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1. Introduction
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 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. One possibility is that the eNB prepares for data and transmit in a next subframe, which degrades the channel utilization efficiency therefore is not preferred. Alternatively, eNB can prepare for the data transmission in advance and buffer the data until transmission is allowed. Note that this may be required in both frame based LBT and load based LBT. However, the eNB data preparation in the load based LBT case could be more challenging than frame based LBT, as discussed in [1].
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, such 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 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 in unlicensed carriers, 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 the unlicensed carriers. The low efficiency of PDCCH resource utilization will aggravate the PDCCH overload issue on licensed carriers. Furthermore, if the Pcell is a TDD cell, some of the DL subframe in LAA cell can’t be scheduled since there is no corresponding DL subframe in the TDD Pcell. 
Therefore, it is beneficial to send the DL grant on each of the unlicensed carrier after the eNB acquires channel on the unlicensed carrier, in order to improve the resource utilization and alleviate the PDCCH overload on licensed carrier. 
Observation 2: It is beneficial to send the DL grant in each unlicensed carrier for LAA. 
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]. In LAA DL+UL operation, when both DL and UL traffic are served on an unlicensed carrier, it is may be considerable to transmitted UL grants on the unlicensed carrier when the eNB already got the channel for DL transmission. By this way, the UL grants can be offloaded to the unlicensed carrier such that the PDCCH load on the licensed carrier is reduced.   However when the LAA eNB has only uplink scheduling on the LAA carrier, the eNB may have to compete for the channel in order to transmit UL grant only, which is not preferred.  In addition, in this case the UE is allowed to transmit on the unlicensed carrier only when both eNB and UE get transmission opportunities. Consequently, the likelihood of the UE being able to transmit PUSCH on the unlicensed carrier is reduced if UL grant is transmitted on the unlicensed carrier. 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. One possible way is to improve the probability of success UL scheduling and thus avoid the waste of UL grant. As an example, UE can report the background interference measurement result (e.g. RSSI or probability of successful CCA etc.) to the eNB, based on which, the eNB would schedule UL transmission only on the unlicensed carriers with less congestion, i.e. higher probability to pass CCA. 
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 load 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, there are two alternatives for the relationship between PDSCH/PUSCH serving cell and PDCCH severing cell for LAA. 
· Alt1 (as illustrated in Figure 1) is that PDSCH transmission is scheduled by the (e)PDCCH in the same unlicensed carrier and PUSCH transmission is scheduled by the (e)PDCCH in the licensed carrier. In this alternative the linkage between PDCCH serving cell and PDSCH/PUSCH serving cell is still preconfigured as in current CA. 
· Alt2 (as illustrated in Figure 2) is that PDSCH/PUSCH transmission can be scheduled by the (e)PDCCH in the same unlicensed carrier or in the licensed carrier. In this alternative the scheduling relationship between PDCCH serving cell and PDSCH/PUSCH serving cell are dynamic. The merit of this alternative is that it could offload the UL grants to the unlicensed carrier as much as possible. If the eNB has only UL traffic on an unlicensed carrier, UL grants is transmitted from licensed carrier. In a next radio frame if eNB has both DL and UL transmissions on an unlicensed carrier, the UL grants can be dynamically offloaded to the unlicensed carrier. 
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Figure 1: Linkage between PDCCH serving cells and PDSCH/PUSCH serving cells in LAA (Alt 1)
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Figure 2: Linkage between PDCCH serving cells and PDSCH/PUSCH serving cells in LAA (Alt 2)
Proposal 1: Two alternatives for the relationship between PDSCH/PUSCH serving cell and PDCCH severing cell for LAA can be considered for LAA:

· Alt1: PDSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in the same unlicensed carrier and PUSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in a licensed carrier. 

· Alt2: PDSCH/PUSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in the same unlicensed carrier or in a licensed carrier.

During the discussion in the last LAA ad-hoc meeting, some companies raised concerns that the above proposed scheme may result in additional UE PDCCH blind detection complexity. For example, for both Alt 1 and Alt 2 discussed above, there would be two UE-specific control channel searching space for each unlicensed carrier, one in the licensed carrier and the other in the unlicensed carrier. Therefore, if the current UE-specific searching space design is directly used, the UE control channel blind detection complexity would increase. However, some optimized design can be considered, e.g., the two UE-specific searching space located in the licensed carrier and the unlicensed carrier can be reduced to half of the current space, which means each searching space contain 3 candidates for aggregation level 1, 3 candidates for aggregation level 2, 1 candidate for aggregation level 4 and 1 candidates for aggregation level 8. By such a design, for Alt 2 the total number of UE PDCCH blind decodings remains the same as that of the current CA design, and for Alt 1 the total number of UE PDCCH blind decodings would be less than that of the current CA design. Alternatively, if the number of DCI format size for UE blind decoding can be limited, e.g. DCI format 4 can only be transmitted in the licensed carrier, the total number of UE PDCCH blind decodings can be further reduced for both of  the above two alternatives.
Proposal 2: Schemes to reduce the total UE (e)PDCCH blind detection times shall be studied for proposed enhanced DL/UL scheduling method.
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 always 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 3: 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 method 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 method. 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 method. The discussion is dependent on the UL HARQ schemes adopted for LAA UL, i.e. synchronous or asynchronous HARQ [3]. Furthermore, during the LAA ad hoc meeting, it was agreed that the asynchronous HARQ is recommended for UL on unlicensed carriers. Hence, we have the following proposal.
Proposal 4: PHICH for PUSCH transmitted on unlicensed carriers is not supported.
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: Two alternatives for the relationship between PDSCH/PUSCH serving cell and PDCCH severing cell for LAA can be considered for LAA:

· Alt1: PDSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in the same unlicensed carrier and PUSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in a licensed carrier. 
· Alt2: PDSCH/PUSCH transmission on an unlicensed carrier is scheduled by the (e)PDCCH in the same unlicensed carrier or in a licensed carrier.
Proposal 2: Schemes to reduce the total UE (e)PDCCH blind detection times shall be studied for the two alternatives in proposal 1.
Proposal 3: PUCCH for unlicensed carriers is transmitted on the licensed carrier.
Proposal 4: PHICH for PUSCH transmitted on unlicensed carriers is not supported.
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