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1. Introduction

In RAN1#78bis, the following functionalities are agreed as required at least 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
Among those functionalities, LBT (Listen-before-talk) can be considered as a pre-requisite functionality for coexistence of LAA with inter-operator/RAT networks. In this paper, we discuss details of the LBT operation of LAA and suggest some principles and candidate solutions.
2. Scheduling and carrier sensing in LBT
2.1. DL LBT operation

Keeping the LTE principle that PDSCH to a UE is scheduled through (e)PDCCH transmitted by eNB, it is straight forward that eNB performs carrier sensing and transmits (e)PDCCH and the corresponding PDSCH if channel is assessed as idle. Other assistant processes such as UE carrier sensing or channel reservation to avoid hidden interference problem can be further studied.
Suggestion 1: For DL LBT, baseline operation is eNB performs carrier sensing and transmits (e)PDCCH and the corresponding PDSCH if channel is assessed as idle
2.2. UL LBT operation

Keeping the LTE principle that PUSCH to a UE is scheduled through (e)PDCCH transmitted by eNB and the scheduled UE transmits PUSCH at a given timing after the (e)PDCCH reception, there can be two basic options for UL LBT operation.

Option 1) UL LBT based on UE carrier sensing

eNB schedules PUSCH by (e)PDCCH and the scheduled UE performs carrier sensing. If the channel is assessed as idle, UE transmits PUSCH. Since it is not guaranteed the channel is idle at the scheduled PUSCH transmission time, UE may drop PUSCH if the channel is assessed as busy at the given time instance or during a given time window. The transmission timing could be random depending on the UE’s carrier sensing result and the random back off (if applied). This operation is illustrated in figure 1.
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Figure 1 UL LBT based on UE carrier sensing
With this option, eNB may have to blindly detect whether UE has transmitted PUSCH or not with a transmission timing uncertainty. To help PUSCH detection at eNB, UE may signal information on the PUSCH transmission status to eNB via UL signaling in licensed band.

Option 2) UL LBT based on eNB carrier sensing

eNB performs carrier sensing and if the channel is assessed as idle, eNB transmits (e)PDCCH which schedules PUSCH transmission of the UE. The UE transmits PUSCH at a given time after the (e)PDCCH reception as in normal LTE PUSCH scheduling operation. With this operation, eNB may have to transmit something (so called, reservation signal) during the time interval between (e)PDCCH transmission and PUSCH reception to prevent other network nodes assess idle channel and start to transmit their own signal. This operation is illustrated in figure 2.
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Figure 2 UL LBT based on eNB carrier sensing
With this option, reservation signal overhead between UL scheduling and PUSCH transmission may deteriorate LAA throughput. Therefore, mechanism of reducing PUSCH scheduling delay should be studied.
In general, both two options have pros and cons to each other. Moreover, there can be a regulation issues in some regions/bands where specific LBT operation is mandated [2]. Therefore, study on two options can be continued based on the further clarification on the LBT regulation.

Suggestion 2: For UL LBT, following two options should be studied as the baseline operation based on the further clarification on the LBT regulations

· eNB schedules PUSCH and the scheduled UE performs carrier sensing. If the channel is assessed as idle, UE transmits PUSCH

· eNB performs carrier sensing and if the channel is assessed as idle, eNB schedules PUSCH transmission of the UE. The UE transmits PUSCH at a given time after the scheduling

3. TX timing in LBT
To reuse the existing CA mechanism including scheduling and HARQ procedure as much as possible, we suggest subframe boundary of LAA cell should be synchronized with PCell or assisting cell in licensed band by the same level of synchronization in Rel-11 CA.
Suggestion 3: Subframe boundary of LAA cell should be synchronized with PCell or assisting cell in licensed band by the same synchronization level in Rel-11 CA

However, eNB/UE transmission may have to start at a middle of subframe right after the channel is assessed as idle to reserve the channel and/or to not discard a whole subframe due to channel busy status detected right before a subframe start. Figure 3 depicts the cases where transmission opportunity with LBT is fixed to the subframe boundary and transmission opportunity with LBT is flexible at any OFDM symbol within a subframe. In case of flexible transmission opportunity within a subframe, kind of reservation signal transmission may be considered to reserve the radio channel during the time interval between idle channel assessment and PDSCH/PUSCH transmission start.
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(a) fixed starting opportunity
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(b) flexible starting opportunity

Figure 3 Options for transmission opportunity with LBT

Figure 4 shows system level evaluation results according to the transmission timing options in LAA. In the results, “fixed” indicates fixed starting opportunity and “flexible” indicates flexible starting opportunity. Detailed simulation assumptions can be found in the annex. As shown in the figure, LAA system performance with flexible start timing outperforms much that with fixed start timing. It can be also seen that with flexible start timing, both WiFi and LAA networks in coexistence case show better throughput than WiFi-only deployment case.
[image: image5.emf]0%

20%

40%

60%

80%

100%

120%

140%

160%

Baseline Fixed Flexible Fixed Flexible

WiFi+WiFiWiFi+LAAWiFi+LAALAA+LAALAA+LAA

Relative average UPT

Operator #1

Operator #2


Figure 4. LAA coexistence performance according to the transmission timing options (Indoor, 4.1 packets/s/cell)
Based on the observed benefits, we suggest carrier sensing and the consequent eNB/UE transmission can start in the middle of subframe with a reservation signal or DL/UL-SCH.

