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1. Introduction

In RAN1#82, the following was agreed regarding DL transmission burst structure [1]. This contribution discusses design options for DL transmission burst and provides evaluation results on design options.
	Agreements:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell

· 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 (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· 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 (i.e. Floating TTI)


2. TX gap

Between consecutive transmission bursts, TX gap shorter than 1 ms TTI 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
· to provide RX-TX or TX-RX switching time when LAA UL is introduced in future LTE releases

We consider two options regarding the location of TX gap as follows:
· Option 1: TX gap is located between the end of DL TX burst and the subframe boundary as shown in Figure 1(a).

· Option 2: TX gap is located between the subframe boundary and the start of DL TX burst as shown in Figure 1(b).
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(a) Option 1
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(b) Option 2
Figure 1. Location of TX gap

We provide the evaluation results for both two options compared with no TX gap case. Specifically, we compare following schemes. The detailed simulation assumption is illustrated in Appendix.
· No TX gap: TX burst main part (TX burst part excluding reservation signal or preamble) starts at subframe boundary and ends at subframe boundary.
· Opt 1: TX burst main part starts at subframe boundary and ends at 11-th OFDM symbol.

· Opt 2-1: TX burst main part starts at 4-th OFDM symbol and ends at subframe boundary.

· Opt 2-2: TX burst main part starts at 8-th OFDM symbol (second slot boundary) and ends at subframe boundary.

From Figure 2, we can observe that the use of TX gap can significantly improve the DL performance of both LAA and WiFi. For example, the average UPT of LAA and WiFi increases by about 30% and 20% respectively when packet arrival rate is 0.65. We can also observe that Opt 2-1 outperforms Opt 2-2, which means that the impact of transport block size reduction on DL performance is much severe than that of increased channel access probability due to larger TX gap.
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Figure 2. Average UPT with respect to packet arrival rate for indoor WiFi-LAA coexistence scenario: (a) WiFi performance and (b) LAA performance

Observation 1: For DL LBT, substantial performance gain can be achieved by introducing TX gap for DL TX burst structure.
3. PDSCH transmission in a DL subframe

As mentioned in Section 1, the remaining options for PDSCH transmission in a DL subframe are partial TTI and floating TTI [2]. Two options are illustrated in Figure 3(a) and 3(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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(b) Floating TTI
Figure 3. Two alternatives of DL TX burst

Therefore, we only support partial TTI option that a DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe.

Suggestion 1: A DL transport block should be transmitted on a subset or all of the OFDM symbols in the DL subframe, where partial TTI is supported to generate TX gap in the starting part or ending part of a subframe.

4. The structure of DL transmission burst
According to the observation from evaluation results, TX gap is essential and partial TTI should be supported to utilize wireless resource efficiently. eNB should have a flexibility on the choice between partial subframe and full subframe when scheduling any subframe.
If EPDCCH for a LAA SCell can be transmitted in end partial subframe as well as in full subframe, specification impact may not be small. This is because in current LTE specification, UE does not expect EPDCCH/DM-RS which ends at subframe boundary and EPDCCH/DM-RS which ends earlier than subframe boundary at the same time. In order to support this kind of operation, the UE behaviour of switching in a subframe blindly between EPDCCH/DM-RS structure for special subframe (DwPTS) and normal DL subframe should be supplemented.
Considering above specification impact and practical Rel-13 time schedule, two alternatives can be considered.
· Alt. 1: For self-carrier scheduling, UE configured with PDCCH can be scheduled with end partial TTI and UE configured with EPDCCH can be scheduled with start partial TTI. In other words, depending on whether the UE is configured with PDCCH or EPDCCH, eNB may choose one of full TTI, start partial TTI, and end partial TTI in each subframe.

