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1. Introduction 
This contribution discusses and presents views on frame structure support in unlicensed band operation for new RAT (NR). The discussion focuses on unlicensed band under 6GHz.   
2. Flexible frame structure
2.1. LBT impact on frame structure 

Listen before talk (LBT) is the most important feature in unlicensed band operation. Depending on the type of LBT, and the priority class, the maximum transmission duration can change. Below is a summary of priority class within CAT 4 LBT. We expect similar LBT rule will be adopted in NR, to ensure fair coexistence with LAA/eLAA and WiFi. 

	
	CWmin
	CWmax
	n
	MCOT (ms)
	Set of CWSs

	1
	3
	7
	1
	2
	{3, 7}

	2
	7
	15
	1
	3
	{7, 15}

	3
	15
	63
	3
	10 or 8
	{15, 31, 63}

	4
	15
	1023
	7
	10 or 8
	{15,31,63,127,255,511,1023}


Observation 1: Similar LBT procedure is needed to ensure WiFi and LAA coexistence. 
2.2. Support of variable size TTI at the beginning of burst

With eNB or UE perform CAT 4 LBT, eNB or UE can win the medium at any time within a subframe. In rel-13 LAA, eNB can only start transmission at slot/subframe boundaries, which will result in resource waste and degradation of both LAA and WiFi performance. 
In new RAT, it is preferable to use larger subcarrier spacing with smaller symbol duration. Also eNB or UE should be able to send transport block whenever it finished CAT4 LBT, resulting in dynamic TTI size.   

Observation 2: Smaller symbol duration and dynamic TTI size can minimize padding and improve spectrum efficiency.  

2.3. Full flexible DL and UL transmission within one burst  

In unlicensed band operation, according to the LBT priority class, the transmission burst duration can be dynamic. In addition, the DL/UL traffic is also dynamic within one burst transmission. From frame structure point of view, this requires fully flexible frame structure, for example all DL subframe bursts, all UL subframe bursts, and multiple DL and UL switching within one burst. This is generally well aligned with the flexible frame structure proposal in new RAT.    
Observation 3: Frame structure should allow flexible DL/UL transmission within a transmission burst 
2.4. Processing delay
Processing delay is another important topic in frame structure discussion. Unlike licensed band where the processing delay mainly impacts on L1 latency, smaller processing delay can play a more important role in unlicensed band. There are two main components of processing delay: 

· Processing delay between PDCCH reception and PUSCH transmission. Longer processing delay can cause inefficient UL scheduling. With processing delay, e.g., 4ms in LTE, the number of UL subframes can be scheduled within the same burst is limited. Cross-burst scheduling has been introduced to address this issue. Since the scheduled UL transmission is outside of current burst, UE needs to perform individual CAT4 LBT before transmission. If UE can not finish CAT 4 LBT, the scheduled UL resource will be wasted. Smaller processing delay can improve the UL grant efficiency.   

·  Processing delay between PDSCH reception and ACK/NACK transmission. Low processing delay between PDSCH reception and ACK/NACK transmission will reduce the inter-burst dependency of data transmission and ACK/NACK feedback. In addition, if ACK/NACK is transmitted within 16us, no LBT is required, which can improve the DL performance by reducing the probability of failed ACK/NACK transmission due to LBT.    
Observation 4: Low processing delay can improve UL performance and UL ACK/NACK transmission. 
2.5. UL schedule announcement to all UEs  

In unlicensed band transmission, it is desirable to broadcast the UL schedules to all UE within the cell. The announcement of UL schedule to all UE provides similar functionality to WiFi network availability vector (NAV) setting. The benefits include:

· For UE not scheduled for the next few subframes, UE can stop monitor PDCCH and save power. 

· This can be also useful to provide forward compatibility to features like grant-less transmission or D2D transmission. Since UE CCA sensing for UL transmission is not as reliable as DL, hidden node problem can happen. Once NAV is set to all UEs using the UL schedule announcement, the grant-less transmission or D2D transmission will be presented, avoiding collision with the scheduled UL transmission.   

 Proposal 1: Design signalling in common search space to announce the UL schedules to all UEs, to avoid future potential collision with grant-less transmission and D2D.
2.6. Flexible gap size
In unlicensed band transmission, different gap sizes are needed as shown in Fig. 1. In Fig. 1(a), 16us rule can be used to avoid CCA sensing before the UL transmission. In Fig 1(b), UE2 need to perform CCA sensing plus the Rx to Tx switching, which requires 25us gap duration. In Fig. 1(c), where in the first subframe UE1 is frequency division multiplexed together with UE2, while in the second subframe, UE 1 is frequency division multiplexed together with UE3. In this case, UE1 need to perform Tx to Rx switching, CCA sensing and Rx to Tx switching in one gap.   
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Fig. 1 Example of gap size in unlicensed band
Proposal 2: Frame structure should allow flexible gap time for different CCA and Tx/Rx switching requirement.  
3. Conclusion  
In this document, we provided our views frame structure design consideration for <6GHz unlicensed band. The observations and conclusion are copied below. 
Observation 1: Similar LBT procedure is needed to ensure WiFi and LAA coexistence  
Observation 2: Smaller symbol duration and dynamic TTI size can minimize padding and improve spectrum efficiency.  

Observation 3: Frame structure should allow flexible DL and UL transmission within a burst 
Observation 4: Low processing delay can improve UL performance and UL ACK/NACK transmission. 
. 
Proposal 1: Design signalling in common search space to announce the scheduled UL schedules to all UEs, to avoid future potential collision with grant-less transmission and D2D.
Proposal 2: Frame structure should allow flexible gap time for different CCA and Tx/Rx switching requirement.   
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