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1 Introduction

In the RAN1 #84bis meeting, the following agreement and working assumptions were achieved for uplink control information (UCI) transmission for eLAA [1]. One email discussion [84b-05] after RAN1 #84bis was triggered to further discuss UCI transmission for eLAA. 
Agreement:
· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item
· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE
· 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
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
In Section 2, we provide further discussion on the UCI transmission for eLAA, including whether to confirm the introduction of UCI cell group (UCG) (without PUCCH). Aspects of UCI transmission for a single cell group is given in Section 3 while self-contained HARQ-ACK feedback design for unlicensed cells is introduced in Section 4 and other issues related to UCI transmission for eLAA are contained in Section 5. 
2 Support of UCI cell group
On the one hand, there has to be a HARQ-ACK feedback mode where all the HARQ-ACKs for licensed cell(s) and/or unlicensed cell(s) are transmitted on PUCCH or PUSCH of a licensed cell, in case that the UCG is not introduced (or even if the UCG is introduced but is not configured). For this mode, the current CA framework could be reused to a maximum extent, and a few additional rules would be needed which is discussed in Section 3. Moreover, it would be beneficial for the network if a Rel-14 LAA UE could have a configuration which allows it to operate its UCI transmission exactly as a Rel-13 LAA UEs. It should also be noted that having UCI transmission on licensed carriers can be seen as a competitive advantage over WiFi systems.
The fundamental motive for the introduction of the UCG is to achieve the UCI offloading for the scheduling on unlicensed cell(s). However, UCG is not critical for this and even without the UCG, it could be considered that offloading could be supported in some situations where there is only DL scheduling for unlicensed cells. Therefore, the HARQ-ACK feedback scheme without the UCG should be determined first, before judging whether to additionally introduce the UCG. 

Observation 1: One mode where all the HARQ-ACKs for licensed cell(s) and/or unlicensed cell(s) are transmitted on PUCCH or PUSCH of a licensed cell should be supported for Rel-14 UEs. 

Observation 2: Offloading of HARQ-ACKs for unlicensed cells could be supported when there is only DL scheduling for unlicensed cells without having to define a UCG. 
On the other hand, if later on, PUCCH on LAA SCells will be introduced, the UCG may not be very useful while PUCCH on LAA SCell could suffice in that case. As offloading is a main purpose of the UCG, HARQ-ACK transmission should be self-contained within the UCG, which will require specifying HARQ-ACK deferring/dropping, new HARQ-ACK timing, etc. These methods may become unnecessary or may need to be revised if PUCCH will be supported. For example, it has been proposed that HARQ-ACK only transmission on PUSCH without UL-SCH should be supported, which is obviously not needed if PUCCH will be supported in the future work item. 
Observation 3: HARQ-ACK feedback schemes designed for the UCG will become redundant or may need to be revisited if PUCCH will be supported on LAA SCells. In addition, the HARQ-ACK only transmission on PUSCH without UL-SCH is not needed if PUCCH will be supported. 
Thus, given that it is unclear if PUCCH will be supported in this release, that offloading could be accommodated without specifying UCG and that the HARQ-ACK feedback scheme without the UCG is not yet determined, there seems to be no need to confirm this working assumption and introduce the unlicensed UCG at this point. 
Proposal 1: One mode where all the HARQ-ACKs for licensed cell(s) and/or unlicensed cell(s) are transmitted on PUCCH or PUSCH of a licensed cell should be supported. Do not confirm the working assumption for the introduction of the UCG. 

