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1. Introduction
The Work Item “Enhanced Licensed-Assisted Access to Unlicensed Spectrum” (approved in [1]) targets at enhancing LAA by introducing support for UL operation on unlicensed carriers. The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]

In RAN1#84 following agreements were made:
Agreements:
· Transmission of HARQ ACK for serving cells at licensed carriers on an LAA SCell is not supported
· Transmission of HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported
· FFS on new or existing waveform of channel for UCI transmission on unlicensed carrier
· FFS on the LBT scheme for UCI transmission
· FFS on position of UCI in a subframe

In this contribution we discuss aspects related to DL HARQ-ACK timing for serving cells on unlicensed carriers. 
2. DL HARQ-ACK Feedback for Rel-14 LAA
In Rel-13 LAA, all HARQ-ACK feedback related to LAA SCells is carried on licensed carriers. This approach is naturally readily available for Rel-14 LAA as well, and does not seem to require any significant changes to specifications if e.g. HARQ-ACK codebook size is determined as if the LAA carriers were using FS1 (i.e. HARQ-ACK bits are reserved for all subframes). Therefore we see that this option should also be supported in Rel-14 LAA as well.
Observation 1: Support for DL HARQ-ACK transmission on cells on licensed band is straight forward and requires minimal or no changes to specifications.
Proposal 1: It should be possible to configure the UE to transmit HARQ-ACK for DL TB always on licensed carriers.
Furthermore, it has been agreed that transmission of HARQ-ACK and CSI for serving cells on unlicensed bands shall be supported on an LAA SCell. This option makes sense as it allows for efficient offloading of UCI away from PUCCH on licensed carrier and provides forward compatibility for scenarios where the connection between the cells on licensed and unlicensed bands is non-ideal. Specifically, to be future proof for dual connectivity, we see that emphasis should be put on the case where all UCI is kept on the unlicensed cells. This would also mean deprioritizing e.g. dynamic switching of UCI transmission between licensed and unlicensed carriers which does not make much sense from UCI offloading point of view anyway. Instead we see that the choice of whether UCI is carried on licensed carrier PCell or an unlicensed carrier SCell should be semi-static based on e.g. RRC configuration.  
Proposal 2: The UE can be semi-statically configured to transmit all UCI for LAA cells either on licensed carrier(s) (e.g. PCell), or on LAA SCell(s). 
Proposal 3: Dynamic switching of LAA-related UCI transmission between licensed and unlicensed carriers is down-prioritized in Rel-14.
3. DL HARQ-ACK feedback timing on LAA UL SCells
In Rel-13 LAA the minimum HARQ-ACK timing follows the same “n+4 or larger” principle as with licensed band operation. There is no need to change this assumption with UCI transmission on unlicensed cells, i.e. HARQ-ACK for DL TBs on LAA SCells is provided at earliest in subframe #n+4. However, this timing constraint may create issues related to HARQ-ACK timing of certain DL subframes. As shown in Figure 1, while the HARQ-ACK for some of the DL subframes (Group#1) can be acknowledged immediately after the DL TX burst, the DL subframes in Group#2 can only be acknowledged later. With fixed HARQ-ACK timing this would create unwanted limitations to the possible UL/DL ratios (e.g. each TxOP would need to contain at least 4 UL subframes). We are of the opinion that this kind of limitations would unnecessarily restrict the flexibility of LAA and should therefore be avoided.  
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Figure 1. The basic issue with DL HARQ-ACK timing in LAA. Due to HARQ-ACK feedback delay of 4 subframes, some of the DL subframes (Group#2) cannot be acknowledged during the same TxOP. 
The LAA FS3 operation with UL support obviously resembles LTE TDD FS2 in many ways. As an example, instead of one-to-one mapping between DL subframes carrying the DL TB and the UL subframe carrying the corresponding HARQ-ACK response, HARQ-ACK multiplexing and/or bundling is a natural choice. On the other hand, there should be more flexibility in how UL/DL ratios are chosen than with FS2. Moreover, LBT may prevent the UE from transmitting HARQ-ACK from time to time, and as a consequence it would become very complicated to define a set of tables for HARQ-ACK timing covering all possible UL/DL ratios. 
Observation 2: TDD/FS2 approach with fixed tabulated HARQ-ACK timing relationships becomes impractical in LAA due to large range of supported UL/DL ratios and LBT operation.
Instead, we see that more flexibility is needed for the HARQ-ACK feedback timing as well. The preferred solution applies two complementary ways for providing HARQ-ACK feedback as shown in Table 1:
Table 1. Two complementary HARQ-ACK feedback mechanisms providing robust operation on unlicensed Scells.
	PUCCH occurring once in every UL TX burst (e.g. in the beginning)
	Triggered HARQ-ACK on PUSCH

	This is the basic mechanism for obtaining HARQ ACK feedback
PUCCH in subframe n shall carry HARQ-ACKs for all DL subframes n-4 or earlier in the same TxOP, as well as for the possible DL subframes in the previous TxOP that have not yet been acknowledged.
	This can be seen as a fallback solution, e.g. when the LBT has prevented HARQ-ACK feedback of some of the DL transport blocks.

The eNodeB can trigger the UE to transmit HARQ-ACK for all HARQ-processes using e.g. UL grant similarly as is done with Aperiodic CSI reports.  




The above described two-fold HARQ-ACK feedback framework allows for maximum flexibility in terms of supported UL/DL ratios and is also robust in case LBT blocks HARQ-ACK transmission from time to time. 
Proposal 4: eLAA PUCCH in subframe n carries HARQ-ACK for all DL subframes n-4 or earlier in the same TxOP, as well as the possible DL subframes in the previous TxOP that have not yet been acknowledged.
Proposal 5: eNodeB should be able to trigger with an UL grant HARQ-ACK on PUSCH transmission for all HARQ-processes.
5. Summary
In this contribution, we have discussed the principles of HARQ-ACK transmission for DL TBs on LAA SCells. We make the following proposals and observations. 
Observation 1: Support for DL HARQ-ACK transmission on cells on licensed is straight forward and requires minimal or no changes to specifications.
Proposal 1: It should be possible to configure the UE to transmit HARQ-ACK for DL TB always on licensed carriers. 
Proposal 2: The UE can be semi-statically configured to transmit all UCI for LAA cells either on licensed carrier(s) (e.g. PCell), or on LAA SCell(s). 
Proposal 3: Dynamic switching of LAA-related UCI transmission between licensed and unlicensed carriers is down-prioritized in Rel-14.
Observation 2: TDD/FS2 approach with fixed tabulated HARQ-ACK timing relationships becomes impractical in LAA due to large range of supported UL-DL ratios and LBT operation.
Proposal 4: eLAA PUCCH in subframe n carries HARQ-ACK for all DL subframes n-4 or earlier in the same TxOP, as well as the possible DL subframes in the previous TxOP that have not yet been acknowledged.
Proposal 5: eNodeB should be able to trigger with an UL grant HARQ-ACK on PUSCH transmission for all HARQ-processes.
6. References
[1] RP-152272, “New Work Item on enhanced LAA for LTE”, Ericsson, Huawei, RAN#70
1

image1.png
PDCCH
Group#1 Group #2 PDSCH

(—*—Y—l—\ PUCCH





