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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. 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 and UL control signalling in LAA.

2. Control Signalling
2.1 UL Control Signalling
In LTE, UL control signalling includes HARQ-ACK, SR, periodic CSI (P-CSI), and aperiodic CSI (A-CSI), which is carried on PUCCH or multiplexed with data transmission on PUSCH.
Until Rel-12, PUCCH is always on PCell for CA. With the new WI for CA enhancement beyond 5 carriers in Rel-13 [2], PUCCH will also be supported on SCell. For LAA, because the UE may not have the access to the channel when PUCCH (carrying HARQ-ACK/SR and/or P-CSI) needs to be transmitted, it is not desirable to transmit PUCCH on an LAA carrier. If only one PUCCH is configured, it is always on PCell so this is not an issue. If there are more than one PUCCH configured, these multiple PUCCHs should all be configured on licensed carriers to ensure reliable feedback. However, this may not affect how the PUCCH design is done in the CA enhancement WI. 
It is generally expected that the design of PUCCH in the CA enhancement WI would not depend on or put a restriction on which SCell carries the PUCCH, and most likely LAA can directly reuse the design in the CA enhancement WI without additional change. CA enhancement WI should allow PUCCH to be configured on any SCell. Although for LAA PUCCH on SCell should be configured on licensed carriers, the question is whether it is necessary to add such restriction specifically for LAA in the specifications. Even without adding the restriction, LAA still works because PUCCH on SCell is configured by the eNB, and the eNB can always configure PUCCH on licensed SCell only.
Proposal 1: For LAA, PUCCH should use the design in CA enhancement WI as the baseline. Revisit if any additional change is necessary once the design in CA enhancement WI is completed.

Currently part or all of the UCI may be multiplexed on PUSCH if PUSCH and UCI occur in the same subframe. This happens in the following situations in CA:
· If the UE is not configured with simultaneous PUSH and PUCCH transmission,
· If the UCI consists of A-CSI  or A-CSI and HARQ-ACK, the UCI is transmitted on PUSCH of the serving cell that triggers A-CSI.
· If the UCI consists of P-CSI and/or HARQ-ACK, the UCI is transmitted on PUSCH of the PCell (if there is PUSCH on PCell) or PUSCH of the SCell with smallest SCellIndex (if there is no PUSCH on PCell).
· If the UE is configured with simultaneous PUCCH/PUSCH transmission,
· If the UCI consists of P-CSI and HARQ-ACK, HARQ-ACK is transmitted on PUCCH, and P-CSI is transmitted on PUSCH of the PCell (if there is PUSCH on PCell) or PUSCH of the SCell with smallest SCellIndex (if there is no PUSCH on PCell).
· If the UCI consists of HARQ-ACK/SR and A-CSI, HARQ-ACK is transmitted on PUCCH, and A-CSI is transmitted on PUSCH of the serving cell that triggers A-CSI.
This is relevant if the LAA carrier supports both DL and UL. In LAA, it has been discussed whether the eNB or the UE or both need to perform LBT for PUSCH transmission. In case the UE needs to perform LBT after the eNB schedules PUSCH, the UE may not be able to actually transmit it if the (e)CCA does not succeed. If UL control signalling is allowed to be multiplexed on PUSCH on LAA carrier, there is uncertainty whether it can be transmitted or not. If the UE does not need to perform LBT, PUSCH can always be transmitted once transmitted, although the interference environment may or may not be as friendly as on licensed carrier depending on the LAA design. In the following discussion, we focus on the case where LBT is required at the UE, since this is a more problematic case.

Among the different types of UCI, HARQ-ACK is particularly important because it includes the acknowledgement for PDSCH transmissions on all the serving cells, including the licensed cells. If HARQ-ACK is lost, it directly causes the DL performance degradation in all the cells. Therefore it is critical to ensure that HARQ-ACK is transmitted reliably. In case LBT is required at the UE for PUSCH, there can be the following possible ways to ensure HARQ-ACK is always transmitted:
1. If LBT succeeds, HARQ-ACK is transmitted as defined in CA today; otherwise, HARQ-ACK is transmitted following the CA procedure while ignoring the PUSCH on LAA that cannot be transmitted due to (e)CCA failure.
· The issue with this approach is that the UE does not know whether (e)CCA succeeds or not until very late, right before the subframe boundary or even after the subframe boundary. So the UE either does not have enough time to prepare the PUCCH/PUSCH transmissions on other serving cells, or the PUCCH/PUSCH transmissions have already started. Therefore this is not a feasible approach.
2. Have the eNB handle this by implementation. This means that the eNB should avoid scheduling PUSCH on any LAA SCell in the subframes where HARQ-ACK is expected. This would be very restrictive, especially if the UE has significant amount of DL traffic.
3. Change the CA procedure and prohibit the multiplexing of HARQ-ACK on PUSCH on LAA SCells. In this case, HARQ-ACK is either transmitted on PUCCH on a licensed carrier or multiplexed on PUSCH on a licensed carrier.
Based on the analysis, it can be seen that the 3rd approach is preferred. In terms of specification impact, this can be done mostly by reusing the existing CA procedure while ignoring PUSCH on LAA carriers. However, this would require the UE to at least support simultaneous transmission of PUCCH on licensed cells and PUSCH on unlicensed cells. But this should not be an issue because the UE is expected to have separate RF chains for licensed and unlicensed carriers.

