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Discussion and Decision
1      Introduction
RAN 1#85[1] have the following agreements on CAT-4 UL LBT:
Agreement:
· When the UE performs Cat. 4 LBT, it uses the priority class signaled by the eNB 

· There is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes.

· eNB shall not schedule the UE more subframes than what is needed to transmit all the traffic corresponding to the same LBT priority class or lower (i.e., with a lower number in the LBT priority class table) than the signaled LBT priority class based on the latest BSR and received UL traffic from the UE.

· The eNB is responsible for making sure that the mapping between QCI and LBT priority class is consistent with section 5.7.1 in TS 36.300.

· The eNB is expected to take the QCI with the lowest priority in the logical channel group into account when defining the LBT priority class for a logical channel group

With this agreement, the eNB is responsible for deciding on the priority class of a UL schedule for a UE based on the buffer status of the LCG in the BSR reported by the UE.
In this contribution, we analyze whether there will be cases where the LCP conflicts with the priority class signaled by the eNB (e.g. UE receives an unlicensed UL grant for a priority class but results in only sending UL traffic of higher priority class than the priority class received using the unlicensed UL grant etc.). 
2      Discussion
As per the agreement above, the eNB schedules the UE with the number of UL subframes and signals the corresponding priority class based on the latest BSR and the received UL traffic from the UE. The 2 criteria that the eNB has to adhere to on the number of UL subframes to schedule and the associated priority class are as follow: 
· The number of UL subframes scheduled by the eNB for a UE should not be more than is needed to transmit all the traffic corresponding to the signalled priority class or lower. 

· The priority class signaled in the UL grant is based on the QCI with the lowest priority in LCG in which the UL grant is for

It is unclear whether the above criteria need also to be strictly followed by the UE. If the UE can follow closely the criteria set for the eNB for setting the priority class at the logical channel prioritisation, the usage of the allocated UL resources can be optimized. On the other hand, if they do, there may be cases where UL traffic from the UE corresponding to higher priority class than signalled priority class may be sent on the UL subframes intended for the signalled priority class or traffic from other LCG may be sent in the UL grant intended for other LCGs. 
The Logical Channel Prioritisation procedure (LCP) at MAC handles the multiplexing of the traffic from different logical channel based on priority of the logical channel. In Carrier Aggregation case, the UE will again serve in descending priority order but can either jointly process the UL grants or process the UL grant independently on UL grants intended for a TTI. The order in which the UL grant is process is left to the UE implementation. Furthermore, in order not to stall the lower priority traffic from getting some UL resources for transmission, the LCP operates a bucket token mechanism which prevents the high priority traffic from hoarding the channel.
The following examples shows the cases where conflicts may occur between eNB scheduling of UL grant and the LCP:
1) Multiple UL grants available in a TTI: when the UE receives both UL grants for licensed and unlicensed serving cell in the same TTI, RAN2 agreed that the order in which the UE processes the UL grants are left to UE implementation. In such case, depending on the logical channel priority of the logical channel with data available and the bucket size restriction of each logical channel, it is possible that the UL traffic from LCG with priority class higher than the signalled priority class may be transmitted in the UL subframes corresponding to the signalled priority class. For example:

Example A: Licensed UL grant = 500 bytes, Unlicensed UL grant = 250 bytes per SF and the number of SF=2 and priority class = 1
LCG#1 (priority class 1) = 500 bytes and LCG#2 (priority class 2) = 500
LCG#1 is sent on Licensed UL grant by the UE while LCG#2 with priority class 2 is sent on Unlicensed UL grant which is intended for LCG#1

Example B: Licensed UL grant = 500 bytes, Unlicensed UL grant = 250 bytes per SF and the number of SF=2 and priority class = 1

LC#1 in LCG#1 (priority class 1) = 500 bytes with bucket size = 250 bytes

LC#2 in LCG#2 (priority class 2) = 500 bytes with bucket size = infinity

UE sends 250 bytes of LC#1 on the unlicensed UL grant but will also be sending another 250 bytes of LC#2 as well on the unlicensed UL grant 

