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1. Introduction

In RAN1 #79, PHY layer options for LAA were discussed. Some agreements have achieved [1]. 
· 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
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS
· This does not imply network synchronization
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band

· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

· For LAA design option,

· Support at least 20MHz system BW option in the 5GHz band

· System bandwidths < 5 MHz are not considered for PHY layer options in LAA
In this meeting, the discussion on the PHY layer options for LAA will continue and we will give some considerations on the functionalities of DL transmission for LAA.  
2. Considerations on the functionalities of DL transmission for LAA
2.1 Frame structure design
In Europe, two kinds of LBT mechanisms are defined, i.e. Frame Based Equipment (FBE) and Load Based Equipment (LBE). For the downlink transmission of LAA-LTE, if FBE is used, there are two main issues. The first one is less transmission opportunities comparing with other system, which is caused by fixed CCA location. The other is transmission blocking when two synchronized LAA-LTE systems are deployed in the same area. Therefore, for the downlink transmission, LBT is a more reasonable design.
Proposal 1: For downlink transmission of LAA-LTE, LBT is a more reasonable design. 

In last meeting, it has been agreed that DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA. This means some data could also be allowed to transmit in the subframe containing CCA after the channel reservation signal, as shown in figure 1. It is obvious that spectrum efficiency can be improved by allowing some data transmission in CCA subframe. However, the detail design should be carefully considered. 
Proposal 2: Data transmission in CCA subframe could be supported in LAA-LTE downlink.
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Figure 1 an example of subframe design with CCA
Since only part of OFDM symbols could be used in CCA subframe, CSI accuracy and the density of demodulation RS are the main challenges. Data transmission in CCA subframe is just follow the CCA or reservation signal and the CSI information for scheduling could only rely on previous UE CSI feedback. To ensure the density of demodulation RS, a joint design of reservation signal and RS in data transmission area should be considered. A minimum OFDM symbol numbers for CCA data transmission could also be added.
Proposal 3: A joint design of reservation signal and RS in data transmission area should be considered in LAA-LTE downlink subframe.

2.2 Fast cell ON/OFF
In R12, there have been lots of discussions on the fast small cell ON/OFF. Both explicit and implicit schemes are proposed to support subframe level fast small cell ON/OFF. However, fast small cell ON/OFF was not supported due to the lack of time. 
For LAA-LTE, with the introduction of LBT mechanism, discontinuous transmission will be a common case and the maximum transmission period is at the level of several subframes. Obviously, with the introduction of fast cell ON/OFF, LAA-LTE is expected to benefit more. As for the fast cell ON/OFF for LAA-LTE, explicit scheme is proposed. The main reasons are the UE detection complexity reduction and UE power consumption saving. 
Proposal 4: fast cell ON/OFF should be supported for LAA-LTE. The detail solutions could be FFS.
2.3 HARQ
The main issue for LAA-LTE downlink HARQ is discontinuous channel occupancy, which will bring challenges to ACK/NACK feedback and retransmission.
For ACK/NACK feedback, there are mainly two options:
· Option1: ACK/NACK is transmitted on Pcell in licensed band.

· Option2: ACK/NACK is transmitted in the uplink of unlicensed band.
Option 1 could reuse legacy CA mechanism and save lots of specification works. If option 2 is adopted, uplink opportunistic transmission will bring extra HARQ latency and buffer size.

Proposal 5: ACK/NACK is proposed to be transmitted on Pcell in licensed band.
Legacy HARQ timing will also be broken due to opportunistic channel occupancy and new HARQ timing will require new DCI design to indicate the exactly retransmission timing.
Proposal 6: new HARQ timing and DCI indicator should be considered for DL HARQ in LAA-LTE.

2.4 Measurement
Since LAA-LTE should support LBT mechanism, non-periodic based CRS and CSI-RS measurements should be used as baseline. However, in order to ensure the reliability of LAA-LTE system, periodic DRS transmission could be considered. With periodic DRS transmission, UE can perform not only RRM measurement, but also make synchronization. Based on previous discussion in R12 DRS design, DRS could well match the requirement of RRM measurement and synchronization. Thus,
Proposal 7: Periodic DRS transmission should be used for LAA-LTE and the period of DRS needs to be FFS.

Due to the limitation of LBT, even periodic DRS is used, the density of DRS will be limited. Therefore, for CSI measurement, non-periodic CRS and CSI-RS should be relied on. Considering legacy latency of CSI feedback is at least 4ms, some enhancements should be introduced to reduce the CSI feedback latency.
3. Conclusion
In this contribution, we provide some discussions on the functionalities of DL transmission for LAA. Some proposals are given. They are:
Proposal 1: For downlink transmission of LAA-LTE, LBT is a more reasonable design. 

Proposal 2: Data transmission in CCA subframe could be supported in LAA-LTE downlink.

Proposal 3: A joint design of reservation signal and RS in data transmission area should be considered in LAA-LTE downlink subframe.

Proposal 4: fast cell ON/OFF should be supported for LAA-LTE. The detail solutions could be FFS.

Proposal 5: ACK/NACK is proposed to be transmitted on Pcell in licensed band.
Proposal 6: new HARQ timing and DCI indicator should be considered for DL HARQ in LAA-LTE.

Proposal 7: Periodic DRS transmission should be used for LAA-LTE and the period of DRS needs to be FFS.
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