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1. Introduction
In RAN#68, the study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was closed, with the technical report approved in [2]. In addition, a work item on LAA [3] was approved to specify DL-only LAA while taking into account some of the UL design. The specification work should follow the recommendations and agreements in the study item phase, and further narrow down the detailed design.
The following agreements have been made on the control signaling in RAN1#80bis:
Agreements:
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version

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 the design for DL control signalling in LAA.

2. (E)PDCCH

2.1  PDCCH and EPDCCH
Typically it is considered natural to support both PDCCH and EPDCCH on a LAA SCell, same as on a LTE carrier. However, since LAA carriers do not support any legacy UEs, there is no backward compatibility requirement. So it can allow some design that would not be possible for a backward compatible carrier. One example is the CRS overhead reduction, which has been extensively discussed in the new carrier type WI. If CRS is not transmitted in every subframe, it would not be possible to support PDCCH because PDCCH depends on CRS for demodulation. On the other hand, if CRS is transmitted in every subframe, it would be straightforward to continue to support PDCCH.
Proposal 1: EPDCCH is supported on LAA SCell. If CRS is transmitted in every subframe, PDCCH is supported on LAA SCell.
Whether PCFICH needs to be supported depends on whether PDCCH is to be supported. But in any case, LAA SCell should work with EPDCCH only, without PDCCH being configured (no common search space needed). Therefore LAA SCell should allow CFI = 0, meaning that PCFICH is not transmitted, and PDSCH/EPDCCH transmission can start from OFDM symbol 0.
Proposal 2: PDSCH/EPDCCH transmission is allowed to start from the first OFDM symbol on LAA SCell, in which case PCFICH and PDCCH are not transmitted.

2.2 Self-scheduling and cross-carrier scheduling for DL
There are some obvious reasons to support self-scheduling for DL on LAA SCell:
· There could be a large number of unlicensed carriers configured with a single licensed carrier. If all the unlicensed carriers are cross-scheduled by the licensed carrier, it can use a significant amount of resources on the licensed carrier, either causing control channel capacity issue or leaving little resources to serve the non-LAA UEs.
· If the scheduling cell is a TDD cell, some DL and/or UL subframes on the LAA carrier are not schedulable unless cross-subframe or multi-subframe scheduling is introduced.
One potential issue with self-scheduling is the less reliable transmission on a LAA carrier compared to a licensed carrier due to larger interference variation on a LAA carrier. It is recognized that (E)PDCCH and PDSCH are transmitted in the same subframe. If the increased interference results in a missed grant, the PDSCH signal is also affected by the increased interference. It may be argued that this may not result in a significant performance loss since the packet has poor quality anyway. However, (E)PDCCH has a much more stringent BLER requirement than PDSCH, because unlike PDSCH, (E)PDCCH cannot rely on HARQ. A slight increase in the interference level may corrupt the (E)PDCCH decoding, but the PDSCH transmission can still carry useful soft information even if it cannot be decoded in one subframe, which means that receiving the PDSCH transmission in this case is still useful. One potential approach to guarantee (E)PDCCH performance is to use a much more conservative aggregation level taking into account the more bursty environment, but this would certainly consume more resources. Therefore it is still beneficial to support cross-carrier scheduling, which provides more reliable transmission for DL grant.
It should be noted that even though cross-carrier scheduling would use more DL resources on the licensed carrier, it provides more resources for PDSCH transmission on the LAA SCell and more data traffic offload from the licensed carrier. As long as (E)PDCCH capacity on the licensed carrier is not an issue (especially for EPDCCH which has unrestricted capacity), cross-carrier scheduling could potentially be more efficient.
One major issue with cross-carrier scheduling is the difficulty in the eNB scheduling timing. Usually the eNB needs to perform the scheduling for (E)PDCCH in advance (e.g. 1 ms before the actual transmission). At this time, the eNB may not know yet whether the (e)CCA check would pass on the LAA carrier(s), even when it has data to schedule.
· If the eNB does the scheduling without considering the LAA carrier(s), it may result in the case where the (E)PDCCH for the LAA carrier(s) can no longer be scheduled after (e)CCA check success due to lack of resources on the licensed carrier.
· If the eNB does the scheduling assuming transmissions on the LAA carrier(s), it would result in the waste of resource on (E)PDCCH if (e)CCA check fails later.
If this issue can be resolved in a satisfactory way, cross-carrier scheduling should be supported as well.
Proposal 3: Self-scheduling is supported for DL on LAA SCell. FFS cross-carrier scheduling.

3. Conclusion
In this contribution, we have discussed the control signaling for LAA and proposed the following:
Proposal 1: EPDCCH is supported on LAA SCell. If CRS is transmitted in every subframe, PDCCH is supported on LAA SCell.
Proposal 2: PDSCH/EPDCCH transmission is allowed to start from the first OFDM symbol on LAA SCell, in which case PCFICH and PDCCH are not transmitted.
Proposal 3: Self-scheduling is supported for DL on LAA SCell. FFS cross-carrier scheduling.
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