3 UCI transmission for a cell group including licensed cell(s)
For the HARQ-ACK transmission mode wherein the cell group contains both licensed cell(s) and unlicensed cell(s), the current CA framework could be reused to a maximum extent, and a few additional rules would be also needed. Note that if UCG is not specified, there is a single cell group containing both licensed and unlicensed cells.
· In case that simultaneous transmission of PUCCH and PUSCH is configured, HARQ-ACK(s) for licensed and/or unlicensed cell(s) should be always transmitted on the PUCCH of the cell group. 
· In case that simultaneous transmission of PUCCH and PUSCH is not configured, HARQ-ACK(s) for licensed and/or unlicensed cell(s) is transmitted on the PUCCH of the cell group if there is no PUSCH scheduling in this cell group. 
· In case that simultaneous transmission of PUCCH and PUSCH is not configured, and there is PUSCH on a licensed cell, HARQ-ACK(s) for licensed and/or unlicensed cell(s) is transmitted on the PUSCH on a licensed cell with smallest cell index of the cell group. 
· In case that simultaneous transmission of PUCCH and PUSCH is not configured, and there is(are) only PUSCH(s) on unlicensed cell(s), HARQ-ACK(s) for licensed and/or unlicensed cell(s) is transmitted on the PUCCH and the PUSCH(s) on unlicensed cells are not transmitted. 
Note that Rel-13 HARQ-ACK timing for LAA SCells should be reused for this HARQ-ACK feedback mode. 
Proposal 2: When the cell group contains both licensed cell(s) and unlicensed cell(s) and if simultaneous transmission of PUCCH and PUSCH is not configured, the current CA framework is used together with the following additional rules:

· The PUSCH on a licensed cell with smallest cell index among only licensed cells is used for the HARQ-ACK transmission. 

· If no licensed PUSCH is scheduled but there is at least one unlicensed PUSCH scheduled, then PUCCH is used for the HARQ-ACK transmission and the unlicensed PUSCHs are dropped. 
· The Rel-13 HARQ-ACK timing for LAA SCells is reused. 
In addition, to achieve unlicensed HARQ-ACK offloading even if the UCG is not introduced, it could be considered that the CA UCI feedback framework is complemented with some rules to guarantee that HARQ-ACK for licensed cells is not put on unlicensed cells, e.g., offloading could be supported in some situations where there is only HARQ-ACK for unlicensed cells. For example, if there are HARQ-ACKs only for LAA SCells and also only PUSCH(s) on LAA SCells, the current CA framework will put the HARQ-ACKs in one of those PUSCHs, if simultaneous PUCCH and PUSCH is not configured. 
Observation 4: To achieve unlicensed HARQ-ACK offloading, it could be considered that the CA UCI feedback framework is complemented with some rules to guarantee HARQ-ACK offloading to be supported in situations where there is only HARQ-ACK for unlicensed cells. 
4 Self-contained HARQ-ACK feedback for unlicensed SCells
In this section, we discuss HARQ-ACK timing and HARQ-ACK codebook determination when there is only HARQ-ACKs for unlicensed cells. Note that this would also be the case for the HARQ-ACK feedback within a UCG (if defined). 
In the email discussion [84b-05], three approaches were listed as below: 

Approach 1: Fixed codebook size to feedback all configured HARQ processes possibly within a group and with triggering. Specifically, the number of HARQ-ACK bits sent in an UL subframe multiplexed with PUSCH is fixed to be X*N, where N is the number of LAA SCells configured to the UE and X is the configured number of HARQ processes.
This could introduce large UCI overhead which will degrade UL-SCH performance. To overcome the overhead, configuring the number of processes and cells can be used, which however would bring scheduling restriction. Detailed analysis can be found in Section 4.2. A triggering mechanism would have to be accommodated in the UL grant. Hence, HARQ-ACK feedback will depend on that both the UL grant and the PUSCH can be transmitted. To schedule the PUSCH, it would also require that the UE has UL-SCH or reports aperiodic CSI. A PUSCH without such content, i.e., only HARQ-ACK, is effectively a PUCCH, which is not to be specified in the current work item. 

