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1 Introduction

In RAN1 #78bis meeting, it was agreed that Listen-before-talk (Clear channel assessment) and discontinuous transmission are two of the identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system [1]. In this contribution, based on these functionalities, an overview of design for LAA with DL only transmissions is discussed.
2 Discussion
2.1 Overview of main PHY designs for DL in LAA
Regardless of Listen-before-talk (LBT) or discontinuous transmission, such as channel access mechanism regulated in Japan, equipments should apply instantaneous channel sensing before transmission, and occupy the channel with limited duration after successful access. This provides an opportunistic channel access mechanism for co-channel coexistence among different devices operating in unlicensed spectrum.
Since data transmissions with the opportunistic channel access mechanism are not always aligned with LTE frame boundary, e.g. the time permitted to transmit may not always be at the subframe boundary, it would be necessary to adjust the TTI start as well as end times to meet the requirement of the opportunistic channel access mechanism. 
On the other side, in most regions, it is regulated that a transmission burst has a limitation of the maximum channel continuous occupancy time. For example, the maximum channel continuous occupancy time can be 10ms or 13ms in Europe and 4ms in Japan [2]. Therefore it would be beneficial to adopt fast LAA Scell on/off for the efficient operation. The corresponding UE behaviour to support reliable detection on the fast LAA Scell on/off should be considered.
In addition, the opportunistic channel access mechanism will also incur UE behaviour for opportunistic reception. In RAN1 #79 meeting, it was agreed that to support at least the following functionalities in addition to the current LAA TR on the unlicensed band [3]. Accordingly the UE behaviour to support the following functionalities needs to be studied.
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
In summary, the main PHY designs for DL in LAA can be studied at least from the following aspects:
· Frame structure modifications 

· UE behaviours for opportunistic reception
· Detection on the LAA Scell on/off
· Synchronization

· Measurement including RRM/CSI measurement
· Other physical designs relevant to data transmission, e.g. AGC setting
The consideration and analysis on RRM/CSI measurement can be referred to a companion contribution [4]. The other aspects of physical designs will be discussed in detail in this contribution as follows. 

2.2 Frame structure modifications
As mentioned above, the opportunistic channel access mechanism would make the instant permitted to transmit occur at any time, which would lead to potential frame structure modifications. In the last meeting, it was agreed that [3]
· 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

Depending on the possible start position of data transmission, two options to achieve the subframe boundary alignment conforming to LBE can be considered.

Option 1: the start of data transmission can only be at the subframe boundary

In this option, the reservation signals should be transmitted between the time eNB is permitted to transmit and the next subframe boundary. A UE only needs to detect the start time of data transmission at the subframe boundary. Therefore the UE detection complexity will be alleviated. One example is depicted in Figure 1.
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Figure 1. Start of data transmission can only be the subframe boundary
For LBE, the time eNB assesses that the channel is available can be at any time since CCA check can be performed at any time. Therefore for this option, if the function of the reservation signals is only to reserve the channel, the overhead caused by this early transmission is generally high which will reduce the data transmission efficiency, except in the case where the time eNB competes to the unlicensed spectrum is very close to the subframe boundary. On the other side, even if the functionalities of the reservation signals include e.g. fine frequency/time estimation and a method for providing information that the transmitter is an LAA-LTE eNB, i.e. the preamble can be one part of the channel reservation signals as analyzed in another companion contributions [5][6], then the data transmission efficiency would also be impacted. This is because the preamble length (e.g. 1~2 symbols) may be smaller than the duration between the time eNB is permitted to transmit and the next subframe boundary in some cases. 
Observation: regardless of the function of the channel reservation signals, the case where the start of data transmission can only be at the subframe boundary will impact the data transmission efficiency in LAA.
Option2: the start of data transmission needs not be at the subframe boundary
In this option, the channel reservation signals may also be needed, so as to ensure the start of data transmission can be at the OFDM symbol boundary, or to ensure the preamble transmission if the channel reservation signals contain this preamble. If the required length of the reservation signals is finished and there are still a certain number of OFDM symbols left before the next subframe boundary, PDSCH can also be scheduled in the same subframe to fully utilize the resource. For example, if the eNB performs CCA and determines that the channel can be occupied from the 2nd OFDM symbol, and the required length of the reservation signal is two, then there are 11 OFDM symbols left that can be used for PDSCH scheduling. The structure of option 2 is shown in Figure 2. The advantage of this option is making full use of the unlicensed spectrum since there is small or even no overhead. This is important for the discontinuous transmission, especially considering the maximum occupancy time is just 4 subframes in some regions. 
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Figure 2. Start of data transmission is in the middle of subframe
The main challenge for this option is how the UE knows the start of data transmission. If the UE has to monitor the unlicensed cell all the time to detect the potential transmission, i.e. the UE attempts to decode the PDCCH at each potential start time with all the possible CFI values, the UE detection complexity and power consumption will be unreasonably high. Therefore enhancements to alleviate UE detection complexity should be considered. This will be analyzed in detail in the following UE behaviours part.
It should be noted for FBE, since it is regulated that the equipment shall perform a CCA check towards the end of the Idle Period, CCA check can be performed just before the subframe boundary in FBE. Therefore there would be no such issues as discussed above for LBE, e.g. high overhead, blind detection complexity. 
Proposal 1: From the perspective of data transmission efficiency, the data transmission needs not to start at the subframe boundary.
2.3 UE behaviours for opportunistic reception
2.3.1 Detection of the LAA Scell on/off

