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1. Introduction
In RAN #70 meeting, a New Work Item on enhanced LAA for LTE was launched [1], where the detailed objectives of the work item are to specify support for the following functionalities: 
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]

· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]

In this contribution, we discuss on issues related to PUSCH transmission for LAA, which include self-scheduling and cross-carrier scheduling from licensed spectrum, impact of UL LBT on invalid UL grant, and the support of UL multiplexing of multiple UEs.
2. Discussion on UL self-scheduling and cross-carrier scheduling from licensed spectrum 
2.1 Discussion on challenges of UL self-scheduling
The challenges of UL self-carrier scheduling include: 1) severely reduced channel access opportunities for LAA UL, and 2) UL scheduling opportunities are limited by the scheduling timing in the current spec and also by the length of DL transmission burst on the same CC, which are analyzed in detail below.
1) Severely reduced channel access opportunities for LAA UL
For UL transmission on LAA Scell, UE can only attempts to access the medium after it is self-scheduled by a preceding UL grant DCI, which can only be transmitted after the successful acquisition of channel by eNB with LBT. The UL transmission subject to both DL and UL LBT severely reduce the channel access opportunities. By contrast, WIFI STA may access the medium at any time. Such severely unfair channel access phenomenon between WIFI STA and LAA UE can be observed in evaluation results in [2].
To ensure the channel access, shorten category 4 LBT scheme for UL self-carrier scheduling has been agreed as a working assumption in the RAN1 #82 meeting. Nonetheless, the coexistence issues may need to be studied if short LBT designed for UL is too aggressive.
2) UL scheduling opportunities are limited by the scheduling timing in the current spec and also by the length of DL transmission burst on the same CC
In current specification, LTE PUSCH occurs in the (n+k)-th UL subframe after the transmission of UL grant in the n-th DL subframe, where k is a fixed UL grant delay that corresponding to the delay caused by decoding of UL grant and preparation of UL data. 
For LAA Scell transmission, the length of DL transmission burst is limited to ensure fair coexistence with other nodes. According to the current scheduling timing limitation, if the length of UL transmission burst is larger than k (e.g., k = 4) subframes, then the UL subframes after first k-th UL subframes are un-schedulable. Besides, if the DL burst is shorter than the UL burst, then the remaining UL subframes after first N-th UL subframes are also un-schedulable, where N is the length of DL burst. Therefore, the length of UL burst is limited.
[image: image1.emf]


