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1. Introduction
In RAN#65, a Rel-13 SI “Study on Licensed-Assisted Access using LTE” was approved in [1], with one of the objectives as the following:
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [RAN1]

In this contribution, data and L1 control signaling transmission for LAA are discussed. 
2. Discussion 
PDSCH and DL grant transmission for unlicensed carrier
In LAA, listen-before-talk (LBT) shall be performed before each transmission to meet the regulatory requirements in unlicensed carriers. Therefore, unlike in licensed carriers where DL transmissions are continuous, the available transmission resources for LAA in unlicensed carriers are opportunistic and cannot be pre-determined. There would be no time available for data processing once eNB is allowed to start transmission after a successful CCA check. The data processing includes the channel coding, modulation, layer mapping, pre-coding, etc. As a result, the eNB may prepare for data and transmit in a next subframe, which degrades the channel utilization efficiency therefore not preferred. Alternatively, eNB can prepare for the data transmission in advance and buffer the data until transmission is allowed. Note that this may happen in both frame based LBT and load based LBT.
Due to the unpredictable starting time of DL transmission caused by LBT in the unlicensed carrier, the eNB has to make the scheduling decision and prepare for PDCCH/EPDCCH search space arrangement for DL grant prior to the CCA, in order that the 1st subframe of channel occupancy time can be utilized. 
Observation 1: An LAA eNB should prepare for data and control signaling transmission prior to the CCA check, including channel coding, modulation, layer mapping, precoding, and PDCCH/EPDCCH search space arrangement, etc. 
For DL transmissions on unlicensed carriers, the scheduling DL grant can be transmitted in either licensed carrier or unlicensed carriers. If licensed carrier is used for DL grant, the reliability could be guaranteed since the channel condition is more predictable. However, since the number of aggregated unlicensed carriers could be large, PDCCH load on the licensed carrier could be an issue. In addition, due to the unpredictable starting time for DL transmission, eNB should arrange the PDCCH/EPDCCH search space prior to the CCA check. Then if DL grants are transmitted on the licensed carrier, the PDCCH resource reserved for scheduling unlicensed carriers could be wasted if eNB cannot get transmission opportunities on one or more of those carriers. The low efficiency of PDCCH resource utilization will aggravate the PDCCH overload issue on licensed carriers.

Therefore it is beneficial to send the DL grant on each of the unlicensed carrier at least for the first several subframes after the eNB acquires the unlicensed carrier, in order to increase the resource utilization and alleviate the PDCCH overload on licensed carrier. For the later subframes in the channel occupancy time, the DL grant can be sent in either the unlicensed carrier or in the licensed carrier.
Observation 2: It is beneficial to send the DL grant in each unlicensed carrier at least for the first several subframes after the eNB acquires the unlicensed carrier.
PUSCH and UL grant transmission for unlicensed carrier
For the uplink transmission in the unlicensed carrier, LBT is also needed for the UE before PUSCH transmission [2]. The UL grant can be sent in the unlicensed carrier if the eNB has DL transmission opportunities in the previous DL subframes following the existing UL scheduling timing. This means that UE is allowed to transmit on the unlicensed carrier only when both eNB and UE get transmission opportunities. Therefore the likelihood of the UE being able to transmit on the unlicensed carrier could be low if UL grant is transmitted on the unlicensed carrier. In addition, during a certain time when only UL traffic needs to be offloaded on the unlicensed carrier, the eNB may have to compete for the DL subframes in order to transmit UL grant only, which is not preferred. Therefore it may be considered to transmit UL grant on the licensed carrier to solve the above issues and provide better reliability. However, the PDCCH overload issue on the licensed carrier due to a large number of associated unlicensed carriers and the unpredictable channel availability at the UE side (caused by potential “hidden node” near the UE) should be considered. Ways to reduce the PDCCH overhead on licensed carrier should be studied. 
Observation 3: It may be beneficial to send UL grant in the licensed carrier for PUSCH transmission on the unlicensed carrier. Ways to reduce the PDCCH overhead on the licensed carrier should be studied. 
According to the current specification concerning carrier aggregation, each PDSCH/PUSCH serving cell can be scheduled only from a single PDCCH serving cell, either by cross carrier scheduling or by self carrier scheduling. However, based on the above discussion, it is beneficial, as illustrated in Figure 1, to send DL/UL grant in more than one carriers (e.g. licensed or unlicensed carriers) for LAA scenario. Therefore, we propose that one PDSCH/PUSCH serving cell can be scheduled from more than one PDCCH serving cell for LAA scenario. 
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Figure 1: Linkage between PDCCH serving cells and PDSCH/PUSCH serving cells in LAA
Proposal 1: One PDSCH/PUSCH serving cell can be scheduled from more than one PDCCH serving cell in LAA scenario.

PUCCH transmission for unlicensed carrier
UCI transmissions for unlicensed carriers including HARQ-ACK, CSI etc, should be supported. However, since the UL resource on the unlicensed carriers may not be available, these UCIs should be transmitted on the licensed carrier with reduced delay and improved reliability. Existing CA framework transmitting PUCCH on the Pcell can be reused. PUCCH resource allocation schemes can be studied to reduce the UL control overhead on the Pcell.
Proposal 2: PUCCH for unlicensed carriers is transmitted on the licensed carrier.
PHICH transmission for unlicensed carrier
In the current specification, PHICH is transmitted on the same carrier as UL grant. So the PHICH transmission for the unlicensed carrier is dependent on the associated UL grant transmission methods as discussed in the previous sections. If the UL grant is transmitted on the licensed carrier, it is possible to reuse the existing PHICH resource determination methods. However, the potential PHICH resource collision issue due to a large number of aggregated UL carriers should be studied. Alternatively if the UL grant is transmitted on the respective unlicensed carrier, further discussion is needed on the PHICH transmission methods. The discussion is dependent on the UL HARQ schemes adopted for LAA UL, i.e. synchronous or asynchronous HARQ [3].
Proposal 3: Methods for PHICH transmission for unlicensed carriers should be studied in LAA. 
3. Conclusion
In this contribution, PDSCH/PUSCH and control singnaling transmission for LAA unlicensed carriers were discussed. From the discussions, we have the following observations and proposals.
Observation 1: An LAA eNB should prepare for data and control signaling transmission prior to the CCA check, including channel coding, modulation, layer mapping, pre-coding, and PDCCH/EPDCCH search space arrangement, etc. 
Observation 2: It is beneficial to send the DL grant in each unlicensed carrier at least for the first several subframes after the eNB acquires the unlicensed carrier.
Observation 3: It may be beneficial to send UL grant in the licensed carrier for PUSCH transmission on the unlicensed carrier. Ways to reduce the PDCCH overhead on the licensed carrier should be studied.
Proposal 1: One PDSCH/PUSCH serving cell can be scheduled from more than one PDCCH serving cell in LAA scenario.

Proposal 2: PUCCH for unlicensed carriers is transmitted on the licensed carrier.

Proposal 3: Methods for PHICH transmission for unlicensed carriers should be studied in LAA. 
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