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1 Introduction

In RAN1#84bis it was agreed to not support PUCCH on a LAA cell in Rel-14. However, in order to still enable UCI (HARQ-ACK) offloading from the PCell (or the PSCell) of a UE to a LAA cell, the introduction of a UCI cell group (UCG) was considered as a working assumption in order to allow HARQ-ACK transmission in response to PDSCH receptions in one or more of UCG cells in a PUSCH on a UCG cell.     
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

Moreover, the following was agreed regarding CSI transmission.

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

This contribution considers operation aspects and functionalities for a possible introduction of a UCG and the conditions for A-CSI only triggering on an LAA SCell.
2 HARQ-ACK Multiplexing in PUSCH on LAA SCell
HARQ-ACK timing and HARQ-ACK codebook determination for transmission in a PUSCH on a LAA SCell were discussed in RAN1#84bis and subsequently on the email reflector. For the HARQ-ACK codebook determination, both Rel-13 CA configurations for a dynamic codebook size and a semi-static codebook size can apply regardless of an approach used to determine the HARQ-ACK timing. This aspect is deemed to be clear and is not further discussed in this contribution.
For the HARQ-ACK timing, the proposals have been to:

a) Follow the Rel-13 timing regardless of the UL LBT outcome 
b) Accumulate HARQ-ACK information and transmit when there is scheduled PUSCH and UL LBT succeeds. HARQ-ACK timing is variable.

Rel-13 CA HARQ-ACK Timing

The approach relying on Rel-13 HARQ-ACK timing results to loss of HARQ-ACK information when UL LBT fails and therefore results to the eNB retransmitting the associated PDSCHs. The eNB does need to rely on PUSCH DTX detection as PDSCH retransmissions are triggered from a false CRC check for the (presumed but non-transmitted due to UL LBT failure) HARQ-ACK codebook. However, in many scenarios (e.g. isolated cells or lightly loaded cells) UL LBT failure is not an issue and even in heavily loaded cells an eNB can typically find and configure a UE for UL transmissions on an SCell with low traffic from other devices (this is practically required regardless of a specific mechanism). An eNB operating CA implements the same HARQ-ACK timing regardless of whether or not a UE is configured with UCG or has UL CA capability. PUCCH resource overhead savings on the PCell require existence of PUSCH transmissions on a LAA SCell but this is up to the eNB implementation. For example, PUCCH overhead reduction can be opportunistic when the eNB schedules PUSCH for a UE on a LAA SCell or, for a UE with significant DL scheduling activity on LAA SCells that would require respective material HARQ-ACK feedback overhead on the PCell, the eNB can trigger PUSCH multi-subframe scheduling on one UL-heavy LAA SCell so that the UE can continuously feedback HARQ-ACK as on the PCell (subject to UL LBT). In this manner, the HARQ-ACK payloads are contained, spatial domain bundling leading to throughput loss of up to 10% is not needed, coverage is not an issue, and DL throughput gains due to CA are maintained as all HARQ processes can be scheduled as usual.  
Observation 1: Rel-13 HARQ-ACK timing can be supported in a simple manner by eNB implementation while avoiding an impact on DL throughput or UL HARQ-ACK coverage on an LAA SCell.

Deferred HARQ-ACK Transmission
The approach relying on deferred HARQ-ACK transmission has the advantage of not dropping HARQ-ACK due to UL LBT failure. This advantage primarily only exists when the UL LBT failure probability is relatively high; otherwise, it is only an optimization with no material impact on system throughput. This approach is also associated with the following disadvantages. 

Multiple HARQ-ACK timings in CA specifications and implementations
With deferred HARQ-ACK transmission and under the CA framework, UEs configured with LAA that do not have UL CA capability (essentially all existing or near future UEs that support DL CA) or are not configured a UCG follow the Rel-13 HARQ-ACK timing. With UCG configuration, eNB/UEs need to implement a different HARQ-ACK timing. 

