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Introduction
The SI on Licensed-Assisted Access (LAA) to Unlicensed Spectrum [1] was completed and the outcome was captured in [2]. Based on this study, in RAN#68 meeting, a WI on LAA was approved [3]. The goal of this work item is to specify LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum which enables operation of LTE in the 5GHz unlicensed spectrum for low power secondary cells based on regional regulatory power limits using carrier aggregation. In this contribution, we present our views on the design of partial subframe for LAA.
Possible candidates for PDSCH transmission
The LBE based LBT scheme may be a baseline as the channel access mechanism for DL transmission in LAA. LBE may occupy the channel at any time given random traffic arrival and extended CCA. As the subframe timing of the LAA SCell is synchronous with the licensed PCell subframe timing, LAA eNBs or UEs may access channel at any time in a subframe where LBT is performed with LBE. As a consequence, channel access time may not be at the boundary of a LBT subframe or even not at an OFDM symbol boundary.
In the last RAN1#82 meeting, the following agreements were reached.
· 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)
For Option 1, a partial subframe may be used for DL transport block transmission. Other than the partial subframe, all the other subframes during the channel occupancy time are aligned with the licensed PCell. Thus, existing mechanisms related to both self and cross carrier scheduling, HARQ timing determination and CSI feedback timing can be reused for LAA. Separate coding and scheduling for the partial subframe are assumed for Option 1 as well. However, the handling of the partial subframe for data transmission needs some specification efforts. More details about the partial subframe design are discussed in section 3 below.
For Option 3, the handling of partial subframe for data transmission is avoided and a floating subframe is created. Existing PDSCH scheduling can be reused without considering the variable available number of OFDM symbols. However, all the floating subframes on the unlicensed SCell during the channel occupancy time may not be aligned with the subframe boundary of the licensed PCell. In other words, a floating subframe on LAA SCell will likely cross the boundary of two subframes on PCell. Furthermore, due to the randomness of the starting position of floating subframe on LAA SCell, the portions of the floating subframe corresponding to those two PCell subframes can vary over time. As a consequence, timing relationships for cross carrier scheduling, HARQ timing determination and CSI feedback timing for those floating subframes need much more specification work. Table-1 summarizes the comparison of Option 1 and Option 3.
Table-1 comparison of Option 1 and Option 3
	
	Option 1
	Option 3

	Transmission efficiency
	Depending on the number and position of the starting OFDM symbols in the partial subframe
	Depending on the number and position of the starting OFDM symbols in the partial subframe

	eNB scheduling complexity 
	Preparation of multiple PDSCHs with different TBSs corresponding to different starting positions is needed. If the start position is limited, the complexity increase in eNB may not be an issue.
	Preparation of one PDSCH is needed 

	UE receive complexity
	Special handling for the partial subframe is needed.
	Special handling for all the floating subframes is needed if the RE mapping in the floating subframe is different from the current subframe, 

	Specification impact (except the common impact for both options)
	HARQ-ACK timing for partial subframe should be considered.

	- HARQ-ACK timing for All the floating subframes should be considered.
- CSI measurement
- DRS collision handling