Suggestion 4: In LBT operation for LAA, carrier sensing and the consequent transmission can start is not limited to the subframe boundary

4. Random back off
As well known, random back off is an essential functionality for LBT operation to avoid collision of transmission between carrier-sensing nodes after the channel is assessed as idle. Therefore, it is straight forward to apply random back off to the DL/UL transmission in LBT operation of LAA. However, it should be further studied to which scale of transmission (e.g., per every transmission burst following carrier sensing or per group of transmission burst) random back off should be applied. Moreover, random back of may not be applied to specific channels such as, for example, DRS or SRS, to guarantee periodicity or rapidity.
Suggestion 5: random back off is applied to the DL/UL data transmission in LBT operation of LAA

In general, random back off operation can be defined as random back off counter initial value generation and random back off counter decrease. When the random back off counter value reaches zero by some back off counting algorithm, eNB/UE may start transmission. Especially considering coexistence with WiFi network, important WiFi control signaling such as ACK/NACK transmission following SIFS duration (16 us) in WiFi network [3] should be guaranteed to not corrupt WiFi network operation. For example, LAA random back off algorithm should make it sure that channel has been idle at least during SIFS duration before eNB/UE starts data transmission
Suggestion 6: It should be considered that LBT operation for LAA data transmission guarantee AP/STA’s control signal transmission following SIFS duration in coexisting WiFi network
5. Summary and conclusions

In this paper, we discussed details of the LBT operation of LAA and candidate solutions. We suggest the followings based on the discussion.
Suggestion 1: For DL LBT, baseline operation is eNB performs carrier sensing and transmits (e)PDCCH and the corresponding PDSCH if channel is assessed as idle
Suggestion 2: For UL LBT, following two options should be studied as the baseline operation based on the further clarification on the LBT regulations

· eNB schedules PUSCH and the scheduled UE performs carrier sensing. If the channel is assessed as idle, UE transmits PUSCH

· eNB performs carrier sensing and if the channel is assessed as idle, eNB schedules PUSCH transmission of the UE. The UE transmits PUSCH at a given time after the scheduling

Suggestion 3: Subframe boundary of LAA cell should be synchronized with PCell or assisting cell in licensed band by the same synchronization level in Rel-11 CA

Suggestion 4: In LBT operation for LAA, carrier sensing and the consequent transmission can start is not limited to the subframe boundary
Suggestion 5: random back off is applied to the DL/UL data transmission in LBT operation of LAA

Suggestion 6: It should be considered that LBT operation for LAA data transmission guarantee AP/STA’s control signal transmission following SIFS duration in coexisting WiFi network
6. Reference

[1] RAN1 Chairman’s Notes, RAN1#78bis
[2] R1-144905, Further regulation issues for LAA, LG Electronics

[3] IEEE standard 802.11ac
Annex: system simulation assumptions

Table A: Indoor scenario

	Layout for nodes
	The small cells are equally spaced in the center of the building for all nodes.

 SHAPE  \* MERGEFORMAT 





	System bandwidth per carrier
	20MHz

	Carrier frequency 
	5.0GHz

	Carrier number
	X (Number of nodes of each operator)
Y (Number of carrieres)
· X = 4, Y = 2

	Total BS TX power
	18 dBm (Ptotal per carrier) 

	Total UE TX power 
	18 dBm

	Distance-dependent path loss
	ITU InH [referring to Table B.1.2.1-1 in TR36.814]

	Traffic model
	FTP model 1, Packet size: 0.5 Mbytes

	BS/AP selection
	Best RSRP based cell selection

	Network synchronization
	Synchronous within the same operator and asynchronous between different operators


Table B: Wi-Fi system evaluation assumptions
	Parameter
	value

	TXOP
	4 ms 

(Asynchronous to LTE timings)

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	Contention window
	Min : 15 slot, Max : 1023 slot

	CCA-CS
	-82dBm

	CCA-ED
	-62dBm

	DL/UL Duplexing
	DL only

	RTS/CTS
	Disabled

	MCS level
	0-7
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