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1 Introduction
In RAN#70 meeting, a WI on enhanced LAA to specify UL support for LAA SCell operation in unlicensed carrier was approved [1]. And in RAN1#84bis meeting, some agreements about LAA HARQ-ACK and CSI were agreed:
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

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

In this contribution, we discuss on uplink control information (UCI) transmission on an LAA SCell.
2 Discussion on UCI
First we discuss UCI cell group configuration, then discuss HARQ-ACK and CSI transmission on an LAA SCell separately.
· UCI cell group configuration
Considering UCI offloading from licensed carriers to unlicensed carriers, HARQ-ACK can be decoupled between licensed cells and LAA SCells. Therefore, multiple UCI cell groups can be configured for each UE. Below we discuss two options of UCI cell group configuration of LAA SCells. 
Option 1: A UCI cell group consisting of only LAA SCells
For this option, because the “UCI cell group” does not contain a licensed carrier, therefore, in this case, all HARQ-ACKs for LAA SCells within the UCI cell group are always carried on PUSCH on one or more LAA SCells within the UCI cell group whenever if any PUSCH is scheduled. If all configured SCell for HARQ-ACKs transmission performed LBT failure, then the HARQ-ACKs only are dropped. And UE should feedback the information of LBT failure to eNB, otherwise it may introduce some misunderstanding of DTX.
Option 2: A UCI cell group consisting of LAA SCells and one SCell on the licensed carrier
If the “UCI cell group” also contains a SCell on the licensed carrier, and when configured LAA SCells for HARQ-ACKs feedback performed LBT failure, then the HARQ-ACKs can be fallback to the licensed SCell carrier of this UCI cell group which will not be affection of LBT. This licensed carrier needs to reserve enough resource for HARQ-ACKs transmission of this UCI cell group. Otherwise, the HARQ-ACK is transmitted on PUSCH of the LAA SCell with the smallest SCell index of unlicensed cells. 
Option1 would helps in significantly reducing licensed carrier overhead, while option2 may cause some resource waste of the licensed carrier. Therefore, we prefer option1.
Proposal 1: A UCI cell group consisting of only LAA SCells should be considered to relive the affection of licensed carrier.

· Timing relationship between DL PDSCH transmissions and HARQ-ACK

Since the frame structure of LAA SCell is not fixed with regard to DL/UL configuration, the HARQ timing for PDSCH cannot be predefined rule as legacy LTE system. The simplest way to give scheduling flexibility to the eNB is to indicate the accurate HARQ-ACK timing by scheduling DCI. Furthermore, there can be additional alternatives which can reduce signaling overhead as follows.
Alt 1: Indication via DCI

The most simple and flexible way is indicating to the UE when to feedback ACK/NACK in DL grant or UL grant. For this Alt, the UE just follows eNB’s command and eNB has to guarantee UL resource at scheduled HARQ-ACK timing subframe.
Alt 2: Using moving window with predefined rule
For this Alt, the UE adopts moving window for transmitting HARQ-ACK whose codebook contains HARQ-ACK information of k (e.g., k=4) subframes and the UE can transmit HARQ-ACK at SF#8 corresponding to PDSCH of SF#2 and SF#4 of this moving PDSCH feedback window. As such, this window can be moving each k subframe as illustrated in Figure 1, and k can be 1, 2, 3 or 4.
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Figure 1: Transmission of HARQ-ACK corresponding to multiple subframes with moving window
Besides, if a UE transmits UCI on consecutive subframes corresponding to consecutive PDSCHs, this would cause significantly inefficient resource utilization. To reduce UCI transmission overhead, it can be recommended to support HARQ-ACK codebook can contain HARQ-ACK bits corresponding to multiple subframes. The size of the HARQ-ACK codebook of each carrier can be fixed as the same size of moving window, or the codebook size is changed with NDI. 
Proposal 2: Timing relationship between DL transmissions and HARQ-ACK can be flexibility. Plus, the HARQ-ACK corresponding to multiple subframes of a PDSCH window can be transmitted in one subframe.
· CSI

Only aperiodic CSI transmission on an LAA SCell is supported for LAA in the current scope of the work item. Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported. If the carrier triggered to transmit both UL-SCH and CSI, then the aperiodic CSI will be transmitted with UL-SCH. Otherwise, if UL-SCH load is low, but the eNB have PDSCH to send and/or a CSI-RS is sent recently, then eNB can trigger UE to report CSI without schedule UL-SCH. The CSI conclude the CSI of all unlicensed carrier of the UCI cell group or some CSI progress as the Rel-13 CA framework.
Below we give the details of HARQ-ACK and aperiodic CSI transmission on LAA unlicensed spectrum.
3 Discussion on UCI transmission