P-CSI is not considered as critical as HARQ-ACK but it is still important for PDSCH transmission. With the existing CA procedure, PUSCH on an LAA cell could potentially carry P-CSI for licensed cells. This means that the LBT on LAA cell would affect the operation/efficiency on the licensed cells, which is not desirable. Therefore it is preferable for P-CSI to follow the similar handling as HARQ-ACK.

Proposal 2: If LBT is required at the UE before PUSCH transmission on LAA, HARQ-ACK and P-CSI are not multiplexed on PUSCH on LAA carrier, and it is carried on PUCCH or PUSCH on licensed carriers. FFS if LBT is not required at the UE.

For A-CSI, it is always transmitted on the cell that triggers A-CSI. It is allowed for one serving cell to trigger A-CSI for other serving cell(s), meaning that an LAA cell could trigger A-CSI for licensed cells. However, this is completely under the control of the eNB, and it can be left to the eNB implementation if the eNB wants to trigger A-CSI on the licensed cell.
Proposal 3: A-CSI transmission follows the existing CA procedure.

2.2  (E)PDCCH
Generally speaking, transmission on a licensed carrier is more reliable than that on an LAA carrier. To take advantage of the reliability on the licensed carrier, an LAA carrier could always be cross-scheduled by a licensed carrier, so that DL/UL grants for the LAA carrier are transmitted on the (E)PDCCH on the licensed carrier. In this sense, cross-carrier scheduling should be supported for both DL and UL.
However, there can be some potential issues with this approach in some scenarios:
· 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.
· Usually the eNB needs to perform the scheduling for (E)PDCCH in advance (e.g. hundreds of us 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.
Given these issues, the DL/UL grants for the LAA carrier should not be restricted to the licensed carriers. Self-scheduling on the LAA carrier should be supported as well. (E)PDCCH on an LAA carrier is typically considered as less reliable that on a licensed carrier. However, for DL, (E)PDCCH and PDSCH are transmitted in the same subframe. If the increased interference results in a missed grant, the PDSCH signal is affected by the increased interference also. So it may not be a significant loss to lose a packet transmission with poor quality.
Proposal 4: Both self-scheduling and cross-carrier scheduling should be supported for LAA carriers.
The benefit to allow DL DCI and UL DCI for an LAA carrier to be sent from two different carriers has been discussed in previous meetings. For LAA UL, in case of self-scheduling, it is likely that the eNB would need to perform LBT before sending UL DCI, and the UE would need to perform LBT before the actual transmission. This could greatly reduce the channel access probability for UL transmission. In this sense, it would be beneficial to use cross-carrier scheduling for LAA UL to avoid the LBT at the eNB. On the other hand, the DL does not necessarily need to be cross-carrier scheduled, e.g. considering the overhead on the licensed carrier. Therefore combination 2 (DL: self-scheduling; UL: cross-carrier scheduling) was considered useful to avoid double LBT procedures for a UL transmission. The associated cost is that either the UE needs to increase the number of blind decodes due to separate monitoring of format 0 and format 1A, or the number of candidates for format 0 and 1A would be reduced. On the other hand, there is not much motivation to support combination 3.
This is mainly useful for the case where both the eNB and the UE are required to perform LBT for UL transmission in case of self-scheduling. However, the LBT mechanism for UL has not been defined yet. For example, if the eNB is allowed to perform LBT on behalf of the UE, it is not really necessary to separate DL and UL DCIs on two carriers.
So the choice between combination 1 and 2 would largely depend on the LBT mechanism for UL. It can be decided later whether we should support one or both of them when the UL LBT mechanism design becomes clearer. On the other hand, combination 4 does not depend on any open issues and should be supported.
Proposal 5: Combination 4 (DL/UL: cross-carrier scheduling from a same scheduling CC) is recommended to be supported.
· FFS Combination 1 (DL/UL: self-scheduling) and Combination 2 (DL: self-scheduling; UL: cross-carrier scheduling) depending on UL LBT design.
It should be further noted that even if some of the combinations may not be the design target, it does not necessarily mean that those combinations should be prohibited by the standards. A comparison on complexity of allowing or prohibiting a particular combination may need to be done to make the decision.
3. Conclusion
In this contribution, we have discussed the control signaling for LAA and proposed the following:
Proposal 1: For LAA, PUCCH should use the design in CA enhancement WI as the baseline. Revisit if any additional change is necessary once the design in CA enhancement WI is completed.
Proposal 2: If LBT is required at the UE before PUSCH transmission on LAA, HARQ-ACK and P-CSI are not multiplexed on PUSCH on LAA carrier, and it is carried on PUCCH or PUSCH on licensed carriers. FFS if LBT is not required at the UE.
Proposal 3: A-CSI transmission follows the existing CA procedure.
Proposal 4: Both self-scheduling and cross-carrier scheduling should be supported for LAA carriers.
Proposal 5: Combination 4 (DL/UL: cross-carrier scheduling from a same scheduling CC) is recommended to be supported.
· FFS Combination 1 (DL/UL: self-scheduling) and Combination 2 (DL: self-scheduling; UL: cross-carrier scheduling) depending on UL LBT design.
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