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1. Introduction

In LAA Study Item phase, design targets, functionalities and solutions for LAA were discussed. Downlink transmission timing is one of important physical layer aspects on the discussion of the solutions for LAA operation. It is described in TR36.889 [1] that LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT.
In RAN1#82bis, it was agreed that the last subframe of a DL transmission burst can have the same structure as DwPTS [2].

In this contribution we provide our views on partial TTI for LAA discontinuous transmissions. 
2. DL transmission burst
In TR36.889 [1], the DL transmission burst is defined as “Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.” In some regions, the length of the DL transmission burst is restricted by regulatory requirements on a maximum channel occupancy time, e.g. 4 ms in Japan and 10 ms in Europe. Even with such kind of restrictions, the DL transmission burst can still contain several subframes as shown in Figure 1. There are three types of TTI, Full TTI, End-partial TTI and Initial-partial TTI.
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Figure 1: DL transmission burst
2.1. End-partial TTI
In RAN1#82bis, it was agreed that DL transport block in the last subframe of a DL transmission burst can be transmitted using DwPTS structure or a full subframe. In other words, an end-partial TTI with DwPTS structure is supported for Rel 13 LAA. On the other hand, there are still several remaining issues in terms of the structure for the end partial TTI. One of the issues is whether to define additional structure that is not supported by DwPTS, e.g. a 13-symbol-long end-partial TTI. Another one is whether/how to down-select from DwPTS structures. 
A motivation on introducing of the additional structure is to increase PDSCH mapping flexibility. For example, when the DL transmission burst start at the last OFDM symbol in a given subframe, the DL transmission burst has to end no later than the beginning boundary of the last OFDM symbol in a later subframe due to the limitation of the maximum channel occupancy time. With the 13-symbol-long end-partial TTI, the DL transmission burst can max out the channel occupancy time. However, the current DwPTS structure supports 12-symbol-long TTI already and the full TTI contains 14 OFDM symbols. The benefit to define the 13-symbol-long end partial TTI is, therefore, marginal. Furthermore, given that an actual structure of the end-partial TTI is signaled, it may cause increasing of control signaling bits.
As for down-selection, some companies mentioned that there is no use case of DwPTS structure with 3 OFDM symbols, which can carry only PDCCH but neither PDSCH nor EPDCCH. In general operation, PDCCH transmission without PDSCH transmission might not make sense, since Rel-13 LAA supports DL only. However, the benefit to have DwPTS structure with 3 OFDM symbols depends on how self scheduling/cross-carrier scheduling is configured. More specifically, if some operator wants to configure DL cross-carrier scheduling from an LAA SCell, PDCCH contained in DwPTS structure with 3 OFDM symbols can carry DL assignment for another serving cell’s PDSCH in the same subframe. Moreover, if considering forward compatibility, PDCCH contained in DwPTS structure with 3 OFDM symbols may be able to carry UL grant for a later UL subframe.
Proposal 1:

· There is no need to define a 13-symbol-long end-partial TTI.
· Support of DwPTS structure with 3OFDM symbols should depend on:
· whether cross-carrier scheduling from an LAA SCell is an appropriate operation, and
· whether forward compatibility (i.e. UL grant transmission in an end-partial subframe) is considered.
2.2. Initial-partial TTI
LBT category 4 channel access framework allows the eNB, upon DL data occasion, to start LBT procedure not only at subframe boundaries but also any other timing. Once the eNB acquires the channel access, it has to keep transmitting some signals in order to reserve the channel. Otherwise, competitive nodes sense the channel as idle. If the initial-partial TTI is not supported, the LAA system wastes an average of 0.5 ms per DL transmission burst only for the reservation purpose. Such non-transmission duration is equivalent to 12.5% or more overhead, assuming the maximum occupancy time of 4 ms. Obviously, this is not an appropriate design. Therefore, we should consider introducing the initial-partial TTI though LAA WI timeline is very tight.
Proposal 2:

· Initial-partial TTI should be supported.
In RAN1#82bis, it was agreed that the UE may assume that OFDM symbol#0 containing CRS-port 0+1 (or CRS-port 0) is transmitted in every subframe subject to LBT. Hence, the UE may be able to identify the transmission based upon the CRS detection on OFDM symbol#0. On the other hand, assuming that the initial-partial TTI is supported, the UE has to be aware of the presence of the initial partial-TTI somehow. In this case there are two potential issues. One is whether or not the UE still has to try to identify the initial-partial TTI in a subframe even if the UE detected the CRS on OFDM symbol#0 in the same subframe. This can be paraphrased as whether or not an eNB can transmit an initial-partial TTI in the subframe where the eNB has transmitted an end-partial TTI. The other one is whether or not the UE still has to try to identify the initial-partial TTI in a subframe even if the UE detected DL assignment for the end-partial TTI in the same subframe. 
Observation 1:

· The following points have an large impact on LAA UE behaviour.
· Whether or not an eNB can transmit an initial-partial TTI in the subframe where the eNB has transmitted an end-partial TTI.
· Whether or not a UE can receive (decode) an initial-partial TTI in the subframe where the UE has received (been decoding) an end-partial TTI.
The former one affects how often the UE should try to identify the initial-partial TTI in a subframe. If this is not allowed, the UE might not have to perform such kind of attempt in the subframes where CRS is detected on OFDM symbol#0. However, that attempt does not require a large processing load, and the UE may anyway have a capability to perform both of the OFDM symbol#0 CRS detection and the initial-partial TTI detection within 1 ms. Furthermore, this limitation causes overhead due to the channel reservation in the cases that a given eNB tends to get successful channel accesses successively. Therefore, the eNB should be able to transmit the initial-partial TTI in the subframe where the eNB has transmitted the end-partial TTI.
On the other hand, the latter one has an impact on the number of HARQ processes, since a single subframe can carry multiple transport blocks that belong to different HARQ processes. This causes significantly increasing of the UE processing complexity as well as a large specification impact. Therefore, the UE does not need to receive (decode) an initial partial TTI in the subframe where the UE has received (been decoding) an end partial TTI.
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Figure 3: Successive transmission of DL transmission bursts
We evaluated UPT performances with and without the initial-partial TTI. In addition, we compared 1TTI/subframe/UE case with up to 2TTIs/subframe/UE case. In the 1TTI/subframe/UE case the eNB can assign an end-partial TTI and an initial-partial TTI in a subframe, but these TTIs have to be intended for the different UEs. Meanwhile, in the up to 2TTIs/subframe/UE case the eNB can assign the end-partial TTI and the initial-partial TTI to the same UE. Figure 4 shows that the initial-partial TTI brings 12%, 23%, and 35% average UPT gains in low, medium, and high load cases, respectively. On the other hand, such a large difference is not observed between the 1TTI/subframe/UE case and the up to 2TTIs/subframe/UE case.
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Figure 4: UPT comparisons.
Proposal 3:

· An eNB can transmit an initial-partial TTI in the subframe where the eNB has transmitted an end-partial TTI.
· A UE can receive (decode) an initial-partial TTI in the subframe where the UE has not detected CRS or DL assignment.
· A UE cannot receive (decode) an initial-partial TTI in the subframe where the UE has received (been decoding) an end-partial TTI.
3. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:

· There is no need to define a 13-symbol-long end-partial TTI.
· Support of DwPTS structure with 3OFDM symbols should depend on:
· whether cross-carrier scheduling from an LAA SCell is an appropriate operation, and
· whether forward compatibility (i.e. UL grant transmission in an end-partial subframe) is considered.
Proposal 2:

· Initial-partial TTI should be supported.
Proposal 3:

· An eNB can transmit an initial-partial TTI in the subframe where the eNB has transmitted an end-partial TTI.
· A UE can receive (decode) an initial-partial TTI in the subframe where the UE has not detected CRS or DL assignment.
· A UE cannot receive (decode) an initial-partial TTI in the subframe where the UE has received (been decoding) an end-partial TTI.
4. References
[1] 3GPP TR 36.889 v13.0.0 “Study on Licensed-Assisted Access to Unlicensed Spectrum (Release 13),” June 2015.
[2] 3GPP RAN1#82bis, Chairman’s note, October 2015.
5. Annex
Table A1, A2, and A3 show the details of the simulation assumption.
Table A1: General evaluation assumptions
	Parameters
	Assumptions / Values

	Deployment
	Indoor scenario

	Number of nodes
	4 per operator

	Carrier frequency
	5 GHz for unlicensed band

	UE bandwidth
	20 MHz for unlicensed band

	Number of carriers
	Single carrier

	Transmission power
	18 dBm

	Channel model
	InH

	Antenna pattern
	2D Omni-directional

	Antenna gain + connector loss
	5 dBi

	Number of UEs
	10 UEs per operator

	Traffic model
	FTP model 3 with packet size of 0.5 Mbytes

	UE receiver
	MMSE

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection
	Best RSRP/RSS-based with 0 dB handover margin
RSS threshold is -82 dBm

	Network synchronization
	Cells of the same operator: synchronized and time-aligned
Cells between different operators: unsynchronized

	Simulation step
	1 us


Table A2: WiFi system evaluation assumptions
	Parameters
	Assumptions / Values

	MCS
	802.11ac MCS table (with 256QAM)

	Antenna configuration
	1Tx 2Rx

	Channel coding
	LDPC

	Frame aggregation
	A-MPDU

	MPDU size
	1.5 kbytes

	Max PPDU duration
	4 ms

	MAC coordination
	Basic DCF
SIFS (16 us), DIFS (34 us)

	Slot size
	9 us

	RTS/CTS
	N/A

	Contention window
	Min: 15 slot, Max 1023 slot

	CCA-CS
	-82 dBm and preamble decoding

	CCA-ED
	-62 dBm

	ACK modeled
	Yes
Error free reception

ACK transmission using MCS 0 (BPSK, r = 1/2)

	DL/UL duplexing
	DL traffic only

	Rate control
	Open loop
target BLER: 0.1

	OFDM symbol length
	4 us

	UE scheduler
	Round-robin with full bandwidth allocation

	File scheduler
	FIFO


Table A3: LAA system evaluation assumptions
	Parameters
	Assumptions / Values

	MCS
	QPSK/16QAM/64QAM/256QAM

	Antenna configuration
	1Tx 2Rx

	Transmission schemes
	DMRS-based transmission

	Channel estimation
	Ideal

	Max burst transmission duration
	4 ms

	CSI feedback
	Wideband CQI, no PMI/RI

Target BLER: 0.1

	CCA-ED
	-82 dBm

	CCA time slot
	9 us

	Cyclic Prefix
	Normal CP

	HARQ scheme
	Chase combining
Maximum retransmission number = 4

	Overhead assumption
	PDCCH : 1 OFDM symbol
CRS : 1 port (antenna port 0)
DMRS: 1 port (antenna port 7)

	UE scheduler
	Proportional Fairness

	File scheduler
	FIFO

	Timing adjustment for frequency reusing
	N/A


Agreements:


DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe


FFS how to signal the structure of the last subframe


FFS whether to define a 13-symbol partial subframe


FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe


FFS down selection
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