+4 subframe



schedulable range un-schedulable range










+4 subframe schedulable range un-schedulable range

 
Figure 1. Illustration of un-schedulable subframes
To solve the above mentioned issues, the DCI design can be enhanced to support multi-subframe scheduling or cross-subframe scheduling. 
· Multi-subframe scheduling: In this context, multi-subframe scheduling means to allow a single LAA UL grant DCI to schedule multiple UL subframes, while involving some scheduling restriction as cost.
· Cross-subframe scheduling: While cross-subframe scheduling means one LAA UL grant DCI can carry an explicit UL grant with delay offset of m, to grant the (n+k+m)-th UL subframe, but the delay offset needs to be carefully designed because the length of DL and UL burst may be variable dynamically.
Nevertheless, the assigned MCS in UL grant may be aged if the delay is enlarged between UL grant and the related UL scheduled subframe by introducing multi-/cross- subframe scheduling mechanism. This aspect needs to be further studied as well.
Proposal 1: For self-carrier scheduling, the issues of limited UL scheduling opportunities caused by the scheduling timing and the length of DL transmission burst on the same CC need to be further studied. One possible solution is to introduce multi-subframe or cross-subframe scheduling, while the potential MCS aging problem due to multi-subframe or cross-subframe scheduling still needs to be further studied.
2.2 Discussion on challenges of UL cross-carrier scheduling from licensed spectrum
The most controversial issue for UL cross-carrier scheduling is whether it is justified to utilize shorten category 4 LBT scheme for UL transmission under cross-carrier scheduling, which has been discussed in the RAN1#82 meeting and no consensus was reached. 
The main argument for UL cross-carrier scheduling with shorten category 4 LBT is that if the DL-liked normal category 4 LBT is used, LAA UE always consumes UL grant signaling from licensed carriers even if it is unable to access the medium, which may cause severe resource waste on licensed scheduling CC. 
Nevertheless, from the fair coexistence point of view, the potential risk of UL grant wasting problem may not be a justified reason for adopting shorten category 4 LBT scheme for UL cross-carrier scheduling. Specifically, If shorten category 4 LBT scheme for cross-carrier scheduling is specified, it is possible for an aggressive eNB to persistently schedule UL transmission with shorten LBT UEs from licensed carriers. Under such circumstance, the transmission of potential neighboring WIFI may be blocked, which is unfair for the WIFI system.
Regarding to the issue of UL grant wasting problem, there are some possible solutions to alleviate. 
One alternative is to design single UL grant for multiple medium access opportunities. In such scheme, one UL grant can indicate multiple continuous or discrete medium access opportunities, as shown in Figure 2. UE may attempt multiple times at each potential medium access opportunity until it successfully seizes the channel. UE may expect UL scheduling resources are reserved for it at these access opportunities. 
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Figure 2. Multiple medium access opportunities approach
Proposal 2: Regarding to UL cross-carrier scheduling, DL-liked normal category 4 LBT scheme is  suggested as baseline, and multiple access opportunities scheduling scheme can be one candidate to solve the DCI resources wasting problem caused by invalid UL grant.
3. Discussion on UL multiplexing of multiple UEs 
During the SI phase, it was recommended that LAA should target the support of UL multiplexing of multiple UEs in one subframe. If UL LBT is required, supporting of UL multiplexing of multiple UEs is not so straightforward. Specifically, if energy based UL LBT mechanism is considered, once a UE starts UL transmission, other UEs scheduled for transmission might consider the medium has been occupied by other nodes, and it may not try to access the medium. To solve this problem, the following two approaches can be considered.
1) UL multiplexing based on intra-cell associated LBT
If multiple UEs are configured with the same UL LBT parameters, which are termed as intra-cell associated LBT configuration, then they may start to sense the channel simultaneously. Therefore it is possible for multiple UEs to access the medium at the same time, as shown in Figure 3 (a). 
In addition to the requirements on coordination of LBT parameters for multiple UEs, the UL transmission burst length of multiple UEs may also need to be aligned. Specifically, if multiple UEs have been scheduled with different UL burst length and with sequential order, then the succeeding UEs may lose medium access opportunity due to LBT as shown in Figure 3 (b), which indicates inefficient resource utilization.
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(a) Equal UL burst length case (feasible case)
 
(b) Unequal UL burst length case (challenge case)
Figure 4. Illustration of intra-cell associated LBT mechanism
2) UL multiplexing based on UE to UE detection
In such scheme, if a UE finds one carrier to be busy by energy based CCA detection, it can perform some signal detection to detect that whether the carrier is accessed by other UEs from the same cell or not. If the answer is yes, the UE could expect FDM or SDM scheduling has been performed by eNB for multiple UEs in the UL, and then it can access to the carrier. To allow for such signal detection among UEs, signals may need to be designed and introduced. 
Proposal 3: To support UL multiplexing of multiple UEs, the coordination of LBT parameters and scheduling parameters may be required. Additionally, UE to UE detection can also be considered as potential solution to solve the intra-cell UEs blocking issues.
4. Conclusions
In this contribution, we discuss on some issues related to PUSCH transmission for LAA, and we propose:
Proposal 1: For self-carrier scheduling, the issues of limited UL scheduling opportunities caused by the scheduling timing and the length of DL transmission burst on the same CC need to be further studied. One possible solution is to introduce multi-subframe or cross-subframe scheduling, while the potential MCS aging problem due to multi-subframe or cross-subframe scheduling still needs to be further studied.
Proposal 2: Regarding to UL cross-carrier scheduling, DL-liked normal category 4 LBT scheme is suggested as baseline, and multiple access opportunities scheduling scheme can be one candidate to solve the DCI resources wasting problem caused by invalid UL grant.
Proposal 3: To support UL multiplexing of multiple UEs, the coordination of LBT parameters and scheduling parameters may be required. Additionally, UE to UE detection can also be considered as potential solution to solve the intra-cell UEs blocking issues.
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