance unfairly. 
5 References
[1] 3GPP RAN1#78bis, RAN1 Chairman’s Notes
Appendix: Simulation assumptions
Table 1 Simulation assumptions for Indoor scenario
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	Two operators deploy X small cells each in the single-floor building. 

Alt 1: The small cells are equally spaced in the center of the building for all nodes.
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No unmanaged Wi-Fi.

	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5 GHz
	5.0GHz

	Carrier number
	2 (one for each operator)
	Y (to be shared between two operators)

· Alt. 1: X = Y = 4

· Alt. 3: X = 4, Y = 1

	Total BS TX power
	24dBm(Ptotal per carrier)
	18dBm

	Total UE TX power 
	23dBm
	18dBm

	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]
(3D distance between an eNB and a UE is applied. )

UE-to-UE: 3GPP TR 36.843 (D2D).
eNB-to-eNB: LOS


	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

(3D distance is used for shadowing correlation distance)

	Antenna pattern
	2D Omni-directional is baseline

	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 
	 60 UEs per operator network



	Minimum distance (2D distance)
	3m

	Traffic model
	· FTP model 1

· file sizes: 0.5MBytes
· Load varied with number of users

	UE receiver
	MMSE-IRC

	UE noise figure
	9dB

	UE speed
	3km/h

	UE Bandwidth
	An LAA UE that has both licensed and unlicensed band coverage is served by both carriers under the LTE carrier aggregation framework with a total bandwidth of 30MHz.

For a Wi-Fi UE with unlicensed band coverage, the UE is served by the Wi-Fi service with a bandwidth of 20MHz.

	Network synchronization
	Asynchronous between different operators.

Nodes of an operator are synchronized and time-aligned.



	Backhaul assumptions
	-

	Performance metrics
	· Performance metric

· User perceived throughput (UPT)

· UPT CDF

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF

· FFS: Number of users with X %ile latency < Y ms (e.g. X = 98, Y = 80 ms)


Table 2 WiFi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table (FFS: include 256QAM)

	Antenna configuration


	1Tx1Rx in DL

	Channel code interleaving depth
	FFS: K Wi-Fi OFDM symbol

	Frame aggregation
	A-MPDU

	MPDU
	Fixed 1500B MPDU size (variable transmission duration)

	TXOP
	4.096ms 

(Asynchronous to LTE timings)

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	-

	
	Contention window
	Min : 15 slot,  Max : 15 slot

	CCA-CS
	-82dBm and preamble decoding
(Note preamble occupies the 20MHz system bandwidth with rate 1/2 coding and BPSK modulation)

	CCA-ED
	-62dBm

	ACK Modeled
	Yes

	DL/UL Duplexing
	Alt 2: DL only

	Rate control
	Auto Rate Fallback [1]

	Channel selection
	Alt. 1: Minimum number of neighbors


Table 3 LAA system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration
	1Tx1Rx in DL 

	Transmission schemes
	TM10, QPSK/16QAM/64QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	-135 dBm

	Channel selection
	Minimum number of neighbors


[1] M. Lacage, M. H. Manshaei, and T. Turletti, “IEEE 802.11 rate adaptation: A practical approach,” in Proceedings of MSWiM 2004, pp. 126–134, Oct 2004.
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