Inability of the eNB to determine PUSCH DTX

A first disadvantage is that the eNB has no means to determine whether or not UL LBT failed. PUSCH DTX detection is required but it is unlikely it can have the required accuracy in general and especially on unlicensed carriers. On licensed carriers, it is easier to detect PUSCH DTX as the received energy in assigned PUSCH resources corresponds to inter-cell interference and the eNB can potentially set proper thresholds (still difficult for UEs with low SINR). On unlicensed carriers, it is more challenging to detect a PUSCH DTX as interference can be unpredictable, in close proximity, and even from other LTE UEs associated with a different operator. It is noted that many eNBs do not implement PUSCH DTX detection (on licensed cells) and there are no associated RAN4 tests specified.
Failure of PUSCH DTX detection is not a serious problem for data as useless soft bits are essentially noise and they are often resolved by HARQ retransmissions. For HARQ-ACK, it leads to an ambiguity at the eNB of whether or not the UL LBT failed or the HARQ-ACK codebook was incorrectly detected. For example, if the UE transmitted the HARQ-ACK codebook and the eNB failed to detect it, the UE will not defer it to a later PUSCH transmission. As the number of REs used to transmit HARQ-ACK depend on the HARQ-ACK codebook size, the eNB will need to test more than one hypothesis (RE mappings) for the data detection and this is too complex to be implemented. To mitigate this problem, a general alternative is for the UE to always transmit the maximum HARQ-ACK payload for all DL cells associated with the UCG and for all HARQ processes. As it is subsequently discussed, this leads to coverage issues, throughput loss as spatial domain bundling is practically necessary, and cannot generally avoid the eNB not being able to schedule the UE for some of the HARQ processes or the UE dropping some HARQ-ACK. 

Observation 2: Deferred HARQ-ACK transmission is not functional when the eNB is unable to perform highly accurate PUSCH DTX detection.

Observation 3: Deferred HARQ-ACK cannot avoid losing HARQ-ACK information or resulting to scheduling inability when an UL LBT fails. 
Coverage Issues
Transmitting the maximum possible HARQ-ACK payload leads to coverage issues for HARQ-ACK feedback which in turn lead to DL throughput loss as either scheduler restrictions are required (e.g. number of configured cells for UE), and/or spatial domain bundling, and/or use of fewer HARQ processes. Also, unlike Reed-Muller coding, the current TBCC design cannot exploit known HARQ-ACK information bits. For example, for 16 HARQ processes and 31 LAA SCells, the maximum HARQ-ACK codebook size is 16x31=496 bits, if HARQ-ACK spatial bundling is applied (for a throughput loss of ~10%), or 992 bits if HARQ-ACK spatial bundling does not apply (8 CRC bits need to also be added). Even when the number of LAA SCells is much less than 31, the HARQ-ACK codebook size is still substantial. 

This creates coverage issues on the PUSCH as only the symbols next to the DMRS are used. Relative to PUCCH Format 4 transmission (on the PCell) over 2-3 RBs, HARQ-ACK multiplexing in a PUSCH on a LAA SCell results to a ~4 dB worse link budget, a 1-2 dB in channel estimation loss as it needs to be per RB (suffering edge effects and utilizing only 24 DMRS symbols), and an MPR that can be as high as 8 dB [1]. Therefore, assuming that code rate is not an issue, coverage of HARQ-ACK when multiplexed in a PUSCH over 1 interlace can be worse than HARQ-ACK coverage over 2 RBs (or even 1 RB) for PUCCH Format 4. Clearly, assigning more interlaces does not solve the coverage problem. The above issues may potentially be resolved but will require non-negligible new specifications that do not seem possible to accommodate in the present WI.

It was suggested that LAA is limited to small cells to cope with the HARQ-ACK coverage issue on the PUSCH. This is an unnecessary limitation. It is also noted that in such case there is no need to support PRACH transmissions even for non-collocated PCell and LAA SCells (UL synchronization within the CP can be based on DL signaling).
Observation 4: Using maximum HARQ-ACK codebook size for multiplexing on PUSCH severely limits the link budget.

Latency, Data Rates, Throughput

A UE does not transmit HARQ-ACK unless (a) the UE is scheduled a PUSCH, and (b) the DL LBT for the UL grant is successful (when transmitted on the LAA Scell), and (c) the UE detects the UL grant, and (d) the UL LBT succeeds. If any of the above four conditions is not be fulfilled, the UE does not transmit HARQ-ACK, latency for data TBs increases, and throughput and data rates decrease. Although the above are necessary for dual connectivity or standalone operation, they are not necessary for CA where the UE can transmit timely HARQ-ACK on the PCell when it does not detect an UL grant. The likely need for spatial domain bundling will also penalize throughput. 
Observation 5: Using maximum HARQ-ACK codebook size and deferred HARQ-ACK timing results to worse latency, throughput, and data rates than Rel-13 CA timing.