Considering the specification efforts and complexity to support the three options, we have the following proposal.
Proposal 1: a DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe.
Possible design for the partial subframe
As discussed in section 2, partial subframe is proposed for data transmission. Due to the different CCA locations and the limitation on maximum transmission duration, there will be two types of partial subframe as listed below, which are shown in Figure 1 as an example.
Type 1: start at the subframe boundary and end at the middle of subframe.
Type 2: start at the middle of subframe and end at the subframe boundary.
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Figure 1: Type 1 and Type 2 subframe for LBE
Design considerations for Type 1 partial subframe
There is some similarity between Type 1 subframe and the DwPTS in special subframe of TDD. In TDD, there are 6 configurations for DwPTS for normal CP and 5 configurations for extended CP. In the current specification, the number of OFDM symbols in DwPTS is 3, 6, 9, 10, 11, 12 for normal CP and 3, 5, 8, 9, 10 for extended CP. As illustrated in Figure 1, the Type 1 partial subframe is located at the end of a transmission burst. Proper setting of the COT by eNB can make sure the Type 1 partial subframe fall into one of the DwPTS configurations at the expense of not fully utilizing the maximum occupying time. But this may not be a big issue, as the COT also depends on the traffic demand and always setting the COT to the maximum COT may not always be necessary. Therefore, following the DwPTS configurations for Type 1 subframe design is a simple and straight forward solution, without additional specification effort.
Proposal 2: The design of Type 1 partial subframe which start at the subframe boundary and end at the middle of subframe should follow DwPTS design. 
Design considerations for Type 2 partial subframe
Due to random property of LBE based LBT mechanism, the eNB may occupy the unlicensed spectrum at anytime. This will also result in random start position of the Type 2 partial subframe. Since Type 2 partial subframe is located at the start of a transmission burst, and the eNB may not have enough time to prepare UE data due to variable OFDM symbols and associated UE indication. In such case, the UE has to blindly detect the possible start position for Type 2 partial subframe. In order to reduce UE blind detection complexity and power consumption as well as reduce eNB processing time to prepare PDSCH data, some restrictions for the CCA should be taken into account. For example, CCA is only allowed in the first N OFDM symbols [4]. With this design, the start position of Type 2 partial subframe would also be restricted to be N possibilities. This design not only simplifies the possible number of OFDM symbols for PDSCH in Type 2 partial subframe but also enables UE detection of the start of partial subframe and hence the start of DL transmission burst when an LAA specific signal such as initial signal can be transmitted at the beginning of the burst [5]. As a consequence, the number of OFDM symbol configurations in Type 2 partial subframe for PDSCH is limited as well. 
Proposal 3: the number of OFDM symbol configurations of Type 2 partial subframe which start at the middle of subframe should be limited.
Secondly, the control signalling for the PDSCH transmitted in Type 2 subframe should be considered. For cross-carrier scheduling, the licensed carrier may not know whether the unlicensed carrier is available at the beginning of current subframe, and hence it may not prepare for the control signalling for such scheduling. Therefore, the control signalling for the PDSCH scheduling in Type 2 partial subframe may be transmitted in the next subframe. If self-scheduling is used, the control signalling can be transmitted in the current subframe or in the next subframe as well. For transmitting in the current subframe, EPDCCH may be more appropriate since there may be no PDCCH region in Type 2 partial subframe if legacy DL subframe is used. 
As for the DL HARQ-ACK timing, although it was agreed that the DL HARQ-ACK timing rules from Rel-12 CA can be reused at least for DL-only LAA transmissions, i.e., the timing between the subframe in which a LAA PDSCH transmission ends and the subframe in which the corresponding HARQ-ACK feedback is transmitted follows the DL HARQ-ACK timing based on Rel-12 FDD-FDD and TDD-FDD CA specifications assuming that the LAA SCell is an FDD SCell. Such agreement is assuming that the PDSCH and the corresponding (E)PDCCH are transmitted in the same subframe. Therefore, it may be applicable for normal subframe in the LAA SCell, but it needs more consideration for the Type 2 partial subframe as the (E)PDCCH for the PDSCH in the Type 2 partial subframe may be transmitted in the next subframe, which is a new scenario comparing to Rel-12. Two options can be considered.
Option-1: the HARQ-ACK feedback timing is based on the subframe where PDSCH is transmitted;
Option-2: the HARQ-ACK feedback timing is based on the subframe where (E)PDCCH is transmitted.
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(a) Option 1                                                                       (b) Option 2
Figure 2. options of DL HARQ timing for LAA SCell
For Option-1, since the control signalling for the PDSCH is in the next subframe, the processing time for PDSCH in partial subframe is less than normal subframe, which may cause higher processing requirement for the UE. Also, in case of cross-carrier scheduling, PUCCH resource collision may occur because same CCE index may be used for (E)PDCCH in different subframes if PUCCH format 1b with channel selection is configured for HARQ-ACK feedback. Although such PUCCH resource collision problem can be solved by eNB implementation, it will increase the complexity for eNB scheduling. The benefit of Option-1 is that the existing HARQ-ACK feedback timing for CA with FDD PCell can be reused.  
As for Option-2, the problems mentioned in Option-1 can be avoided. But new DL HARQ timing should be defined and some specification effort may be needed for the HARQ-ACK feedback.
