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Introduction
Subject to the uncertainty of the uplink resource due to LBT before uplink transmission, during the discussion of R13 SI stage for LAA, the following agreement has been reached [1].
· Recommend to support asynchronous UL HARQ for UL LAA operation
Furthermore, in RAN1#80bis meeting, the followings were agreed.
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version

In this contribution, we will focus on UL Grant transmission related to UL HARQ operation.

Discussions
For LAA PUSCH transmitted in unlicensed carriers, if UL Grant DCI is transmitted in unlicensed carrier by UL self-carrier scheduling, the transmission of UL Grant  may  be delayed longer subject to LBT by the eNB before downlink transmission. One example is illustrated as in Figure 1. The eNB could have transmitted another UL grant  in subframe 4 for the same HARQ process transmitted in subframe 0, however,  because of LAA Scell LBT failure, the UL grant is delayed to the  8st subframe, which result in 4 subframes HARQ delay. 
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[bookmark: _GoBack]Figure 1 UL HARQ delay problem for eLAA
To avoid the risk of long delay brought by LAA Scell sustaining LBT failure, UL Grant transmitted in Licensed Cell may be a promising way. However, such approach will put much pressure on the control channel overhead on the licensed cell. Thus, cross carrier scheduling by UL Grant from unlicensed carrier can be supported for LAA. At the same time, it is noted that scheduling licensed carrier from one unlicensed carrier shall not be supported considering the system efficiency.
Proposal 1: Cross carrier scheduling by UL Grant from unlicensed carrier can be supported for LAA 
· UE is not expected to be configured with unlicensed carrier scheduling licensed carrier.

For eLAA cross carrier scheduling, if UL Grant from unlicensed carrier is supported, to further reduce the UL Grant scheduling latency, another approach is to increase the number of LAA Scells enable of transmitting UL Grant. However, the scheduled unlicensed carrier still possibly exists sustaining LBT failure, the issue of long delay is still not effectively resolved. Thus, we propose a “UL Grant carriers group”, within which any carrier belonging to the carrier group should be able of transmitting UL Grant. All the PUSCH transmissions in the unlicensed carriers can be scheduled by the UL grants from the “UL grant carrier group”. Two illustrations are shown as Figure 2a and 2b, where in Figure 2a the number of UL Grant carrier group is equal to the number of carrier carrying PUSCH, and in Figure 2b the former is less than the latter.
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Figure 2a Illustration of UL Grant Carrier Group
(Number of UL Grant Carrier = Number of UL Data)
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Figure 2b Illustration of UL Grant Carrier Group
(Number of UL Grant Carrier < Number of UL Data)
Different from licensed cell DL transmission, the feature of LAA LBT makes the LAA Scell DL transmission become opportunistic. Thus, by utilizing this approach, the transmission opportunity for UL grant can be increased since the PUSCH can be scheduled once any of the carrier within the “UL Grant carriers group” succeeds the LBT procedure. However, on the other side of the coin, by this scheme, more blind detections are needed for the UE for any carrier if the current UE-specific (e) PDCCH search space design is reused. Therefore, UE-specific (e)PDCCH search space enhancement needs to be optimized if  such “UL grant carrier group” is introduced.

Proposal 2: “UL grant carrier group” can be considered for eLAA
· a “UL grant carrier group” includes at least one carrier on which UL grants are transmitted;
· All the PUSCH transmission in the unlicensed carriers can be scheduled by the UL grants from the “UL grant carrier group”;
· The transmission of the UL grant depends on the LBT results of each carrier within the “UL grant carrier group” ;

Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Cross carrier scheduling on UL Grant from unlicensed carrier should be supported for LAA 
· UE is not expected to be configured with unlicensed carrier scheduling licensed carrier.
Proposal 2: “UL grant carrier group” can be considered for eLAA
· a “UL grant carrier group” includes at least one carrier on which UL grants are transmitted;
· All the PUSCH transmission in the unlicensed carriers can be scheduled by the UL grants from the “UL grant carrier group”;
· The transmission of the UL grant depends on the LBT results of each carrier within the “UL grant carrier group” ;

References
[1] [bookmark: _Ref447296857]TR 36.889, “Feasibility Study on Licensed-Assisted Access to Unlicensed Spectrum”, v.13.0.0 

image3.png
UL Grant

( U-Carrier 1
Carrier Group } U-Carrier 2

(eJPDCCH | % | PUSCH
(e)PDCCH ><\: PUSCH
U-Carrier 3| (¢)PDCCH PUSCH





image1.png
LAA LBT failure

(—lﬁ

0 12 3 4 56 7 8 9 10 11 12 13 14

Uplink/ TX k X X X Nackigrant Uplink fe-TX
X< PR |

0 12 3 4 56 7 8 9 10 11 1213





image2.png
 U-Carrier 1| (e)PDCCH | — PUSCH
3

UL Grant

U-Carrier 2 (E)PDCCH

7 PUSCH
Carrier Group |

U-Carrier 3 (E)PDCCH o3 PUSCH





