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1 Introduction
In RAN1#90[1], the following agreements were achieved.

RAN1#90 Agreement:
· Autonomous Uplink (AUL) in FeLAA shall always use Type 1 Channel access (Cat4 LBT) to acquire the channel outside of the eNodeB acquired COT
· For autonomous UL transmission based on CAT4 LBT, the channel access priority class is determined by the UE.
· The priority class of the CAT4 LBT shall follow LBT priority class to traffic type mapping defined for LAA Rel-13 [36.300 section 5.7.1]
· The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]
· The parameters of the CAT4 LBT shall be the same as those defined for Uplink Type 1 Channel access for eLAA [36.213, Table 15.2.1-1].
· UE CW update procedure is the same as defined for Uplink Type 1 Channel access for eLAA [36.213, Section 15.2.2], except for possible availability of explicit HARQ feedback
· FFS: UE CW update based on HARQ feedback
· Additionally, a common UE CW is maintained for scheduled UL and AUL
· FFS: AUL and SUL transmissions occurring back-to-back
In this paper we will further discuss about the multiplexing of UL data with autonomous uplink access on LAA SCell.

2 Multiplexing of AUL data
2.1 LBT priority class determination
According to the above RAN1 agreement, for autonomous UL transmission based on CAT4 LBT, the channel access priority class is determined by the UE. Since the traffic type is invisible to PHY, it is reasonable that MAC layer always needs to select the CAT4 LBT priority class before the AUL transmission. Then, based on the selected CAT4 LBT priority class, the MAC layer will construct a MAC PDU based on the multiplexing rules and submits both this selected CAT4 LBT priority class and the MAC PDU to lower layer. The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]
Furthermore RAN1 is discussing whether 25us LBT is supported as a part of a shared COT acquired by the eNB, i.e. the UE may switch the LBT type from CAT4 LBT to 25us LBT. If this is supported, some issues need to be discussed on multiplexing of data for AUL. For example if the UE receives a C-PDCCH, the UE can stop ongoing CAT4 LBT, and start with 25us LBT. From RAN2 perspective, when the UE receives a C-PDCCH, the question arises whether to generate a new MAC PDU if the selected channel access priority class by UE is different from that selected by the eNB. We believe that when the UE receive a C-PDCCH, it may not have enough time to generate a new MAC PDU. Therefore from MAC perspective, the MAC layers does not need to care about whether the LBT type is switched from CAT4 LBT to 25us LBT in PHY and always construct a MAC PDU based on a CAT4 LBT priority class selected by MAC layers.
Proposal 1: At least for the purpose of multiplexing of UL data, the MAC layers always selects a CAT4 LBT priority class before an AUL transmission.

Proposal 2: From RAN2 perspective, based on the selected CAT4 LBT priority class, the MAC layer constructs a MAC PDU and submits both this MAC PDU and the selected CAT4 LBT priority class to lower layers, regardless of whether LBT type is switched from CAT4 LBT to 25us LBT in PHY if supported.
2.2 Multiplexing rules
In Rel-14 eLAA, we have agreed that for uplink PUSCH transmission, there is no additional restriction at the UE other than the multiplexing rules on the type of the traffic that can be carried in the scheduled subframes. One example is shown as in Figure 1. There are three LCHs and the priority order is LCH1>LCH2>LCH3. Meanwhile the PBR for each LCH is 50 bytes.
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Figure 1
In FeLAA, based on the RAN1 agreement, “The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]. In 36.300 for Rel-13 LAA, the multiplexing of DL data is described as below and this multiplexing rule is also applicable to AUL as illustrated in Figure 2.