It should be noted that the major effort in Rel-13 enhanced CA was the specification of dynamic HARQ-ACK codebook size, for the particular reason of handling large number of LAA SCells. Also the feature of PUCCH on SCell will be directly applicable to LAA once PUCCH for LAA is defined. 
Approach 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. 
This may have small specification impact but is not efficient if UL LBT fails, since one UL burst may contain multiple UL subframes which means that multiple opportunities can be provided for HARQ-ACK transmission. 
Approach 3: Transmission of HARQ-ACKs according to the current timing relationship with transmission of any deferred HARQ-ACKs that were not transmitted due to UL LBT failure. 
In this approach, the codebook size is based on DL burst identification and simple pre-defined timing. The reliability of DL burst identification can be guaranteed based on the common DCI scrambled with CC-RNTI which was specified in Rel-13 LAA, while the eNodeB performs PUSCH DTX detection to determine whether HARQ-ACKs were transmitted. 
However, the above approaches are not exhaustive as HARQ-ACK deferring can be used to increase the successful probability for HARQ-ACK transmission while avoiding PUSCH DTX detection, by duplicating (re-transmitting) HARQ-ACK bits from earlier subframes. This approach could be easily extended to support PUCCH that may be introduced in the future. 
In Section 4.1 and 4.2, more detailed discussion on HARQ-ACK timing and the codebook determination is provided. 
4.1 HARQ-ACK timing
Before LTE Rel-14, timing between PDSCH and its associated HARQ-ACK is pre-determined. However, for HARQ-ACK transmission on an LAA SCell, the HARQ-ACK timing cannot follow the  pre-determined rule. Firstly, eLAA would support flexible frame structure 3 where the number of DL and UL subframes could vary for every transmission burst. Secondly, HARQ-ACK transmission would normally be subject to LBT, and then the timing cannot be guaranteed for the HARQ-ACK transmission. Although above issues exist, a simple timing rule for HARQ-ACK transmission on LAA SCell is still expected. Fundamentally, the minimum interval between PDSCH and the related HARQ-ACK should be kept as 4 subframes to reduce the complexity of both specification and implementation. 
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Figure 1.  Examples of HARQ-ACK timing for eLAA with minimum 4 subframes delay. 
For example, as shown in Figure 1(a) and Figure 1(b), intra-TxOP and inter-TxOP HARQ-ACK transmissions are determined based on the simple rule of minimum interval of 4 subframes. To achieve the simple rule, the UE has to identify the DL burst, and then the UE could determine the HARQ-ACK subframe(s) based on DL burst identification and the timing rule. As concluded in Rel-13 LAA, the UE can determine the starting of the DL burst by detecting CRS and/or (E)PDCCH, and can determine the end of the DL burst by receiving the common DCI scrambled by CC-RNTI in last two DL subframes in the DL burst. Furthermore, methods can also be considered to enhance the robustness, e.g., assistance of the DAI field in each DL assignment may be used or the end common DCI may indicate the number of total subframes in the corresponding DL burst. Note that this framework for HARQ-ACK transmission can be easily inherited if PUCCH will be introduced on LAA SCell in the future. 
Proposal 3: The UE determines the HARQ-ACK subframe based on DL burst identification (by CRS/(E)PDCCH detection and by the common DCI in the last symbols of the burst) and the timing rule of at least 4 subframes interval between PDSCH and the related HARQ-ACK. 
4.2 HARQ-ACK codebook size determination
Before LTE Rel-13, semi-static HARQ-ACK codebook is used based on configured set of carriers/subframes and pre-defined mapping order. For Rel-13 CA, besides the semi-static codebook, dynamic codebook configuration based on counter DAI and total DAI was introduced, where the UE does not feedback the related HARQ-ACK(s) to the unscheduled carrier/subframes. In the following, two alternatives are provided for the codebook determination for HARQ-ACK transmission on LAA SCell. 
Alternative 1: Codebook based on identified DL burst and timing rule

The codebook for HARQ-ACK transmission on LAA SCell should be at least based on the legacy semi-static codebook with an exception that the bundling window size associated with the HARQ-ACK subframe cannot be pre-defined. However, the UE has robust means to identify the starting and ending subframe of the DL burst based on which and the simple timing rule it can derive the subframe for HARQ-ACK transmission on PUSCH or PUCCH, as discussed in Section 4.1. 
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Figure 2. Example of HARQ-ACK codebook determination for eLAA

Furthermore, as shown in Figure 2, considering that HARQ-ACK in a subframe may not be transmitted due to LBT failure, it would be beneficial to increase the successful probability for the HARQ-ACK transmission, e.g., deferrring to the following UL subframes. The eNodeB could determine whether the HARQ-ACK transmission was deferred based on DTX detection. To be more robust, the UE can also accumulatively feedback the HARQ-ACK(s) in a few UL subframes to overcome the potential inaccuracy by the DTX detection, which means that even if the previous HARQ-ACKs are transmitted based on successful LBT, these HARQ-ACKs need to be duplicated in the following UL subframe(s). This will guarantee that the eNodeB and the UE have the same understanding of HARQ-ACK codebook size. Note that it is not desirable to defer HARQ-ACK(s) for very long time, since it degrades downlink throughput and also results in a large codebook size in the following HARQ-ACK subframe.  Instead the eNodeB could retransmit the PDSCH(s) corresponding to the deferred HARQ-ACK(s) in the next coming DL burst. 
In addition, if multiple UL subframes for a UE are scheduled, UL grant (one MSF grant or separate SSF grants) can indicate to the UE to only transmit HARQ-ACK(s) in the last scheduled UL subframe without duplicating HARQ-ACK bits. 
Also note that the HARQ-ACK transmission in a partial or full subframe just following the DL part may not need the LBT, so that these HARQ-ACKs do not need to be deferred. 