Observation: If (E)PDCCH for the PDSCH of a partial subframe is transmitted in the next subframe, the DL HARQ-ACK timing as well as the HARQ-ACK feedback should be taken into account. 
Finally, the DMRS pattern should also be considered for Type 2 partial subframe. The DMRS patterns for DwPTS and normal subframe are different as defined in the current specification. Therefore, two alternatives for the DMRS pattern design for the Type 2 partial subframe can be considered.
Alternative-1: shift the DwPTS DMRS pattern to the end of partial subframe.
Alternative-2: truncate the normal subframe DMRS pattern from the start of partial subframe.
If both PDCCH and EPDCCH are supported in the LAA SCell, Alternative-1 may be considered because truncation of normal subframe will result in the absence of PDCCH region. However, shifting the DwPTS DMRS pattern may have new positions of DMRS which in turn will introduce channel estimation complexity. With CCA restricted to the first N OFDM symbols, Alternative-2 is preferred.
Indication for the partial subframe
As mentioned above, due to random property of LBE based LBT mechanism, the start position of a Type 2 partial subframe is also random. The following options for UE to obtain the starting position of a partial subframe should be considered.
Option-1: blind detection of the initial signal.
Option-2: explicit signalling
For Option-1, initial signal is transmitted after the CCA success, and the PDSCH in the partial subframe starts in a fixed position relative to the initial signal. For example, the PDSCH in the partial subframe starts at the first full OFDM symbol after the initial signal. In this way, after blind detection of the initial signal, the UE will know when the PDSCH will start. With CCA restriction, the complexity and UE power consumption due to blind detection of initial signals may not be a big issue. For Option-2, the start position of PDSCH in the partial subframe is carried by a DCI in the next subframe. This is suitable for the case when the control information for the partial subframe is transmitted on the next subframe. In this case, a new control field indicating the start position of PDSCH is introduced in the DCI. UE blind detection is reduced compared to Option-1. However, it requires the UE to buffer all the data symbols of this partial subframe and perform demodulation/decoding after DCI is received in the next subframe.
Similarly, the channel occupancy time will vary as well for various transmission burst. Thus, a control field to indicate the length of transmission burst should be introduced to avoid UE blind detection.
Proposal 4: the channel occupancy time should be indicated by explicit signalling.
For Type 1 partial subframe, the UE needs to know the ending position of a PDSCH transmission. Since Type 1 partial subframe is located at the end of a DL transmission burst, the UE is able to figure out the ending position of Type 1 partial subframe as the UE has already known the start position of Type 2 partial subframe and COT.
Continuous occupancy mode
To comply with the max channel occupancy time regulation, an LAA SCell which has a bulk of data for a UE has to divide it into to small parts to transmit in several occupancy durations which should not exceed the max COT limit. The usage of channel is expected as continuous occupancy with time gap for performing LBT/CCA; accordingly the fine synchronization and the CSI need to be maintained through adjacent occupancy durations. However, if the time interval between two data bursts is long, the fine synchronization can be lost and the CSI can be outdated. Then fine synchronization and CSI measurement must be re-performed before the transmission of next burst. To save this time before each burst in this case, the time interval between two data bursts should be minimized as much as possible. 
It is agreed in the last RAN1 meeting that “there should be at least one extended CCA between two consecutive DL transmission bursts.” With proper ECCA parameters, the time interval between data bursts can be minimized, and the synchronization and CSI consistency can be maintained. However, only performing ECCA to control the gap until all data bursts have been successfully delivered is unfair to other network nodes which always perform complete LBT procedure including ICCA and ECCA. In order to solve this problem, a continuous occupancy mode with time limit can be defined. In the continuous occupancy mode, the whole occupancy duration can be divided into several sub-occupancy durations which are limited by the regulation. Meanwhile, the data is also divided into sub-bursts, and every data sub-burst is supposed to be transmitted in one sub-occupancy duration. The time gap between the adjacent sub-occupancy durations is reduced by only performing ECCA procedure. Moreover, the maximum number of sub-occupancy durations contained in one continuous occupancy duration is defined by N, in that the whole length of a continuous occupancy is limited. After one continuous occupancy duration, a normal LBT should be performed even there is still data to be transmitted. With this limit, other network nodes can get opportunities to access the channel. 
Proposal 5: Continuous occupancy mode which includes limited number of sub-occupancy durations with small gap can be defined to suit big data transmission.
Conclusion 
In this contribution, we present our views on the design of partial subframe. In conclusion, we have the following observation and proposals:
Proposal 1: a DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe.
Proposal 2: The design of Type 1 partial subframe which start at the subframe boundary and end at the middle of subframe should follow DwPTS design. 
Proposal 3: the number of OFDM symbol configurations of Type 2 partial subframe which start at the middle of subframe should be limited.
Observation: If the (E)PDCCH for the PDSCH of a partial subframe is transmitted in the next subframe, the DL HARQ-ACK timing as well as the HARQ-ACK feedback should be taken into account.
Proposal 4: the channel occupancy time should be indicated by explicit signalling.
Proposal 5: Continuous occupancy mode which includes limited number of sub-occupancy durations with small gap can be defined to suit big data transmission.
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