	5.7.2
Multiplexing of data

Four Channel Access Priority Classes are defined in [6]. If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using Channel Access Priority Class P (1...4), E-UTRAN shall ensure the following where a DL transmission burst refers to the continuous transmission by E-UTRAN after a successful LBT:

-
the transmission duration of the DL transmission burst shall not exceed the minimum duration needed to transmit all available buffered traffic corresponding to Channel Access Priority Class(es) ≤ P;

-
the transmission duration of the DL transmission burst shall not exceed the Maximum Channel Occupancy Time (
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 as defined in Table 15.1.1-1 of [6]) for Channel Access Priority Class P;

-
additional traffic corresponding to Channel Access Priority Class(s) > P may only be included in the DL transmission burst once no more data corresponding to Channel Access Priority Class ≤ P is available for transmission. In such cases, E-UTRAN should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic.
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Figure 2
There is some difference between the multiplexing rule used in Rel-14 LAA and that utilized in Rel-13 LAA. As analyzed, in Rel-14, when performing data multiplexing, all LCHs configured with laa-UL-allowed are considered and legacy three-step LCP procedures are applied. However, in Rel-13, there is some restriction on the type of the traffic that can be carried in the scheduled subframes, i.e., additional traffic corresponding to Channel Access Priority Class(s) > P may only be included once no more data corresponding to Channel Access Priority Class ≤ P is available for transmission.

One solution to be aligned with Rel-14 LAA multiplexing rule is to always require UE to select the highest channel access priority class to obtain the channel. However this is not good for time sensitive service since in this case the UE has more possibility to select a longer back off value which brings longer latency on LBT.
Observation 1: The current LCP procedure is not applicable to AUL based on RAN1 agreement.

In addition, it seems only data with QCI corresponding to channel Access Priority Class is considered in Rel-13 multiplexing rule. There is no defined QCI for MAC CEs, e.g. BSR/PHR. However in RAN2#99, we already agreed that MAC CEs can be sent on AUL resource. Since the BSR/PHR is used to assist scheduling and is time sensitive, the priority order for MAC CE except for padding BSR should have higher priority than the data with QCI corresponding to the channel Access Priority Class. Hence we propose
Proposal 3: The UE shall take into account the following relative priority order in decreasing order on multiplexing of UL data for AUL transmission:

· MAC control elements for BSR;

· MAC control elements for PHR, Extended PHR, or Dual Connectivity PHR;

· Data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class ≤ P;

· Data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class > P;
· MAC CE control elements included for padding.
For the detailed multiplexing procedure, the data except for MAC CE to be sent on AUL resource has been divided into two group. Group 1 is the logical channels configured with laa-UL-allowed and corresponding Channel Access Priority Class ≤ P while Group 2 is the logical channels configured with laa-UL-allowed and corresponding Channel Access Priority Class > P. For each Group, to avoid starvation of some logical channels, the UE needs to perform independent LCP procedures to satisfy the PBR of logical channels within the Group firstly and if there is remaining resource, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Since logical channels with priority class ≤ P should be served before those with priority class > P, LCP procedure is firstly performed for logical channels within Group 1 and then for logical channels within Group 2. After the LCP for each group, the UE assembles the corresponding data from each group within a MAC PDU.
Proposal 4: independent LCP procedures are performed for both data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class ≤ P and data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class > P.
3 Conclusion

This contribution discusses multiplexing of data on autonomous uplink access from the perspective of RAN2 and suggests:

Observation 1: The current LCP procedure is not applicable to AUL.
Proposal 1: At least for the purpose of multiplexing of UL data, the MAC layers always selects a CAT4 LBT priority class before an AUL transmission.

Proposal 2: From RAN2 perspective, based on the selected CAT4 LBT priority class, the MAC layer constructs a MAC PDU and submits both this MAC PDU and the selected CAT4 LBT priority class to lower layers, regardless of whether LBT type is switched from CAT4 LBT to 25us LBT in PHY if supported.
Proposal 3: The UE shall take into account the following relative priority order in decreasing order on multiplexing of UL data for AUL transmission:

· MAC control elements for BSR;

· MAC control elements for PHR, Extended PHR, or Dual Connectivity PHR;

· Data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class ≤ P;

· Data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class > P;
· MAC CE control elements included for padding.
· Proposal 4: independent LCP procedures are performed for both data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class ≤ P and data from the logical channels configured with laa-UL-allowed and Channel Access Priority Class > P.
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