Alternative 2: Codebook based on fixed maximum number of DL HARQ processes per cell
Assuming 16 DL HARQ processes per cell, then the codebook size is fixed to 16*N, wherein N the number of configured LAA SCells. This means that the codebook size is determined regardless of the actual size of the DL burst. This alternative has a number of drawbacks: 

· It would incur large overhead, e.g., 16*31=496 bits, even if only very short burst per cell is scheduled. Note that even if the minimum number of allocated PRB pairs is 10, it does not mean that large UCI overhead is tolerable as it can degrade UL and DL throughput. 
· It would lead to numerous useless HARQ-ACK bits, part of which has been reported due to no LBT in the UL subframe following the DL burst. This would also increase the overhead and then impact to the system throughput. 
· If this is to support HARQ-ACK on PUSCH, it does not help when/if PUCCH is introduced, given that we do not have PUCCH grants. Therefore, it is not a unified solution. 
To summarize, alternative 1 is preferred considering it is based on legacy scheme and is more efficient from overhead and system throughput points of view. 
Proposal 4: The HARQ-ACK codebook is based on identified DL burst length and and a pre-defined timing rule. HARQ-ACK deferring to a few following UL subframes could be considered. 
5 Aperiodic CSI transmission on LAA SCell
Moreover, to be self-contained, transmission of aperiodic CSI for licensed cells is not supported on an LAA SCell. For the aperiodic CSI only (without UL-SCH) transmission for LAA SCell(s) on an LAA SCell, the valid MCS conditions could reuse that in the Rel-13 CA with more than five serving cells where the MCS index of 29 and aperiodic CSI triggering bit with a state not as ‘00’ but no limitation for the scheduled number of PRBs are used. 

Proposal 5: Transmission of aperiodic CSI for a licensed cell is not supported on an LAA SCell. 
Proposal 6: For the aperiodic CSI only (without UL-SCH) transmission for LAA SCell(s) on an LAA SCell, the valid MCS conditions could reuse that used in the Rel-13 CA with more than five serving cells. 

6 Conclusion
In this contribution, we provide further discussion on the UCI transmission for eLAA, including whether to confirm the introduction of UCG (without PUCCH) in the current work item.  The following proposals are provided: 
Proposal 1: One mode where all the HARQ-ACKs for licensed cell(s) and/or unlicensed cell(s) are transmitted on PUCCH or PUSCH of a licensed cell should be supported. Do not confirm the working assumption for the introduction of the UCG. 

Proposal 2: When the cell group contains both licensed cell(s) and unlicensed cell(s) and if simultaneous transmission of PUCCH and PUSCH is not configured, the current CA framework is used together with the following additional rules:

· The PUSCH on a licensed cell with smallest cell index among only licensed cells is used for the HARQ-ACK transmission. 

· If no licensed PUSCH is scheduled but there is at least one unlicensed PUSCH scheduled, then PUCCH is used for the HARQ-ACK transmission and the unlicensed PUSCHs are dropped. 
· The Rel-13 HARQ-ACK timing for LAA SCells is reused. 
Proposal 3: The UE determines the HARQ-ACK subframe based on DL burst identification (by CRS/(E)PDCCH detection and by the common DCI in the last symbols of the burst) and the timing rule of at least 4 subframes interval between PDSCH and the related HARQ-ACK. 
Proposal 4: The HARQ-ACK codebook is based on identified DL burst length and and a pre-defined timing rule. HARQ-ACK deferring to a few following UL subframes could be considered. 

Proposal 5: Transmission of aperiodic CSI for a licensed cell is not supported on an LAA SCell. 

Proposal 6: For the aperiodic CSI only (without UL-SCH) transmission for LAA SCell(s) on an LAA SCell, the valid MCS conditions could reuse that used in the Rel-13 CA with more than five serving cells. 
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