As discussed in section 2.1, because of the limitation of the maximum channel continuous occupancy time for the discontinuous transmission, it is necessary to adopt fast LAA SCell on/off, so as to achieve efficient operation over the unlicensed spectrum. Furthermore as analyzed in section 2.2, the data transmission needs not start at the subframe boundary, in order to improve the data transmission efficiency. In this sense a new L1 procedure to support symbol-level off-to-on should be considered. 
On the other hand, even though the data transmission can start in the middle of one subframe, the data transmission can also end at the subframe boundary or in the middle of a subframe as long as the data transmission time satisfies the requirement of maximum channel continuous occupancy time. However if the data transmission is not limited to end at the subframe boundary, it will allow eNB to transmit up to the maximum channel continuous occupancy time, especially considering the maximum occupancy time is small (e.g. 4ms) in some regions. 
The main challenge of fast LAA Scell on/off includes detection on the LAA Scell on/off at UE side, especially taking the symbol-level off-to-on into account. As mentioned in section 2.2, if the UE has to monitor the unlicensed cell all the time to detect the potential transmission, i.e. the UE attempts to decode the PDCCH at each potential start time with all the possible CFI values, the UE detection complexity and power consumption will be unreasonably high. In order to avoid exhaustive blind detection, some enhancements can be considered. For example, assisted information such as explicit L1 indication may be provided to UE to determine the real starting position for data or PDCCH transmission. Alternatively, the UE can also identify the start of data transmission by detecting a preamble with low detection complexity, which can be one part of a channel reservation signals [5]
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[6]. Furthermore a limited number of start positions of data transmission can also be defined to ease the UE’s detection effort. 
As for on-to-off, if the subframe-level on-to-off is considered, the potential solutions discussed in Rel-12 for subframe-level on/off [7] could be the starting point for further study. Alternatively if the symbol-level on-to-off is considered, the corresponding methods to support symbol-level on-to-off should be considered. As mentioned above, symbol-level on-to-off would be necessary to allow the eNB to transmit up to the maximum channel continuous occupancy time if the data transmission is allowed to start at any OFDM symbol boundary.
Proposal 2: 
· A new L1 procedure for symbol-level off-to-on and symbol-level on-to-off should be supported if the data transmission is not limited to start at the subframe boundary.
· Enhancements to alleviate UE detection complexity on symbol-level off-to-on should be considered.
2.3.2 Synchronization
In last meeting, it was agreed that Rel-12 DRS can be the starting point for at least RRM measurement including cell identification [3], therefore Rel-12 DRS can also be the starting point for coarse synchronization since the RRM measurement should be based on coarse synchronization. In addition, recalling the agreement on DRS occasion structure, DRS is comprised of PSS/SSS/CRS and configurable CSI-RS. Therefore DRS can also be used for fine time and frequency synchronization with CRS and configurable CSI-RS. 
However for LBT or discontinuous transmission, the eNB may not be able to guarantee the periodic transmission of DRS. As analyzed in [4], one method is to use short control message mechanism allowed in the ETSI regulation [8]. A drawback of using short control message is that the DRS may interfere to the transmission from other neighbouring nodes and be interfered by these neighbouring nodes. Therefore DRS transmission with sensing would have the benefit to provide more accurate synchronization and less interference to data from other nodes. 

Another method which can coexist with LBT is to apply aperiodic RS transmission to support synchronization once occupying the unlicensed spectrum. Since the aperiodic RS transmission may always be accompanied by data transmission, the aperiodic RS transmission can be used at least for fine synchronization. For example, if the periodic RS cannot be transmitted due to LBT for some time, the aperiodic occasions for RS transmission such as CRS, CSI-RS can be triggered by the licensed cell to support synchronization. 

