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1. Introduction
In 3GPP RAN #68 meeting, the work item on Licensed-Assisted Access to Unlicensed Spectrum was approved [1].  One of the objectives of the WI is,
In this contribution, we discuss on some issues related to UL channel access for LAA that may have impact on the downlink transmission design, which include the scheduling cell for UL LAA Scell impact of UL LBT on invalid UL grant, and the support of UL multiplexing of multiple UEs.
2. Discussion on scheduling cell for UL LAA Scell  
Four possible scheduling combinations for an LAA SCell were identified in TR, which are 
-
Combination 1: Self-scheduling on both DL and UL
-
Combination 2: Self-scheduling on DL and cross-carrier scheduling on UL
-
Combination 3: Cross-carrier scheduling on DL and self-scheduling on UL
-
Combination 4: Cross-carrier scheduling from the same scheduling carrier for both DL and UL
Regarding to UL scheduling, the pros and cons of both self-carrier and cross-carrier scheduling needs to be carefully analyzed before concluding on which schemes to be support. In the following, we will analyze the new issues that will be aroused by both self-carrier and cross-carrier scheduling, and analyze the possible impacts on the DL transmission design.
2.1 Discussion on challenges of UL self-scheduling
The challenges of UL self-scheduling include: 1) Severely reduced channel access opportunities for LAA UL, and 2) UL scheduling  opportunities is 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
Note that LAA 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, several solutions can be discussed, such as short LBT for UL compared with that for DL LBT. Nonetheless, the coexistence issues may be need to be studied if short LBT designed for UL is too aggressive.
2) UL scheduling  opportunities is 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.
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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. In this context, multi-subframe scheduling means allow a single LAA UL grant DCI to schedule multiple UL subframes, while involving some scheduling restriction as cost. While cross-subframe scheduling means a 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. 
2.2 Discussion on challenges of UL cross-carrier scheduling
The straightforward challenge of UL cross-carrier scheduling is that it put excessive burdens of PDCCH on licensed scheduling CC. Specifically, If UL cross-carrier scheduling is considered, it is necessary to restrict the scheduling carriers to be licensed carriers, so as to ensure scheduling resource for UL grant. With the increased number of LAA Scell, the burdens of PDCCH on licensed scheduling CC shall be increased accordingly. Nonetheless, if the UE can be configured with multiple licensed carriers, the PDCCH overhead can be shared by multiple licensed carriers, so as to avoid involving severe burden on primary cell. 
Another mechanism that help for reducing the PDCCH burden on licensed carriers is design multi-carriers DCI, which is also termed as joint DCI in the eCA study. Such DCI can be designed to jointly schedule multiple carriers. The feasibility for such multi-carrier DCI in LAA with LBT and the specification impacts need to be well studied. 
Proposal 1: By balancing the impact of both self-carrier and cross-carrier scheduling for LAA Scell, it is recommended to consider UL cross-carrier scheduling on licensed carriers as baseline. If the UL self-carrier scheduling is to be supported, the problem of severely reduced channel access and scheduling opportunities needs to be solved.
3. Discussion on impact of UL LBT on invalid UL grant
UE may miss UL transmission opportunity if it is unable to access the medium at the scheduled subframe due to LBT, then the corresponding UL grant signaling shall be discarded according to the current specification, which cause the UL grant to be wasted. As evaluated in [3], the discarding rate of UL grants may ranges from 12.1% to 22.3% at different traffic loads. Therefore, solutions to reduce the discarding rate should be investigated. To solve this problem, two approaches may be considered.
1) Design DL reservation signal to protect the succeeding UL transmission with extreme short LBT
As shown in Figure 2, the special subframe in current specification can be considered as the switching subframe from DL to UL transmission burst. eNB may transmit reservation signal after DwPTS to protect the succeeding UL transmission, while UE may perform extreme short LBT, e.g., with 9us CCA interval, to detect hiden node.
If the UL channel is considered to be clear, which indicates no hiden nodes around the UE, then UL can be transmitted. If the UL channel is considered to be busy, which implies that there are hiden nodes, the UE will not transmit (fail to access the medium). Although it is effective for eNB to occupy the resources for UE, the fairness between LAA with such transmission and other RATs on unlicensed carriers, e.g., WIFI, needs to be considered. One possible solution to ensure fairness is to limit the total transmission time of DL and UL burst to the limitation in regulation for the transmission of a single transmission node.
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 Figure 2. DL transmission with reservation signal approach
2) 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 3. 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. Such multi-access opportunities scheduling should be carefully designed to well balance the collision possibility of multiple UEs and the possible wasted resources reserved for UE.
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Figure 3. Multiple medium access opportunities approach
Proposal 2: If UL channel access is designed, the issue of DCI resources waste caused by invalid UL grant if UL LBT needs to be considered. 
4. Discussion on UL multiplexing of multiple UEs 
During the SI, it is 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 easy. Specifically, if energy based UL LBT mechanism is considered, once a UE starts UL transmission, the other UEs scheduled to be transmission may think 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 may be considered.
1) UL multiplexing based on intra-cell associated LBT
If multiple UEs are configured with the same UL LBT parameters, which is 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 4 (a). 
Besides the requirements on LBT parameters coordination by multiple UEs, the UL transmission burst length of multiple UEs also needs 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 4 (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 too. To allow for such signal detection among UEs, signals may need to be introduced. 
Proposal 3: To support UL multiplexing of multiple UEs, the coordination of LBT parameters, scheduling parameters may be required, and UE to UE detection can also be considered is necessary .
5. Conclusions
In this contribution, we discuss on some issues related to UL channel access for LAA that may have impact on the downlink transmission design, and we propose:
Proposal 1: By balancing the impact of both self-carrier and cross-carrier scheduling for LAA Scell, it is recommended to consider UL cross-carrier scheduling on licensed carriers as baseline. If the UL self-carrier scheduling is to be supported, the problem of severely reduced channel access and scheduling opportunities needs to be solved.
Proposal 2: If UL channel access is designed, the issue of DCI resources waste caused by invalid UL grant if UL LBT needs to be considered. 
Proposal 3: To support UL multiplexing of multiple UEs, the coordination of LBT parameters, scheduling parameters may be required, and UE to UE detection can also be considered is necessary .
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The work item should only specify support for LAA SCells operating with only DL transmissions. 


When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.








