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1 Introduction
In RAN1 #84, the topic of uplink LBT for enhanced LAA [1] was discussed and a number of related agreements were reached. In particular, the following agreements were made.

1. Support UL LBT based on a Cat-4 channel access procedure.
2. Support UL LBT based on a CCA of at least 25s before the UL transmission burst.
3. FFS: Condition and restriction on when these options are used.
In RAN1 #84BIS, the following additional agreement was reached.

1. If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25s LBT to access the channel and perform UL transmission. 
	-  FFS the conditions, if any, on the usage of 25s LBT especially w.r.t. traffic class 
	-  FFS the […] part

In RAN2 #93BIS, the following agreement was reached, and subsequently an LS [6] was sent to RAN1 informing them of this agreement (among others).

1. Inform RAN1 that we have defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA. RAN1 asked to consider this in their work.

In this contribution, we provide our opinion on the following questions. Some of these views have also been expressed in our previous contribution [7].

1. When the UE performs single 25s LBT, what kind of data (traffic class) can be transmitted?
2. When the UE performs Cat-4, LBT, how does it choose the data that is to be transmitted?
3. When the UE performs Cat-4 LBT, how does it determine the duration of transmission?
2 Discussion
2.1 UL Transmission with Single 25s LBT 
We believe that the RAN2 decision to use existing LCP [5] for UL LAA implies that a MAC PDU for UL LAA is constructed without considering how it is transmitted (i.e., based on LCP). In particular, the MAC PDU content should not be determined after the choice of particular LBT mechanism is made (e.g., single 25s LBT or Cat-4 LBT). Of course, the UL LBT mechanism chosen can be dependent on the MAC PDU content (described in greater detail later in this contribution).
Observation 1: MAC PDU for UL LAA is constructed prior to determining the UL LBT mechanism used to gain channel access.
Based on the above observation, in the case when a single 25s LBT mechanism is used during the channel occupancy duration of a DL burst, there seems to be no need to change how data is multiplexed for the corresponding UL MAC PDU.
Proposal 1: When UE performs single 25s LBT (in the event the sum total duration of DL and UL is less than the obtained channel occupancy duration), then the content of the MAC PDU being transmitted is determined solely by LCP.
It is possible that the UL LAA transmission duration after a single 25ms LBT lasts for multiple subframes. In this case, a straightforward approach for MAC PDU construction is to apply the LCP rules on a per subframe basis.
Proposal 2: When UL LAA transmission after single 25s LBT spans multiple subframes, LCP rules are applied for each subframe.
2.2 UL Transmission with Cat-4 LBT 
In Release 13, for downlink LAA, four Channel Access Priority Classes have been defined [2]. There do not appear to be strong arguments for not following the same principle for uplink LAA as well. Accordingly, we propose the following.
Proposal 3: As baseline, uplink LAA will reuse the four Channel Access Priority Classes that are currently defined for downlink LAA.
In the RAN1 reflector discussion on UL LBT and traffic multiplexing, companies expressed a diversity of views on how the UE may choose the LBT priority class for uplink, e.g., the UE may use the LBT priority class used by the eNB in transmitting the UL grant (in downlink), or the UE may choose the LBT priority class without any restriction. In our opinion, it is important to clarify the basis for choosing uplink LBT priority class. We recall that the primary purpose of providing multiple LBT priority classes is to enable QoS differentiation. For example, in downlink LAA, LBT priority classes are mapped from QCI [3], ensuring that QoS sensitive traffic is transmitted with lower (i.e., more aggressive) LBT priority classes [4]. In IEEE 802.11 WLAN systems too, the access category (AC) is chosen based on the payload’s QoS requirements (e.g. by inspecting the DSCP field in the IP header or VLAN tag in Ethernet header). For these reasons we contend that the LBT priority class for uplink PUSCH transmissions should be primarily determined by the nature (i.e. QoS requirements) of the transmissions.
Proposal 4: The LBT priority class chosen for uplink transmission in unlicensed carriers should be determined by the QoS requirements of the data carried in the transmission.
A related question that needs to be addressed is who is responsible for determining the LBT priority class, the eNB or the UE? We observe that the eNB may not be fully able to predict the QoS class of the data that is eventually transmitted over unlicensed carrier. For example, current LCP rules do not always result in the most QoS sensitive data to be selected for transmission (In order to ensure fairness, the LCP mechanism prevents higher priority logical channels from exhausting every grant from the eNB based on PBR and BSD parameters). Also, the QoS sensitive data may have been sent over licensed carrier before LBT is successful, leaving relatively QoS tolerant data for transmission over unlicensed carrier. In these cases, the UE runs the risk of using a higher priority LBT class than what is warranted by the data being transmitted. If Proposals 4 is agreeable, then it seems natural to let the UE decide the uplink LBT priority class to ensure that the selected LBT priority class is consistent with the QoS requirements of the associated data. Note that this does not preclude the eNB from suggesting or even mandating the uplink LBT priority class to use.