Proposal 3: 
· Opportunistic periodic RS with sensing, such as DRS, can be the starting point for coarse synchronization and fine synchronization.
· Aperiodic RS transmissions for fine synchronization should also be studied.
2.3.3 Other physical designs relevant to data transmission
· AGC setting

Due to the discontinuous transmission, AGC setting needs to be considered over the unlicensed band as agreed in last meeting.  As analyzed in the companion contribution [5], the preamble which can be one part of the channel reservation signals can be used for AGC setting since the preamble would be transmitted for each initial access to unlicensed spectrum.

· Transmission mode
As for data transmission over the unlicensed spectrum, both CRS based or CSI-RS based data transmission can be considered. As analyzed in [4], it is proposed that CRS based CSI measurement, and CSI-RS based CSI measurement (including CRS and CSI-IM based interference measurement) should be supported in LAA LTE since these options for CSI measurement are already supported in LTE. Thus both CRS based or CSI-RS based data transmission can be further studied.
· DL HARQ
The discontinuous transmission would lead to the HARQ retransmission interruption. Several candidates can be considered to solve this HARQ interruption issue. For example, keeping HARQ retransmission on the same LAA cell, or moving HARQ retransmission to another cell (e.g. the licensed Pcell), or not extending HARQ process beyond the maximum channel continuous occupancy time. How to efficiently deal with the HARQ retransmission interrupt for LAA can be further studied.
3 Conclusion

In this contribution, based on LBT and discontinuous transmission, an overview of design for LAA with DL only transmissions is discussed. According to the analysis, the following observation and proposals are provided.
Observation: regardless of the function of the channel reservation signals, the case where the start of data transmission can only be at the subframe boundary will impact the data transmission efficiency in LAA.
Proposal 1: From the perspective of data transmission efficiency, the data transmission needs not to start at the subframe boundary.
Proposal 2: 
· A new L1 procedure for symbol-level off-to-on and symbol-level on-to-off should be supported if the data transmission is not limited to start at the subframe boundary.
· Enhancements to alleviate UE detection complexity on symbol-level off-to-on should be considered.
Proposal 3: 
· Opportunistic periodic RS with sensing, such as DRS, can be the starting point for coarse synchronization and fine synchronization.
· Aperiodic RS transmissions for fine synchronization should also be studied.
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Appendix: Draft text proposal of TR36.889 for overview of main physical designs for DL in LAA
The following provides a description on overview of main physical designs for DL operation without UL in unlicensed spectrum for TR36.899 [9] according to the above discussions and proposals.
--- Begin of Text Proposal ---
7
Design targets, functionalities and solutions for LAA
Editor notes: One sub-section per identified functionality (e.g., LBT) that describes the functionality and the potential solutions for the functionality. The solution can involve PHY layer and/or higher layers.
7.2
Solutions for DL operation without UL in unlicensed spectrum
7.2.a
Design options for discontinuous transmission with LBT for LBE
This section summarized design options for discontinuous transmissions for LAA with DL only transmission conforming to LBE LBT European regulations.
For adaptive transmission schemes following LBE LBT European regulations, transmission opportunities are not always aligned with the LTE frame boundary, i.e. the time where an eNB is allowed to transmit is in general not at the subframe boundary. It would therefore be necessary to adjust the TTI start time to maximize the transmission efficiency. The maximum channel continuous occupancy time is also regulated. It would therefore be necessary to also adjust the TTI end time to maximize the transmission efficiency. This implies that for complying with LBT LBE regulations and maximizing the efficiency of the channel utilization, it would be beneficial to adopt fast LAA Scell on/off. The corresponding UE behaviour to support reliable detection on the fast LAA Scell on/off should be considered, and it would impact RRM measurement including cell identification, AGC setting, synchronization, and CSI measurement (including channel and interference).
Depending on the possible start position of data transmission, two options to achieve the subframe boundary alignment conforming to LBE can be considered.

· Option 1: the start of data transmission can only be at the subframe boundary
· Option 2: the start of data transmission needs not be at the subframe boundary
For LBE, the time eNB assesses that the channel is available can be at any time since a successful CCA check can occur at any time. Therefore option 1 would impact the data transmission efficiency over the unlicensed spectrum especially considering the maximum occupancy time is just 4 subframes in some areas. On the other hand, option 2 would make better use of the unlicensed spectrum.
7.2.c
Design options for AGC setting for LBE LBT
One solution for AGC is to use a preamble which can be part of channel reservation signal(s). Such preamble would be transmitted each time an eNB accesses the unlicensed spectrum.
7.2.d
Design options for HARQ
The discontinuous downlink transmission would lead to the HARQ re-transmission interruption. Several candidates can be considered to solve this HARQ interruption issue including keeping HARQ retransmission via the same LAA cell, or keeping HARQ retransmission via other cell (e.g. the licensed Pcell), or not keeping HARQ retransmission.
--- End of Text Proposal ---
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