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3GPP studied the use of unlicensed spectrum in combination with licensed spectrum and reported the results in [1]. Taking these results into consideration, RAN#68 approved a new WI “Licensed-Assisted Access using LTE” for specifying LAA SCells operations with only DL transmissions [2]. In addition, the following discussion about the DL TTI was agreed in the RAN1 #82[3]: 
	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)



Furthermore, following were agreed in the previous RAN1 meeting [5]:
	Agreements:
· Adopt one or some of the following options for detecting transmissions (except for partial subframe) from a serving cell:
· Option 1: Initial signal (SSS/PSS) is transmitted before the first data/control OFDM symbol of the DL transmission burst
· Option 2: 1 CRS-port 0 (+ 1) OFDM symbols are transmitted in every subframe
· Option 3: Detecting (E)PDCCH when scheduled



	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



In this contribution, we provide our view on DL transmission design for the partial TTI (Option1).
DL transmission design
According to the reported results in [1], Category 4 LBT mechanism is the baseline at least for the LAA DL transmission bursts containing PDSCH. If Category 4 LBT mechanism is applied to the PDSCH transmissions, we need to discuss the DL transmission timing, the reservation signal which reserves the channel and signal for detecting the transmission (e.g. initial signal (PSS/SSS)/CRS/PDCCH/EPDCCH). We show our overview of DL transmission design in Figure 1. In this section, we discuss the details of the DL transmission timing and signal designs.
 [image: ]
Figure 1 Overview of DL transmission

Start timing of DL transmission
CCA ends regardless of subframe boundary when Category 4 LBT mechanism is applied. Therefore, a reservation signal may be transmitted to reserve the channel. After the reservation signal is transmitted we have two choices for the DL data transmission start timing. The two choices are whether the DL data transmission should occur at the next subframe boundary or not.
Considering the frequency efficiency, DL data transmission should be able to start without waiting for the next subframe boundary. This becomes essential in the case when the maximum DL transmission burst duration is short (e.g. max 4ms burst in the regulations in Japan). For example, when reservation signal is transmitted during all of the partial subframe, reservation signal occupies maximum 25% of DL burst transmission in case of 4ms burst transmission. However, if the transmission on any OFDM symbol is allowed for the DL transmission start time then it causes high computational load and complexity for both the eNB and the UE. For example, eNB has to prepare plurality of packets with different TBSs for PDSCH because eNB does not know when the CCA will end. Additionally, the UE must search all the possible start times of the DL data transmission because UEs are aware of the start time of the DL transmission. Therefore, the possible start timing should be limited to a certain number of OFDM symbols. Considering the specification impact, length of first subframe should be aligned with DwPTS structure. Therefore, the start timing of OFDM symbols should be subset of subframe # {2, 3, 4, 5, 8} without initial signal since variable length of DwPTS structure is {6, 9, 11, 12} except for length of {3}. We believe the length of DwPTS structure with {3} should not be supported since that length do not support to transmit the PDSCH in the current specification, If initial signal is applied, start timing should be shifted according to the length of initial signal.
Proposal 1: RAN1 should limit the start time of the DL data transmission due to reduce computational load. Taking specification impact into account, the start timing of OFDM symbols should be restricted to be aligned with length of DwPTS. 

Reservation Signal
There is a time gap between ending of the CCA and the start time of the DL data transmission. If eNB doesn’t transmit anything during this time gap, other devices (e.g. APs or other operator’s eNB) may occupy the channel. Therefore, eNB should transmit the reservation signal to fill in this gap.
Proposal 2: Reservation signal should be used to prevent interruption by other devices.

The reservation signal is divided into two patterns according to whether the length of reservation is shorter than an OFDM symbol or not. If time length of reservation signal is shorter than one OFDM symbol, this gap is not long enough to transmit any data. However, eNB can transmit the CP (cyclic prefix) extension of next OFDM symbol in this gap as discussed in [4] (see figure 2(a)). The transmission of the CP extension improves the detection performance of the initial signal. However, if the total duration of the reservation signal that includes the CP extension portion and the next OFDM symbol CP is greater than one effective OFDM symbol length then UE may not be able to determine the symbol-timing due to dual-peak detection. (e.g. reservation signal = 60us and CP = 16.7us) (Figure2 (b)). 
Proposal 3: In the case that reservation signal is shorter than one OFDM symbol, at least a part of reservation signal should be used as CP extension. However, the total duration of CP extension and the next OFDM symbol CP should be shorter than the effective OFDM symbol length.



Figure 2 Reservation signal within one OFDM symbol case
On the other hand, if time length of reservation signal is longer than one OFDM symbol, eNB would transmit redundant data which may be used for supporting DL data transmission. However, reservation signal shouldn’t include any critical data that UE must receive. One option is using as the CP extension just before the start timing of DL data transmission only. 
Proposal 4: When reservation signal is longer than one OFDM symbol, reservation signal shouldn’t include any critical data that UE must receive in order to avoid UE complexity.