Proposal 5: The UE is ultimately responsible for choosing the uplink LBT priority class.
In the sequel, we describe how the UE may determine the data that is to be transmitted over unlicensed PUSCH, and the associated LBT priority class to use, by separately considering single and multiple subframe transmissions.
2.2.1 Single Subframe Transmission
Suppose that the eNB does not signal any particular LBT value to use. Since the UE uses the existing LCP procedure to construct the MAC PDU, the resulting MAC PDU may contain data from different logical channels/DRBs, and the UE needs to figure out the appropriate LBT priority class to use. We can think of two possible mechanisms.
QCI based LBT priority class determination: In this scheme, we assume that there is a mapping from QCI to LBT priority class. Then a simple mechanism would be to pick the LBT priority class corresponding to the most QoS sensitive data. More precisely, let b1, …, bn be the DRBs represented in the MAC PDU. Let P1, …, Pn be the LBT priority class values corresponding to these DRBs, obtaining by mapping their respective QCI value to LBT priority class. Then, the LBT priority class P used by the UE for transmitting this particular MAC PDU is given by P = min(P1, …, Pn).
Logical channel priority based LBT priority class determination: In this scheme, instead of using QCI, the LBT class for each logical channel is mapped from the logical channel priority configured by the eNB. In other words, let P1, …, Pn be the LBT priority class values for the logical channels represented in the MAC PDU, obtaining by mapping their respective logical channel priority value to LBT priority class. Then, the LBT priority class P used by the UE for transmitting this particular MAC PDU is given by P = min(P1, …, Pn).
We note that the mapping from QCI/logical channel priority to LBT priority class can be provided in 3GPP specs (e.g., as in downlink LAA). Also, while the proposed LBT priority class determination scheme uses QCI/logical channel priority in a simple and straightforward manner, other schemes based on this kind of mapping are also possible.
The QCI for a DRB is signaled by NAS messaging and is not controlled by the eNB. On the other hand, the logical channel priority is configured for each logical channel directly by the eNB and can be reconfigured as per eNB policy.
Observation 2: Using logical channel priority as the criteria for determining uplink LBT class appears to provide more flexibility and control to the eNB.
On the other hand, logical channel priority of a logical channel (along with other link layer protocol configuration parameters) may itself be determined (in the eNB) by the QCI value of the associated DRB, so there may not be much difference in using either QCI or logical channel priority for mapping uplink LBT priority class.
Proposal 6: When the eNB does not signal an uplink LBT priority class value to use for single subframe PUSCH transmission, either the QCI or logical channel priority based LBT priority class determination scheme is used by the UE to determine the uplink LBT priority class.
Proposal 7: Assuming Proposal 6 is agreeable, RAN2 is requested to decide between QCI and logical channel priority based LBT priority class determination.
In the above discussion, we have assumed that the eNB does not specify the LBT priority class for each MAC PDU/transport block. We now consider the case when the eNB signals the LBT priority class, in some manner, either explicitly or implicitly. While the MAC PDU can be constructed as before using the legacy LCP procedure, (see also Observation 1), the UE’s choice of LBT priority class needs to be specified. Let PeNB be the uplink LBT priority class indicated by the eNB. Then the UE may behave in a number of ways. For example:
Option 1: Perform uplink LBT with indicated LBT priority (PeNB)
Option 2: Let PUE be the priority value determined using the QCI or logical channel priority based methods described above. Then the LBT priority value used is given by P = max(PeNB, PUE)
The rationale for Option 2 is to ensure that lower QoS traffic does not contend for channel access with unnecessarily aggressive LBT parameters.
Proposal 8: When the eNB indicates the uplink LBT priority value to use, further study is conducted to decide whether the UE uses the indicated LBT priority class or less aggressive LBT priority class depending on the nature of MAC PDU contents.
2.2.2 Multiple Subframe Transmission
We now consider the case when the UE performs Cat-4 uplink LBT to transmit data in (consecutive) multiple subframes. In this case, the choice of uplink LBT priority class and transmission duration are linked due to restrictions on maximum channel occupancy time (MCOT).

