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1      Introduction
RAN 1 have the following agreements on UL LBT:
•        Support UL LBT based on a Cat-4 channel access procedure.

•        Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.

•        FFS: Condition and restriction on when these options are used

In this contribution, it is discussed how the UE selects which CAT 4 LBT priority class should be used if Cat-4 LBT channel access procedure is applied.
2      Discussion
2.1     CAT-4 channel access procedure for UL transmission

According to Release 13 LAA design [1,2], a transmission burst is led by DL subframes, which may be followed by UL subframes within MCOT limit. In general, UL PUSCH transmission can be present within or outside MCOT as shown below:
· UL transmission within MCOT: In this case, transmission of UL subframes are within the transmission burst limited by the MCOT led by possibly one or more DL subframes. Before the transmission of the DL subframes, the eNB shall perform Cat-4 LBT. LAA SCell UL subframes are scheduled via UL grant sent by self-scheduling or cross-carrier scheduling. There are 2 possible scenarios where UL transmission within MCOT could occur: 

(1) eNB schedules UE within the same MCOT with four subframe latency between UL grant and corresponding PUSCH transmission.
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(2) eNB schedules UE for the next MCOT via cross-burst scheduling without fixed timing relationship between UL grant and PUSCH transmission. eNB indicates the start of the next MCOT via CPDCCH after performing Cat 4 LBT.  
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· UL transmission outside MCOT: In this case, transmission of UL subframes occurs outside of the eNB initiated transmission burst. UL subframe may not be followed from DL subframe. Example scenarios for this situation include: 

(1) eNB schedules UE for the next MCOT via cross-burst scheduling with fixed timing relationship between UL grant and PUSCH transmission.
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(2) eNB schedules UE via cross-carrier scheduling by transmitting UL grant on the PCell without performing LBT at the eNB. 

[image: image4.emf]DL DL DL DL DL DL DL DL

UL UL UL UL UL UL

UE 

performs

LBT

No LBT before

UL 

grant

MCOT

DL DL DL DL DL DL DL DL

Transmissions on 

Pcell

Transmissions on 

LAA Scell

UL UL UL UL UL UL

UE 

performs

LBT

MCOT

No LBT before

UL 

grant


For the case UL transmission within MCOT, the eNB has already performed a CAT-4 LBT at the start of the MCOT. Hence there is no need for UEs to perform CAT-4 LBT before the transmission of the UL subframes. The UE may perform either no LBT (if the DL-UL switch occurs less than 16us) or one-shot 25us LBT is probably sufficient in this case.

For the case UL transmission outside MCOT, since the eNB has not performed a CAT-4 LBT at the start of the UL transmission, the UE will have to perform CAT-4 LBT before the transmission of the UL subframes. 

Observation: UE needs to perform CAT-4 LBT before the transmission of a UL subframes for cases outside MCOT

The question then is how the UE selects CAT-4 priority class to use if an UL transmission requires performing CAT-4 LBT access channel procedure in L1.

2.2     How the UE selects the CAT-4 priority class
There are generally 2 approaches in which the CAT-4 priority class to be used by the UE for CAT-4 LBT channel access procedure:

Approach 1: UE autonomously decides the CAT-4 priority class to use if CAT-4 channel access procedure is to be performed for a UL transmission
In this approach, eNB provides semi-static mapping between the LBT priority class and logical channel priority when configuring a SRB/DRB during RRC configuration. A fix mapping for MAC CEs (i.e. BSR and PHR) can also be specified (e.g. a regular BSR and PHR can have CAT-4 Priority 1 LBT etc.). When the UE receives UL grants in a MCOT and CAT-4 LBT channel access procedure is to be performed, UE selects the CAT-4 LBT priority class based on e.g. the lowest traffic QoS  of the logical channels that have UL data to transmit and also meet the MCOT/UL schedule for the UE. A way to implement this is to perform the rules as follow:
A = MAX (priority class numbers of the available traffic in the buffer), e.g., if only UL traffic QCI=1, then A=1. If UL traffic has both QCI=1 and 4, then A=3.
B = MIN (priority class numbers whose MCOT is greater than or equal to the scheduled UL length by grant), e.g., if 4 subframes are scheduled then B=3

Priority Class selected = MIN (A, B)
Example 1, the UE receives a UL schedule of 2 subframes in a TX burst and the only logical channel that has data available to transmit has QCI of 1 which implies UE should perform Priority Class 1 for CAT-4 LBT (since A=1 and B=1) if CAT 4 channel access procedure is performed for the UL transmission.