Signal for detecting transmission
In the previous RAN1 meeting [5], three options were identified for detecting the transmissions. In our view, the computational load for detection are almost same for both the option1 (Initial signal (PSS/SSS)) and the option2 (CRS-port 0). On the other hand, blind detection with (E)PDCCH is basically computationally intensive compared to other options since UE must carry out decoding process until the CRC check is done. In addition, UE(s) cannot know in advance when the DL transmission will start in unlicensed band due to LBT and self-scheduling. We believe we should maintain the computational load of detection as low as possible.
Proposal 5: RAN1 should support only option1 and option2 for detecting transmission since detecting (E)PDCCH causes high computational load in unlicensed band.

Comparing the option1 and the option2, there are some pros and cons. Option1 is beneficial from synchronization performance perspective when the UE does not receive DRS which include the synchronization signal for a long period of time before receiving the DL data transmission. On the other hand, the option1 needs more resource elements (e.g. 2 OFDM symbols) compared to the option2. Especially, if initial signal is used in all the subframes, then excessive number of resource elements used for detection. In addition, we assume multiple PSS/SSS or mapping CRS other than central 6RB are necessary for reserving the channel when partial overlapping case is occurred between different eNBs (Figure 3). 
If option2 is applied for the DL transmission detection, there are no more specification impacts. However, if UE(s) must receive all OFDM symbols (e.g.1/2 or 4/6 OFDM symbols) with CRS-port 0(+1) to satisfy the detection requirement, the UE should buffer and wait until the reception of all the OFDM symbols. One solution is that first OFDM symbols which include CRS are only used for the detection. In this case, the UE achieves a fast detection and does not need buffering. If probability of CRS detection with first OFDM symbol satisfies detection requirement, it might be beneficial for the UE(s). Table 1 (below) shows the summary of our views regarding option1 and option2.
Proposal 6: If option1 is applied for the DL transmission detection, RAN1 should also introduce multiple PSS/SSS or mapping CRS other than central 6RB
Observation 1: If option2 is applied for the DL transmission detection, detection of the first OFDM symbol which includes CRS is beneficial for the UE(s).

Table 1 Summary about option1 and option2.
	
	Pros
	Cons

	Option1
	· Beneficial for the case when the UE does not receive the DRS for a long time
· Fast detection
	· Need many resource elements
· Can’t reserve the channel in the partial overlapping case

	Option2
	· No specification impact

	· Need buffer and excess time to detect if the UE must wait to receive all of the OFDM symbols including the CRS
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Figure 3 Example of partial overlapping case               Figure 4 Example of multiple PSS/SSS

PDCCH/PDSCH

Basically, we prefer not to change the PDCCH. However, PDSCH format can be changed in the partial subframe. Partial subframe is divided into the first subframe and last subframe of DL Tx burst. In the previous RAN1 meeting [5], DL transport block in the last partial subframe can be transmitted using DwPTS structure, while the first partial subframe of DL transport block is not decided yet. We support to use similar structure to DwPTS in the first subframe of DL Tx burst as well because the specification impact is very small like the first partial subframe case. If initial signal is involved in the full subframe, transport block determination should not use the same scheme as the full subframe. In this case, transport block should be also calculated as the DwPTS structure (e.g. [6]).
Proposal 7: The first subframe of a DL Tx burst can be transmitted using similar structure to DwPTS, or a full subframe.

Conclusions
In this contribution, we provided our views on DL data Transmission design. We have following observation and proposals.
Observation 1: If option2 is applied for the DL transmission detection, detection of the first OFDM symbol which includes CRS is beneficial for the UE(s).
Proposal 1: RAN1 should limit the start time of the DL data transmission due to reduce computational load. Taking specification impact into account, the start timing of OFDM symbols should be restricted to be aligned with length of DwPTS. 
Proposal 2: Reservation signal should be used to prevent interruption by other devices.
Proposal 3: In the case that reservation signal is shorter than one OFDM symbol, at least a part of reservation signal should be used as CP extension. However, the total duration of CP extension and the next OFDM symbol CP should be shorter than the effective OFDM symbol length.
Proposal 4: When reservation signal is longer than one OFDM symbol, reservation signal shouldn’t include any critical data that UE must receive in order to avoid UE complexity.
Proposal 5: RAN1 should support only option1 and option2 for detecting transmission since detecting (E)PDCCH causes high computational load in unlicensed band.
Proposal 6: If option1 is applied for the DL transmission detection, RAN1 should also introduce multiple PSS/SSS or mapping CRS other than central 6RB
Proposal 7: The first subframe of a DL Tx burst can be transmitted using similar structure to DwPTS, or a full subframe
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