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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization [1]. During the LAA study item, the following were agreed regarding DL TX burst structure [2]-[4].

Agreements (RAN1#79):
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary

· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

Agreements (RAN1 LAA ad hoc):
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
Agreements (RAN1#81):

· At least the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe

· Note: This does not preclude the possibility of using different options for different subframes
· Capture the above contents in the TR

Continuing from the LAA SI, we discuss the DL TX burst structure for Rel-13 LAA in this paper, especially regarding details for TX gap and partial TTI design for LAA DL.
2. Composition of a DL TX burst
As we discussed in another paper [5], we suggest at least the following physical channels/signals can be transmitted in a subframe of a DL TX burst.

· PDCCH and EPDCCH

· CRS, URS and CSI-RS

· DRS

Moreover, we suggest both self-scheduling and cross-carrier scheduling from a licensed cell (PCell or SCell) should be supported for an LAA SCell. DL cross-carrier scheduling would be useful to guarantee HARQ gain in case of high interference situation in LAA SCell while DL self-scheduling would be useful to distribute PDCCH overhead over multiple SCells.

Suggestion #1: For LAA DL, at least the following physical channels/signals can be transmitted in a subframe of a DL TX burst

· PDCCH and EPDCCH

· CRS, URS and CSI-RS

· DRS

Suggestion #2: For LAA DL, both self-scheduling and cross-carrier scheduling from a licensed cell (PCell or SCell) are supported for LAA SCell

3. TX gap

Between subframe boundary and end or start of a DL TX burst, TX gap is necessary for the following reasons

· to enable transmission of DL(/UL) TX bursts over consecutive subframes by allowing CCA operation within a part of subframe as illustrated in figure 1(a)

· to fully utilize the maximum channel occupancy time defined by unlicensed band regulation by allowing partial subframe transmission in DL as illustrated in figure 1(b)

· to provide RX-TX or TX-RX switching time when LAA UL is introduced in future LTE releases

[image: image1.emf] 

PCell

LAA SCell

1ms TTI

TX gap Reservation signal 

CCA busy CCA idle


(a) For CCA operation
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Figure 1. Applications of TX gap for DL TX burst

Regarding position of TX gap, we prefer creating TX gap between the end of DL TX burst and the subframe boundary, because of the following reasons.

· DwPTS in conventional frame structure 2 can be largely reused for the partial TTI created by TX gap placed in the end of a subframe.

· Partial PDSCH transmission due to the existence of TX gap in the end of subframe can be indicated by PDCCH which schedules the PDSCH without requiring significant additional buffering at UE side

· Due to LBT operation and potential reservation signal transmission before TX burst transmission, eNB cannot predict how long the DL TX burst could be under the restriction on the maximum channel occupation time. Therefore, TX gap should be created in the end of the TX burst for full utilization of maximum channel occupancy time.

· TX gap placed in the end of a subframe can be aligned with the gap in a special subframe of a FS2 PCell so that half duplex UE may operate efficiently with FS2 PCell and LAA SCell.

To support TX gap in the end of a subframe, the followings are suggested

· TX gap length can be variable including 0

· To generate TX gap, reuse existing DwPTS formats in LTE frame structure 2 as much as possible

· (E)PDCCH which schedules PDSCH in a subframe indicates existence of TX gap (possibly, length of TX gap) in the subframe

Suggestion #3: In a subframe, TX gap is introduced between end of TX burst and subframe boundary

· TX gap length can be variable including 0

· To generate TX gap, reuse existing DwPTS formats in LTE frame structure 2 as much as possible

· (E)PDCCH which schedules PDSCH in a subframe indicates existence of TX gap (possibly, length of TX gap) in the subframe
4. Flexible transmission start in a subframe

As has been discussed in [6], introducing partial TTI to allow flexible start of “TX burst main part” (TX burst part excluding reservation signal or preamble) in a subframe after successful LBT provides system throughput gain. Alternatively, it has been proposed to introduce floating TTI boundary without introducing partial TTI [7]. Two alternatives are illustrated in figure 2(a) and 2(b) respectively. However, introducing floating TTI is not desirable in the following aspects.

· Floating TTI incurs large change in the UE implementation from the conventional CA design (including potential increase of UE buffering)

· Floating TTI would require modification of DL/UL HARQ timing

· Floating TTI is inefficient in TDM of DL TX bursts and UL TX bursts

· Given that DRS transmission in an LAA SCell keeps PCell subframe boundary as timing reference, floating TTI would incur complexity in multiplexing DRS and other TX bursts
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(a) Partial TTI
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Figure 2. Two alternatives of flexible transmission start for DL TX burst

Therefore, we only consider the possibility of flexible start of TX burst main part (TX burst part excluding reservation signal or preamble) in a subframe with partial TTI, which can be introduced in the following manner.