For UCI transmission on LAA unlicensed carrier, some factors should be considered. Due to UL LBT, UCI transmission opportunity should be considered as delay may be introduced if LBT is not successful. Another issue is that UCI transmission needs to satisfy the regulatory requirements that the occupied channel bandwidth shall be between 80% and 100% of the declared nominal channel bandwidth. As PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item, the UCI can only be transmitted on PUSCH of LAA SCell for UCI transmission on an LAA SCell.
· UCI transmission schemes
According to regulation, UE should perform LBT before transmission on LAA unlicensed carrier. Agreement may be reached from LAA UL Channel Access email discussion that whether UCI transmit with UL-SCH or without UL-SCH, UE may follow the LBT scheme defined for PUSCH when UCI transmitted on PUSCH. That is fast LBT scheme with one 25 μs clear channel assessment (CCA) slot can be performed within the maximum channel occupancy time (MCOT) initiated by the eNB. Otherwise, Cat4 LBT scheme with smaller contention window (CW) can be considered to improve UCI channel access probability. Besides, two methods mentioned below can be combined used for UCI to improve the UCI transmission probability.
Method 1：More transmission opportunity in time domain, such as multiple CCA opportunity or transmission condidate subframe for UCI transmission can be considered. For example, in Figure 2, assume subframe n+k is the predfined position for ACK/NACK feedback or aperiodic CSI reporting, the UE can perform CCA from the earlier subframe n+k-1, if success, the UE can send UCI at subframe n+k-1. Else, the UE contiune to perform CCA for  subframe n+k, if success, the UE can send UCI at  subframe n+k. Else,  the UE contiune to perform CCA for  subframe n+k+1, if success, the UE can send UCI at  subframe n+k+1. Else, the UE cannot send UCI. Therefore, the UCI can be deferred to later subframe transmission.

[image: image2.emf]n+k-1

UCI transmission window

n+k n+k+1

C

C

A

C

C

A

C

C

A

1ms


Figure 2: UCI transmission with more transmission opportunity in time domain 
Method 2： Multiple SCells or carrier set can be configured as candidate carrier for UCI transmission of the UCI cell group. Eventually, the carriers for UCI transmission would be determined by a rule. Such as the first CCA succeed carrier or the smallest carrier index of the multiple CCA succeed carrier or the carrier simultaneous schedule UL-SCH can be choosed as the UCI transmission carrier as illustrated in Figure 3 and the eNB blind these configured candidate carrier for UCI to decode UCI.
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Figure 3: UCI transmission with more candidate carriers
For method 1and 2, UCI payload can include one or more of the following elements: ACK/NACK for several subframe or more carriers and /or CSI from one or more carriers.
Proposal 3: More transmission opportunity in time domain or multiple candidate carriers can be considered to relieve the CCA affection for UCI transmission.

· UCI waveform
For LAA PUSCH transmission, one interlace is the basic unit of resource allocation. For UCI transmission with UL-SCH, the UCI occupies the two boundary positions and some continuous PRBs of PUSCH. Other resource of PUSCH is padding with scheduling UL-SCH. The UCI data-to-RE mapping on PUSCH follows the existing legacy behaviour.
If UCI is transmitted without UL-SCH, some repetition may be needed for RB interleaved waveform/resource for UCI transmission to satisfy the occupied channel bandwidth constraint. 
4 Conclusion
This contribution presents our views on several aspects of LAA UCI transmission. The proposals are as follows:
Proposal 1: A UCI cell group consisting of only LAA SCells should be considered to relive the affection of licensed carrier.
Proposal 2: Timing relationship between DL transmissions and HARQ-ACK can be flexibility. Plus, the HARQ-ACK corresponding to multiple subframes of a PDSCH window can be transmitted in one subframe.
Proposal 3: More transmission opportunity in time domain or multiple candidate carriers can be considered to relieve the CCA affection for UCI transmission.

References

[1] RP-152272, New Work Item on enhanced LAA for LTE, Ericsson, Huawei.







1
1

_1523964889.vsd
1


Subframe number


PDSCH


2


3


4


5


6


7


8


9


ACK/NACK
codebook


1


10


SF5


SF4


SF4


SF2


SF5


SF4


SF2


SF7


SF5


SF4



_1524048254.vsd
LBT fail


Serving cell 1


Serving cell 2


Serving cell 3


LBT success


UCI transmission



_1520064438.vsd
n+k-1


n+k+1


CCA


UCI transmission window


CCA


n+k


CCA


1ms