· Alt. 2: For self-carrier scheduling, UE can be scheduled with start partial TTI regardless whether the UE is configured with PDCCH or EPDCCH. In other words, eNB may choose one of full TTI and start partial TTI in each subframe (partial TTI length may be different between PDCCH case and EPDCCH case)

· FFS support of partial TTI for cross-carrier scheduling case
· Note: “Start/end partial TTI” means partial TTI generated with TX gap in the starting/ending part of a subframe
Even without start partial TTI, start position of DL transmission burst can be varied within a subframe due to channel reservation and it is desirable to efficiently utilize maximum channel occupation time. Thus, it is beneficial to support flexible ending positions (i.e., more than 1 position including subframe boundary) of DL transmission burst. This gain can be achieved at least for end partial TTI scheduled with PDCCH as in Alt. 1, where PDCCH which schedules PDSCH in a subframe indicates the presence of TX gap (possibly, length of TX gap).
In addition, if reduced CRS subframe (e.g., MBSFN structure) is introduced for CRS overhead reduction, it may not be applied to partial subframe (especially to start partial subframe) considering synchronization and demodulation performance aspect.
Suggestion 2: In each DL transmission burst,
· Alt. 1: For self-carrier scheduling, UE configured with PDCCH can be scheduled with end partial TTI and UE configured with EPDCCH can be scheduled with start partial TTI. In other words, depending on whether the UE is configured with PDCCH or EPDCCH, eNB may choose one of full TTI, start partial TTI and end partial TTI in each subframe.

· Alt. 2: For self-carrier scheduling, UE can be scheduled with start partial TTI regardless whether the UE is configured with PDCCH or EPDCCH. In other words, eNB may choose one of full TTI and start partial TTI in each subframe (partial TTI length may be different between PDCCH case and EPDCCH case)

· FFS support of partial TTI for cross-carrier scheduling case
· Note: “Start/end partial TTI” means partial TTI generated with TX gap in the starting/ending part of a subframe
Suggestion 3: PDCCH which schedules PDSCH in a subframe indicates existence of TX gap (possibly, length of TX gap) in the subframe.
Suggestion 4: If reduced CRS subframe (e.g., MBSFN structure) is introduced, it may not be applied to partial subframe.
5. Summary and conclusions

In this contribution, we discussed DL TX burst structure especially considering details for TX gap and partial TTI design. The observation and suggestions of this contribution are summarized as follows.
Observation 1: For DL LBT, substantial performance gain can be achieved by introducing TX gap for DL TX burst structure.

Suggestion 1: A DL transport block should be transmitted on a subset or all of the OFDM symbols in the DL subframe, where partial TTI is supported to generate TX gap in the starting part or ending part of a subframe.

Suggestion 2: In each DL transmission burst,
· Alt. 1: For self-carrier scheduling, UE configured with PDCCH can be scheduled with end partial TTI and UE configured with EPDCCH can be scheduled with start partial TTI. In other words, depending on whether the UE is configured with PDCCH or EPDCCH, eNB may choose one of full TTI, start partial TTI and end partial TTI in each subframe.

· Alt. 2: For self-carrier scheduling, UE can be scheduled with start partial TTI regardless whether the UE is configured with PDCCH or EPDCCH. In other words, eNB may choose one of full TTI and start partial TTI in each subframe (partial TTI length may be different between PDCCH case and EPDCCH case)

· FFS support of partial TTI for cross-carrier scheduling case

· Note: “Start/end partial TTI” means partial TTI generated with TX gap in the starting/ending part of a subframe
Suggestion 3: PDCCH which schedules PDSCH in a subframe indicates existence of TX gap (possibly, length of TX gap) in the subframe.
Suggestion 4: If reduced CRS subframe (e.g., MBSFN structure) is introduced, it may not be applied to partial subframe.
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7. Appendix: 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
	Initial CCA: 43 us

Extended CCA: 8 us

Defer period: 43 us
	8 us

	Contention window size (CWS)
	X (minimum contention window size) = 15

Y (maximum contention window size) = 63

	CWS adjustment
	Based on HARQ-ACK/NACK feedback

	TX burst structure
	Starts at SF boundary and ends at 11-th OFDM symbol
	

	TX burst length
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	Rate control
	Closed loop
	Open loop
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