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1. Introduction
For LAA DL/UL scheduling, the following observations and agreement have been reached during RAN 1# 80bis meeting.

Observations:

· Following possible scheduling combinations for a LAA CC are identified:

· Combination 1: DL/UL: self-scheduling

· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling

· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3

· FFS: Combine multiple combinations

Agreement:
· Combination 3 in above observations is not a design target of LAA

In this contribution, we further discuss DL/UL scheduling options for LAA.
2. Discussion 
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/EPDCCH 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/EPDCCH 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/EPDCCH overload on licensed carrier. 
Observation 1: For PDSCH transmission on an unlicensed Scell, it is not preferred to use cross carrier scheduling from licensed Pcell due to the increased PDCCH/EPDCCH load and decreased PDCCH/EPDCCH resource utilization efficiency on the Pcell. 
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. 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 2: Self-scheduling can be used for PUSCH transmission on an unlicensed Scell if the eNB already got the channel for DL transmission on that Scell. Otherwise, cross-carrier scheduling from the Licensed Pcell shall be used to improve the scheduling efficiency. 

Based on the above discussion, the scheduling method combination 1 (i.e. DL/UL: self-scheduling) and combination 2 (i.e DL: self-scheduling; UL: cross-carrier scheduling) are the preferred design options for LAA DL/UL scheduling and should be recommended. While combination 4 (i.e. DL/UL: cross-carrier scheduling from a same scheduling CC) has clear drawback therefore should not be recommended. 
Proposal: To support DL/UL scheduling of an unlicensed Scell in LAA, the following combination of scheduling methods is recommended. 

· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
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: For PDSCH transmission on an unlicensed Scell, it is not preferred to use cross carrier scheduling from licensed Pcell due to the increased PDCCH/EPDCCH load and decreased PDCCH/EPDCCH resource utilization efficiency on the Pcell. 

Observation 2: Self-scheduling can be used for PUSCH transmission on an unlicensed Scell if the eNB already got the channel for DL transmission on that Scell. Otherwise, cross-carrier scheduling from the Licensed Pcell shall be used to improve the scheduling efficiency. 

Proposal: To support DL/UL scheduling of an unlicensed Scell in LAA, the following combination of scheduling methods is recommended. 

· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
PAGE  
1