Example 2, the UE receives a UL schedule of 4 subframes in a TX burst and the logical channels that have data available to transmit has QCI of 1 and 4. Using the above rule (A=3, B=3), the UE will have to use the priority class 3
It would require the UE MAC to provide the UE L1 with the possible CAT-4 priority classes associated with the logical channels that have UL data available to send so that UE L1 channel access procedure can pick CAT-4 LBT priority class based on the above rules. 

UE can use the BSR (via LCG ID) to convey the logical channels that have data available to transmit and the eNB can use this information to decide on the MCOT size (i.e. the number of UL schedules)

Approach 2: eNB decides the CAT-4 priority class to use if CAT-4 channel access procedure is to be performed for a UL transmission
In this approach, the eNB knows via BSR on the radio bearers or logical channels of the available UL data transmission (e.g. LCG ID or other identifier of the logical channels with data available for UL transmissions) and assign the CAT-4 LBT priority class when providing the UL schedule (multiple subframes scheduling) in the PDCCH-DCI when allocating the UL grant. The CAT-4 LBT priority class selected by the eNB will be based on the QCIs of the radio bearers/logical channels mapped to the LCG ID (e.g. pick the highest value priority class related to the logical channels in the LCGID). Upon receiving the PDCCH DCI, the UE will use the LBT Type indicated and CAT-4 priority class (if CAT-4 LBT) for the CAT 4 LBT channel access procedure.
For Approach 1, it requires less signaling in the PDCCH DCI and leaves it to the UE to select the best priority class to use based on the QCI/priority class of the logical channel with UL data available to transmit and length of UL schedule assigned to the UE. Some rules (e.g. selects the CAT-4 LBT priority class with the highest traffic QoS (i.e. the lowest QCI value) of the logical channels that have UL data to transmit and also meet the MCOT/UL schedule allocated to the UE etc.) can be formulated to ensure that UL schedule is utilized fully and hence may have higher specification impact.
For Approach 2, it requires more signaling in the PDCCH DCI to signal the priority class to use and left to eNB implementation on the CAT4 priority class to use, hence less specification impact. On the other hand, this approach may impact logical channel prioritization procedure, which in the last RAN 2 meeting, RAN 2 inform RAN1 that we have defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA. With this approach, however, the LCP may have to take into consideration the priority class and only multiplex the logical channels with data available to transmit that meet the priority class. Hence, it may not align with what RAN 2 has agreed in the last meeting.
Based on the above analysis, it is proposed:

Proposal 1: Approach 1 should be adopted (i.e. UE autonomously decides the CAT-4 priority class to use if CAT-4 channel access procedure is to be performed for a UL transmission). UE MAC should provide UE L1 with the priority classes of logical channels with data available to transmit so that UE L1 can pick a priority class that also satisfy the MCOT/UL schedule 
Proposal#2: UE is configured with semi-static mapping between the LBT priority class and logical channel priority associated with a SRB/DRB when being configured with the SRB/DRB during RRC configuration. A fix mapping for MAC CEs (i.e. BSR and PHR) can also be specified (e.g. a regular BSR and PHR can have CAT-4 Priority 1 LBT etc.).
3      Conclusion
In this contribution, we discuss how the UE knows the CAT-4 LBT priority class of a UL transmission, and has the following observation and proposal:
Observation: UE needs to perform CAT-4 LBT before the transmission of a UL subframes for cases outside MCOT
Proposal 1: Approach 1 should be adopted (i.e. UE autonomously decides the CAT-4 priority class to use if CAT-4 channel access procedure is to be performed for a UL transmission). UE MAC should provide UE L1 with the priority classes of logical channels with data available to transmit so that UE L1 can pick a priority class that also satisfy the MCOT/UL schedule 
Proposal#2: UE is configured with semi-static mapping between the LBT priority class and logical channel priority associated with a SRB/DRB when being configured with the SRB/DRB during RRC configuration. A fix mapping for MAC CEs (i.e. BSR and PHR) can also be specified (e.g. a regular BSR and PHR can have CAT-4 Priority 1 LBT etc.).
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