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1 Introduction

The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  One of the objectives is to specify support for PUCCH if needed. It is further stated in the work item description that “Forward compatibility should be taken into account so that support for dual connectivity can be specified without significant changes to the design.” It was agreed in RAN1 #84 that [2]
· 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 RAN1#84bis, the following was further agreed [3]
Agreement:
· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item

· The introduction of PUCCH at a later stage in Rel-14 is not precluded

Agreement:
· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE

· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell

· Note: whether this feature is optional or mandatory is a separate discussion

· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands

Agreement:
· Transmission of aperiodic CSI on an LAA SCell is supported at least for aperiodic CSI for an unlicensed carrier

· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported

· FFS the conditions for aperiodic CSI only on an LAA SCell

· Transmission of periodic CSI on an LAA SCell is not supported within the current scope of the eLAA work item

· The introduction of periodic CSI on an LAA Scell at a later stage in Rel-14 is not precluded

Working assumptions:
· eLAA supports transmission of UCI including at least HARQ-ACK on PUSCH within a “UCI cell group” consisting of only LAA SCells at least for self-scheduling

· No PUCCH on any SCell in the UCG

· This cell group is not referring to a PUCCH cell group

· FFS: Timing relationship between DL transmissions and HARQ-ACK

· FFS: Whether the UCI cell group can also include an SCell in the licensed band

· All HARQ-ACKs for SCells within the UCI cell group are always carried on PUSCH on one or more SCells within the UCI cell group when the UCI cell group is configured

The working assumption above and the associated aspects were discussed during the email discussion on the above working assumption although no further agreements were reached. The main point of contention was how HARQ-ACK transmission on an LAA SCell should be handled when multiplexed with PUSCH. Specifically, there were differing opinions on the timing relationship between DL transmissions and HARQ-ACK. 

In this contribution, we present our views on the above issues.

2 Discussions 
It was agreed to transmit HARQ-ACK and CSI for serving cells in the unlicensed band multiplexed in PUSCH on an LAA SCell if a corresponding UL transmission grant was received. Control and data multiplexing procedures in existing specs can be reused with some minor modifications.

2.1 Rules for Transmission of UCI on LAA SCells

Considering the agreement to not transmit HARQ ACK for serving cells at licensed carriers on an LAA SCell, the following rules should be considered for a UE configured to support UCI transmission on LAA SCell PUSCH:

· If UE is given a UL grant for a licensed band serving cell and UCI for licensed band serving cell(s) is due to be transmitted in the same subframe, or if UE is given UL grant for a unlicensed band serving cell and UCI for unlicensed band serving cell(s) needs to be transmitted in the same subframe, the UE can transmit UCI on PUSCH.

· If UE is given a UL grant for unlicensed band serving cell(s) only and UCI for licensed band serving cell(s) is due to be transmitted in the same subframe, the UE will transmit the PUSCH on the unlicensed band serving cell and UCI on the licensed band. 

· If UE is given UL grants for both licensed band serving cell(s) and unlicensed band serving cell(s) and UCI for both licensed and unlicensed band serving cell(s) is due to be transmitted in the same subframe, the UE shall transmit UCI for the licensed band serving cells on the licensed band serving cell and the UCI for the unlicensed band serving cells on the unlicensed band serving cell.

If more than one UL serving cell is available for transmitting UCI according to the above, the UCI shall be transmitted on the cell with the lowest cell index.

Proposal 1: UCI support on LAA SCell PUSCH should follow the rules described in Section 2.1 to avoid transmission of licensed carrier UCI on LAA SCells.

2.2 Design for Transmission of UCI on LAA SCells

In the email discussions, many topics related to the open issues for UCI transmission on LAA SCells were discussed. One of the key aspects that needs to be decided is on the timing relationship between DL transmissions and HARQ-ACK. The decision on this however depends on a number of other aspects that also came up in the email discussion. In the following, we provide our views on each of these aspects.
Considering that there is an agreement to support transmission of HARQ-ACKs and CSI on an LAA SCell, the design for this should be robust. The use of pre-defined timing rules as in legacy HARQ-ACK operation is not robust to UL LBT failures. And UL LBT failures will occur very often on LAA SCells. This is shown in Figure 1 where the figure on the left shows the radio of UL allocations that are cancelled due to UL LBT failures and the figure on the right shows the corresponding buffer occupancies. The results are from a system evaluation using the 3GPP indoor scenario. The detailed simulation assumptions corresponding to these figures are described in [4]. The figures show that even for low loads the fraction of UL allocations that are not used can be significant. For instance, for a buffer occupancy of just 8%, the ratio of cancelled UL allocations can be roughly 14%. As the buffer occupancy increases closer to 20%, the ratio increases to 30%. During the email discussion, there were views expressed that it is enough for HARQ-ACK transmission to work in cases where the UL allocation cancellation ratio due to UL LBT failures is very low. It is apparent from the figures below that any design that makes this assumption renders the transmission of HARQ-ACK on an LAA SCell as a useless feature.
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Figure 1: Ratio of UL allocations cancelled due to UL LBT failures and the associated buffer occupancies for a DL:UL traffic ratio of 50:50 and 20:80.
One way to achieve robust transmission of HARQ-ACKs when faced with the possibility of having a significant number of UL allocations being cancelled due to UL LBT failures is for HARQ processes to be reported in a triggered manner rather than with the use of any implicit timing rules as is currently done. Most importantly, it is crucial that the eNB and the UE have the same understanding of the set of HARQ-ACKs being transmitted. With a triggered transmission where all of the HARQ processes are reported on, any confusion is avoided and the feedback can be much more robust. Although overhead may be a concern, the default mode of operation is 20 MHz which eases this concern. With such triggered operation we can also rate-match around the HARQ-ACKs rather than puncture the PUSCH which will ensure better PUSCH performance and avoid situations where the puncturing due to accumulated HARQ-ACKs from many subframes and carriers affects PUSCH performance. More details regarding a rate-matching solution that can provide the adequate robustness is described in [5] and [6].
Proposal: Rate matching around the HARQ-ACK REs is adopted for multiplexing HARQ-ACK feedback in PUSCH
Proposal: Transmission of HARQ-ACK on PUSCH is triggered by the eNB