2) Single UL grant available in a TTI: The DCI for the UL schedule does not indicate for which LCG an UL grant is for. If the eNB allocates UL resources for a LCG with a priority class X, the UE may send UL traffic of a LCG with a priority class Y (where Y > X) due to bucket size restriction on the UL traffic in the LCG with a priority class X. For example:

Example C: Unlicensed UL grant = 250 bytes per SF and the number of SF=2 and priority class = 1

LC#1 in LCG#1 (priority class 1) = 500 bytes with bucket size = 250 bytes

LC#2 in LCG#2 (priority class 2) = 500 bytes with bucket size = infinity

UE sends 250 bytes of LC#1 on the unlicensed UL grant but will also be sending another 250 bytes of LC#2 as well on the unlicensed UL grant 

From the above examples, it can be observed that the UE may send UL traffic of priority class higher than the signaled priority class due to UE not knowing which LCG the UL grant is intended for by the eNB and eNB not knowing the exact traffic of each logical channel and the bucket size restriction. 

In the case of Example A in Case 1, by fixing the order of how the UE uses the UL grants from licensed and unlicensed serving cell does not solve the problem. If UE is to use unlicensed UL grant before licensed UL grant, it may solve the problem in Example A. But if the unlicensed UL grant is in fact for priority class = 2 in Example A and not for priority class =1, the UL traffic from LCG#1 may instead be sent on the unlicensed UL grant which may not be the intention of eNB scheduler. 

One way to resolve the issue is that the eNB indicate the priority class for each LCG during RRC configuration. With the priority class information, the UE can decide on the order to use the UL grants from the licensed and the unlicensed serving cells. For Example A, the UE will know which LCG should use the UL grant from unlicensed serving cell and thus avoid the conflict. How the priority class information can be used to reduce conflict between the UE and eNB scheduling can be left to UE implementation.
As on the examples related to the bucket size limitation issue, the problem can also be reduced if the UE knows the priority class information for each LCP. Alternatively, it can be specified that the UE does not follow the bucket size limitation of a logical channel when it comes to generating the TBS for unlicensed UL grant. 
Even though RAN 1 have agreed that there is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes, it is beneficial for the UE to reduce the conflict in order to optimize on the allocated UL resource usage.
Based on the above analysis, it is proposed:

Proposal#1: The priority class for each of the LCG is provided in the RRC dedicated signaling 

Proposal#2: RAN 2 to discuss whether the UE should follow the bucket size limitation of a logical channel when it comes to generating the TBS for unlicensed UL grant.

The text proposal for TS36.321 is shown in Annex.
3      Conclusion
In this contribution, we analyze whether there will be cases where UE will be sending UL traffic on an unlicensed UL grant that results in only sending UL traffic of higher priority class, and has the following proposals:
Proposal#1: The priority class for each of the LCG is provided in the RRC dedicated signaling 

Proposal#2: RAN 2 to discuss whether the UE should follow the bucket size limitation of a logical channel when it comes to generating the TBS for unlicensed UL grant.
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5      Annex (changes highlighted yellow on top of the running CR)
5.4.3.1
Logical channel prioritization
The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD) , and optionally laa-Allowed which indicate whether transmissions from this logical channel is allowed on serving cells operating according to Frame Structure 3. For NB-IoT, prioritisedBitRate, bucketSizeDuration and the corresponding steps of the Logical Channel Prioritisation procedure (i.e., Step 1 and Step 2 below) are not applicable. For allocating of resources to lgical channels on serving cells operating according to Frame Structure 3, the prioritisedBitRate is considered infinity regardless of the value configured.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The MAC entity shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, 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. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data.

-
if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted).
-  for transmissions on serving cells operating according to Frame Structure 3 [7], the MAC entity shall only consider logical channels for which laa-Allowed has been configured.
The MAC entity shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.

NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed. For transmissions on serving cells operating according to Frame Structure 3 [7], the MAC enity may take LBT priority class configured for each LCG and the LBT priority class indicated from lower layers for a grant to decide which logical channel should use the grant.
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