· TX burst main part can start from variable positions in a subframe including first OFDM symbol

· UE can detect the start position of TX burst main part in a subframe by detecting CRS and/or (E)PDCCH in the subframe

Suggestion #4: Consider flexible start of TX burst main part (TX burst part excluding reservation signal or preamble) in a subframe
· TX burst main part can start from variable positions in a subframe including first OFDM symbol
· UE can detect the start position of TX burst main part in a subframe by detecting CRS and/or (E)PDCCH in the subframe
5. Evaluation results of DL TX burst structure

We provide system level evaluation results of multiple options for DL TX burst structure in LAA and WiFi coexisting scenario with DL only transmission. In the evaluation, followings are assumed for DL LBT.

· DL LBT
· Initial CCA slot length and defer period is set to 34us.

· ECCA slot length is set to 8us.

· Contention window size (CWS) is variable by exponential back-off between X=16 and Y=1024.
· CWS for DL LBT is adjusted based on latest HARQ-ACK
The range of packet arrival rate is adjusted to cover buffer occupancy (BO) from 20% to 60% in the case of the baseline which is WiFi only scenario. The other simulation parameters are described in Appendix. Firstly, we compare following options for DL TX burst structure to verify performance gain by using TX gap.
· Opt 1: DL TX burst starts/ends only at subframe boundary
· Opt 2: DL TX burst starts at subframe boundary and ends at 11-th OFDM symbol
Note that last 3 OFDM symbols in the ending subframe of DL TX burst are used for TX gap in Opt 2 while there is no TX gap in Opt 1. Figure 3 and 4 show DL performances of LAA and WiFi respectively in terms of Mean UPT for the two options.
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Figure 3. DL performances of LAA with or without TX gap
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Figure 4. DL performances of WiFi with or without TX gap
It can be clearly seen from Figure 3 and 4 that the use of TX gap can improve the DL performance of LAA and WiFi. For example, mean UPT of LAA and WiFi increases by 40% and 16% respectively when packet arrival rate is 0.65.
Observation #1: For DL LBT, supporting TX gap for DL TX burst structure provides large gain.
In addition, we also evaluated multiple options of flexible starting position for DL TX burst main part of LAA. The additional options evaluated on top of the option 1 and 2 above are as follows.
· Opt 3: DL TX burst main part can start at OFDM symbol [0, 4] and ends at 11-th OFDM symbol
· Opt 4: DL TX burst main part can start at OFDM symbol [0, 4, 7, 11] and ends at 11-th OFDM symbol
· Opt 5: DL TX burst main part can start at any OFDM symbol and ends at 11-th OFDM symbol
Note that the selected OFDM symbols for flexible start of DL TX burst main part belong to CRS port 0 symbols in a subframe. Figure 5 and 6 shows mean UPT performances of LAA and WiFi respectively according to the various options on the DL TX burst start position.
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Figure 5. DL performances of LAA with flexible starting position
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Figure 6. DL performances of WiFi with flexible starting position

The evaluation results show that full flexibility over any OFDM symbols provides around 9% average UPT gain over no flexibility case in the given scenario. It is also shown that limited flexibility with 2 or 4 OFDM symbol positions can provide around 5% average UPT gain over no flexibility case in the given scenario. Considering the trade-offs of complexity and performance we can consider supporting flexible start position of TX burst main part with limited number of candidate OFDM symbol positions within a subframe. Especially, the candidate positions can be OFDM symbol 0 and 4.

Suggestion #5: If introduced, the candidate OFDM symbol positions for flexible start position of TX burst main part should be limited.
· The number of candidate OFDM symbol positions is [2]

· The candidate OFDM symbol positions are OFDM symbol [0, 4]

6. Summary and conclusions

In this paper, we discussed DL TX burst structure especially considering details for TX gap and partial TTI design. The suggestions of this paper are summarized as follows.
Suggestion #1: For LAA DL, at least the following physical channels/signals can be transmitted in a subframe of a DL TX burst

· PDCCH and EPDCCH

· CRS, URS and CSI-RS

· DRS

Suggestion #2: For LAA DL, both self-scheduling and cross-carrier scheduling from a licensed cell (PCell or SCell) are supported for LAA SCell

Suggestion #3: In a subframe, TX gap is introduced between end of TX burst and subframe boundary

· TX gap length can be variable including 0

· To generate TX gap, reuse existing DwPTS formats in LTE frame structure 2 as much as possible

· (E)PDCCH which schedules PDSCH in a subframe indicates existence of TX gap (possibly, length of TX gap) in the subframe
Suggestion #4: Consider flexible start of TX burst main part (TX burst part excluding reservation signal or preamble) in a subframe

· TX burst main part can start from variable positions in a subframe including first OFDM symbol
· UE can detect the start position of TX burst main part in a subframe by detecting CRS and/or (E)PDCCH in the subframe
Suggestion #5: If introduced, the candidate OFDM symbol positions for flexible start position of TX burst main part should be limited.

· The number of candidate OFDM symbol positions is [2]

· The candidate OFDM symbol positions are OFDM symbol [0, 4]
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Appendix A: Simulation Parameters and Assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED

-82 dBm for CCA-CS

	CCA slot length
	34 us (Initial CCA & Defer period)

8 us (ECCA)
	8 us

	TX burst length
	< 4 ms
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	HARQ
	Asynchronous HARQ

	Rate control
	Closed loop
	Open loop