With triggered transmission of HARQ-ACKs, it may be possible to offload HARQ-ACKs on an LAA SCell in a flexible way with full control by the eNB with some minor changes to current behavior which prioritizes transmission on PUCCH when it is available. If this achieves the goal of transmission of HARQ-ACKs on the unlicensed cell, it is not clear that there is a need to further define UCI groups. The definition of UCI groups may be used, however, to constrain the set of cells for which HARQ-ACKs are to be transmitted although, as currently defined in the working assumption on UCI cell groups, they constrain the HARQ-ACKs to be transmitted only on the SCells within the group. If a UCI group is defined it should be possible to configure multiple groups to the UE.

There have been some questions on the feasibility of feeding back HARQ-ACKs for all HARQ-ACK processes. It has been pointed out that this could be up to 496 bits for 31 carriers and 16 HARQ processes. But, if some grouping is used, then the number of carriers which are served within any one group could be much less than this. Secondly, the SINRs are often quite good on an LAA SCell because of LBT. Moreover, many scenarios of interest are small cells where SINRs can be high. 
There have also been comments about the coverage of HARQ-ACKs transmitted on an SCell being lower than the coverage on the PCell in licensed spectrum. However, this is to be expected and the agreement on transmitting HARQ-ACKs on an LAA SCell was made with full knowledge of this limitation and it was still agreed to be a useful feature. 

There were also comments regarding the degradation due to channel estimation performance when a single interlace is used as compared to the PUCCH on the PCell. Once again, considering that it has already been agreed to transmit HARQ-ACKs on an LAA SCell, an interlaced approach allows transmission at the highest power. Evaluations have shown that such an interlaced design can provide a robust mode of transmission for PUSCH. As discussed in [5] and [6] HARQ-ACK transmission can also be supported effectively.
One advantage of using a fixed codebook size for HARQ-ACK transmission and with triggering as described above is that the eNB does not have to rely on DTX detection to ensure that there is no misunderstanding of HARQ-ACKs being transmitted by the UE. While DTX detection may anyway be useful, DTX detection may be a little bit different depending on the purpose for it. In order to make HARQ work in the first place, some DTX detection would probably be necessary in order to determine whether to store soft bits or not. But, here, the eNB can calibrate the detector so that the probability of falsely declaring that the UE attempted its transmission is low. This may mean that the probability of missing a transmission from the UE is higher, but this just results in a repeated transmission. If this is all that is used to also determine if HARQ was sent in a scheme that uses some kind of implicit timing relationship, there could be a problem since everytime the eNB misses detection of a transmitted PUSCH, the eNB and the UE will have a different understanding of the number of outstanding HARQ bits for which feedback is to be sent.

Given all of the above, there are two main approaches that are viable and their advantages and disadvantages are given below.

1)
Fixed codebook size to feedback all HARQ-ACKS possibly within a group and with triggering: With this solution, PUSCH performance does not need to be drastically affected and there is no problem due to a misunderstanding of the codebook size between UE and eNB.  The eNB could also have more direct control of when and on which LAA SCells HARQ-ACK feedback is being received. The drawback is that there is an increase in overhead because of the much larger fixed codebook size.

2)
Transmission of HARQ-ACKs according to the current timing relationship without transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure: With this solution, there would probably be a possibly small chance of a misunderstanding of the codebook size between UE and eNB and the impact on performance of the PUSCH due to puncturing may depend on the number of HARQ-ACK bits being sent although this may be controlled via the use of groups. The advantage of this solution is that the HARQ-ACK feedback overhead is lower than the first solution. However, a disadvantage compared to the first solution is that the eNB would have much less flexibility on managing the delays of HARQ-ACK feedback due to UL LBT failures since the fixed timing relationship means that the eNB has to be able schedule a UL PUSCH at the time that a HARQ-ACK is to be transmitted and the UL LBT needs to succeed for the transmission to occur.               
One aspect that is clear from the above discussion is that whatever enhancements to the current CA framework are made, the codebook size for HARQ-ACK transmission multiplexed with PUSCH on an LAA SCell must be fixed so that it is known unambiguously at the eNB and the UE
Proposal: The HARQ-ACK codebook size when multiplexed with PUSCH on an LAA SCell in a particular UL subframe is fixed

3 Conclusions
In this contribution we have discussed the transmission of UCI on an LAA SCell when multiplexed with PUSCH and we propose the following:
Proposal: UCI support on LAA SCell PUSCH should follow the rules described in Section 2.1 to avoid transmission of licensed carrier UCI on LAA SCells.
Proposal: Rate matching around the HARQ-ACK REs is adopted for multiplexing HARQ-ACK feedback in PUSCH
Proposal: Transmission of HARQ-ACK on PUSCH is triggered by the eNB
Proposal: The HARQ-ACK codebook size when multiplexed with PUSCH on an LAA SCell in a particular UL subframe is fixed
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