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1
Introduction
In RAN1#84bis, the following agreement was made on UCI reporting on unlicensed carriers in eLAA. 
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

In this document, we discuss our views on UCI transmission on eLAA SCells.
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UCI cell groups
2.1
PUCCH cell groups in Rel-13
In Rel-13, RAN1 standardized the concept of PUCCH cell groups. We briefly summarize the high level properties of UCI cell groups below. 

1. All the carriers are divided into two groups for the purpose of carrying PUCCH with each group of carriers being a PUCCH cell group.
2. Cross-carrier scheduling is not supported across PUCCH groups
3. PUCCH on SCell can carry HARQ-ACK,CSI and SR
4. RRC parameters are independently configured for both groups of carriers
5. UE procedures for PUCCH resource/payload determination and transmission is independent across both groups
6. UCI multiplexing and aperiodic CSI multiplexing is on per group basis

7. TPC commands for PUCCH on SCell is transmitted on the DCIs on the SCell
8. For the power limited case, PUCCH on PCell is prioritized over Scell for the same UCI type
As illustrated above, the basic principles of operating multiple cell groups (up to 2 groups) have already been discussed in Rel-13 eCA. 
2.2 
Principles of designing UCI cell groups in eLAA

The design of PUCCH cell groups in Rel-13 provides a reference for the design of UCI cell groups in eLAA. Extrapolating from Rel-13, we propose that at a high level
1. UCI cell groups be designed so that they can be converted to a PUCCH cell group when PUCCH is introduced on the unlicensed carriers

2. The sum total number of PUCCH cell groups and UCI cell groups can be limited to 2 in Rel-14 eLAA. 
3. For Rel-14, UCI cell group be restricted to only unlicensed carriers to avoid carrying A/N and CSI of licensed carriers on the unlicensed carriers. 
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Timing relationship between DL transmission and HARQ-ACK
3.1
Considerations for ACK/NACK transmission on eLAA SCells
Transmission on eLAA SCells has some unique properties such as dynamic TDD configurations, uncertainty of channel access due to LBT and strong bursty interference. Dynamic TDD configuration implies that UE is always uncertain about the number of UL subframes that can carry ACK-NACK and hence is uncertain about how to multiplex the ACK/NACK in each subframe. In addition, due to the need to perform LBT for UL transmission, it is not certain whether UE actually transmits the UCI. There is a significant probability that the UE may determine the ACK/NACK payload size incorrectly as it completely missed a few DL subframes due to bursty interference or the eNB not receiving the UL transmission and thus the ACK/NACK state between UE and eNB may go out of sync. Finally, this problem is further complicated by the need to transmit the ACK/NACK on the PUSCH in the absence of PUCCH in Rel-14 eLAA as PUSCH is not always available for UL transmission. 

3.2
Solution

To overcome the problems described in Section 3.1, we propose the following procedure for UE reporting of ACK/NACK. 
Fixed payload size:  The ACK/NACK payload is always a fixed size that is known to both the eNB and UE. The payload size is a function of the number of configured carriers and the number of configured HARQ process on each carrier. 
Payload content: The UE always reports a NACK for a HARQ process ID unless it successfully decodes a transport block with the HARQ process ID. 

Payload trigger:  The transmission of ACK/NACK payload is always triggered by the eNB. The trigger may be sent as part of the UL grant or as a separate common grant. 
Reliability: To ensure reliable transmission and reduce the impact of short bursty interference, we propose to add a CRC to the ACK/NACK payload.
Maintain sync between eNB and UE: We propose to add one (or more) bit(s) to the ACK/NACK payload. This bit can act as a tag and ensure that eNB and UE has the same understanding. If the state of the tag bit has not changed from the previous trigger, this implies that the eNB has not received the previous ACK/NACK and hence UE transmits the state of the ACK/NACK by including the ACK/NACKs corresponding of the older transmission. A second state of the tag bit indicates that the eNB has successfully received a previous transmission and hence the UE can construct the new ACK/NACK payload to be transmitted by resetting the ACK/NACK information from the previous ACK/NACK transmission. The UE can include the current state of its tag bit for further reliability. 
3.3
ACK/NACK on multiple SCells

We propose that ACK/NACK transmission be triggered only on one SCell. When PUSCH is triggered on multiple SCells, the PUSCH on the scheduled SCell with the smallest index is used for transmission. If this SCell does not clear LBT, then the UE drops the ACK/NACK transmission for that subframe and waits for the next trigger from the eNB. 
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Conclusions
Proposal 
1. UCI cell groups be designed so that they can be converted to a PUCCH cell group when PUCCH is introduced on the unlicensed carriers

2. The total number of PUCCH cell groups and UCI cell groups can be limited to 2 in Rel-14 eLAA. This may be revisited in later releases if needed. 

3. For Rel-14, UCI cell group be restricted to only unlicensed carriers to avoid carrying A/N and CSI of licensed carriers on the unlicensed carriers. 
4. Trigger based ACK/NACK with fixed payload size and CRC. Tag bit to maintain sync between the UE and eNB.
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