Observation 3: For multi-subframe transmissions using Cat-4 LBT, the choice of LBT class and transmission duration must satisfy restrictions on maximum channel occupancy time per LBT class.

Assuming that MCOT requirements are met, it seems reasonable to assume that Cat-4 LBT is only performed for the first subframe of a (consecutive) multi-subframe transmission. 

Proposal 9: Cat-4 LBT is performed only for the first subframe of a consecutive multi-subframe transmission over unlicensed PUSCH.

The eNB can indicate the LBT priority class value and the transmission duration to the UE either explicitly or implicitly. For example, the eNB may only indicate the LBT priority, and the UE may assume that the transmission duration is limited by the corresponding MCOT value. Alternately, the eNB may indicate the transmission duration, and the UE assumes the LBT priority class to use is the most aggressive LBT priority class whose MCOT is equal to or larger than the indicated transmission duration. It may be wise to defer taking any decision on this topic in RAN2 until RAN1 completes its deliberations.

Proposal 10: Further study is needed to decide how uplink LBT priority class and transmission duration are determined at the UE for multiple subframe PUSCH transmission on unlicensed carrier with Cat-4 LBT.

In any case, once the LBT value (P) and transmission duration (T) are signaled/determined at the UE, then it is possible to extend the LBT priority and MAC PDU construction ideas discussed for the single subframe case to the multiple sub-frame case.

Proposal 11: When Cat-4 LBT is employed, the UE determines uplink LBT priority for the first subframe, and constructs the MAC PDU using the same procedures as that for single subframe (for each subframe involved in the transmission).
3 Conclusions
In this contribution, we discussed some issues related to uplink LBT and traffic multiplexing. Our proposals and observations are summarized below.
Observation 1: MAC PDU for UL LAA is constructed prior to determining the UL LBT mechanism used to gain channel access.
Proposal 1: When UE performs single 25s LBT (in the event the sum total duration of DL and UL is less than the obtained channel occupancy duration), then the content of the MAC PDU being transmitted is determined solely by LCP.
Proposal 2: When UL LAA transmission after single 25s LBT spans multiple subframes, LCP rules are applied for each subframe.
Proposal 3: As baseline, uplink LAA will reuse the four Channel Access Priority Classes that are currently defined for downlink LAA.
Proposal 4: The LBT priority class chosen for uplink transmission in unlicensed carriers should be determined by the QoS requirements of the data carried in the transmission.
Proposal 5: The UE is ultimately responsible for choosing the uplink LBT priority class.
Observation 2: Using logical channel priority as the criteria for determining uplink LBT class appears to provide more flexibility and control to the eNB.
Proposal 6: When the eNB does not signal an uplink LBT priority class value to use for single subframe PUSCH transmission, either the QCI or logical channel priority based LBT priority class determination scheme is used by the UE to determine the uplink LBT priority class.
Proposal 7: Assuming Proposal 6 is agreeable, RAN2 is requested to decide between QCI and logical channel priority based LBT priority class determination.
Proposal 8: When the eNB indicates the uplink LBT priority value to use, RAN1 is requested to decide whether the UE uses the indicated LBT priority class or less aggressive LBT priority class depending on the nature of MAC PDU contents.
Observation 3: For multi-subframe transmissions using Cat-4 LBT, the choice of LBT class and transmission duration must satisfy restrictions on maximum channel occupancy time per LBT class.
Proposal 9: Cat-4 LBT is performed only for the first subframe of a consecutive multi-subframe transmission over unlicensed PUSCH.

Proposal 10: Further study is needed to decide how uplink LBT priority class and transmission duration are determined at the UE for multiple subframe PUSCH transmission on unlicensed carrier with Cat-4 LBT.

Proposal 11: When Cat-4 LBT is employed, the UE determines uplink LBT priority for the first subframe, and constructs the MAC PDU using the same procedures as that for single subframe (for each subframe involved in the transmission).
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