In general, although deferred HARQ-ACK reporting mechanisms may be unavoidable for standalone operation or for dual connectivity, applying them for CA fails to capture inherit advantages of CA through the existence of an always available licensed carrier when the UE does not detect an UL grant for an LAA SCell or when the eNB needs to reliably receive HARQ-ACK information.  
Proposal 1: If UCG is introduced in this WI, new HARQ-ACK timing is not introduced. 
Another FFS point is whether or not the UCG should include licensed cells. As the objective of introducing a UCG is to reduce UCI overhead on the PCell, there is no reason to exclude any cell from the UCG. In fact, all cells where a UE is configured for UL transmissions, with the exception of the PCell (as otherwise there is no point to define a UCG since HARQ-ACK can be transmitted in the PUSCH), can form the UCG. Essentially, the eNB should be free to configure any cells it wants in the UCG.
Proposal 2: The eNB is not restricted in configuring UCG cells depending on whether a cell is ‘licensed’ or ‘unlicensed’.

Another FFS point is whether HARQ-ACK is multiplexed in a single PUSCH or in multiple PUSCHs. The possibility to transmit HARQ-ACK in multiple PUSCHs is primarily intended to suppress the probability of UL LBT failure for UEs with large UL CA capability. In general, this is an optimization but the eNB is already provided the capability to simultaneously trigger the same A-CSI in multiple cells. Extending this capability to HARQ-ACK can be useful. Similar to the A-CSI, multiplexing HARQ-ACK in more than one PUSCH should not be default behavior but should be under the eNB control. Although for A-CSI this is by dynamic signaling, the functionality is different than for HARQ-ACK (e.g. A-CSI triggering needs to anyway be dynamic) and RRC signaling suffices to configure cells where simultaneous HARQ-ACK multiplexing in PUSCH is enabled.   

Proposal 3: The eNB configures UCG cells where HARQ-ACK can be additionally multiplexed in respective PUSCH transmissions in the same subframe.
HARQ-ACK resources in PUSCH on LAA SCell
The number of PUSCH REs for HARQ-ACK multiplexing is determined based on the target data BLER and the  
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 value that enables a different target BLER for HARQ-ACK. The target data BLER cannot be generally assumed to be the same for operation on licensed cells and unlicensed cells. For example, when the UL LBT succeeds, it is likely that the data BLER for the PUSCH on the LAA SCell can be much better than on a licensed cell. This can allow a smaller 
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 value to be used on LAA SCells which can also somewhat alleviate the loss in data REs due to HARQ-ACK multiplexing or, in general, due to UCI multiplexing. 
Proposal 4: The 
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 values are separately configured for licensed cells and LAA cells. 

3 CSI Reporting for LAA SCell

One FFS point is the triggering of A-CSI only PUSCH transmissions. The same principle as in Rel-13 can be used while considering that asynchronous HARQ is supported and the RV is explicitly indicated. 

Proposal 5: A-CSI only PUSCH transmission on LAA Scell is triggered as in Rel-13 by replacing the DCI format indication of IMCS=29 with RV=1. 

P-CSI is not supported on a SCell in this WI (by default since PUCCH is not supported in this WI). However, an eNB scheduler should not be constrained on scheduling PUSCH in order to get a CSI report for a LAA Scell, e.g., P-CSI report by PUSCH on licensed cell, or by triggering A-CSI report on a LAA Scell or licensed cell and P-CSI reporting on the PCell does not need to depend on the cell type (licensed or unlicensed). In other words, Rel-13 tools remain available for an eNB. 

Observation 6: P-CSI reporting for a LAA SCell on the licensed cell is not precluded.

4 Conclusions

This contribution considered UCI transmission aspects in a PUSCH on a LAA SCell and proposes the following.
Proposal 1: If UCG is introduced in this WI, new HARQ-ACK timing is not introduced. 
Proposal 2: An eNB is not restricted in configuring UCG cells depending on whether a cell is ‘licensed’ or ‘unlicensed’.

Proposal 3: The eNB configures UCG cells where HARQ-ACK can be additionally multiplexed in respective PUSCH transmissions in the same subframe.
Proposal 4: The 
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 values are separately configured for licensed cells and LAA cells. 

Proposal 5: A-CSI only PUSCH transmission on a LAA Scell is triggered as in Rel-13 by replacing the DCI format indication of IMCS=29 with RV=1. 
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