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1 Introduction
During RAN2#98, the discussion on LCP for NR reached the following agreements: 
Agreements:

Logical Channel Priority is configured per MAC entity per logical channel 

PBR is not configured per numerology, it is per “logical channel” as in LTE 

Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  

FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified. 
As proposed in the running CR of TS 38.321, a parameter NR-UNIT is used as the time scale for the accumulation of Bj during LCP (as shown in the Appendix). 

Nevertheless, it currently remains unclear about the specific calculation of Bj and the application of NR-UNIT (as proposed in the running CR of TS38.321), and thus more discussion is clearly needed. This paper, therefore, discusses these issues and provides related solutions accordingly. 
2 Discussion
In LTE, UE needs maintain token for each logical channel. As specified in TS 36.321, Bj shall be initialized to zero when the related logical channel is established and incremented by the product PBR × TTI duration for each logical channel.

Following the traditional Bj calculation, for Bj accumulation of logical channel j, if 1ms legacy TTI length is applied, the Bj can be incremented only at the subframe boundary. While for 0.2ms short TTI, the Bj can be incremented at each short TTI boundary. 
In NR, the TTI duration is not a unified value for the supported numerologies for a logical channel. So, the traditional Bj calculation can not be simply adopted, since following the traditional Bj calculation will enable more accumulation opportunities for shorter TTI length. For example, if the Bj of logical channel j is negative since last time it was scheduled, it may have more chances to increase its Bj for shorter TTI length. That means there are more scheduling opportunities for a logical channel associated with the numerology with shorter TTI length. 
The TTI duration in the LTE Bj calculation actually represents the elapsed time for a particular LCP procedure. In order to maintain the same calculation of Bj as in LTE, we can replace the TTI duration with Time_elapsed. Time_elapsed expresses the time lasting from the previous scheduling opportunity to current time point. 
Bj = Bj + PBR × Time_ elapsed
As discussed in RAN1, NR uses the term “slot” to represent the smallest scheduling interval for each physical layer transmission. The current assumption of the length of NR “slot” is 14 OFDM symbols and there is still discussions in RAN1 on the support of shorter “slot” (e.g. with 7 OFDM symbols). The assumed NR “slot” is equal to 1 ms duration (i.e. the traditional LTE TTI duration) when the corresponding sub-carrier space is 15kHz. The assumed NR “slot” will be scaled down by the width of sub-carrier space when the corresponding sub-carrier space is larger than15kHz (e.g. 30kHz, 60kHz, 120kHz). As such, the smallest NR “slot” may be less than 0.1 ms. 
It has been agreed that Bj is calculated per logical channel rather than per numerology/TTI duration (e.g. NR “slot”). It is up to UE implementation to ensure that Bj is updated at the right time. Because each logical channel can be mapped to multiple numerologies and TTIs, the UE selects or updates Bj on its own decision.
However, it is still needed to indicate what the right time is for UE to update Bj in order to guarantee the schedule opportunity for each logical channel. In case Bj is accumulated by long TTI but consumed by actual TTI duration (short TTI), this may result in its consumption faster than its accumulation during the long TTI duration. If Bj is negative since it’s scheduled at last time, this logical channel can’t be scheduled for several times of actual TTI duration. Therefore we propose that UE may apply the proper TTI duration considering the scheduling opportunities for specific logical channel, especially for the high prioritized logical channel.

Observation 1: In order to accumulate Bj at a right time, the UE should apply a proper TTI duration for Bj accumulation, by considering the scheduling opportunities for a specific logical channel.

For the accumulation of Bj within the UE, there are multiple options to define the Time_ elapsed as mentioned above: 

Option 1: The Bj can be incremented by one NR “slot” (e.g. can be expressed by NR-UNIT, which should be cell specific). Bj = Bj + PBR ×NR-UNIT. Here, NR-UNIT can be defined as the smallest scheduling internal (i.e. the NR “slot” corresponding to the sub-carrier space of 120kHz).

Option 2: The Bj can be incremented by multiple NR “slot” (e.g. can be expressed by K*NR-UNIT). The value of K can be UE specific. Bj = Bj + PBR ×K×NR-UNIT.

Option 3: The accumulation of Bj is UE implementation (i.e. the Time_elapsed is completely decided by the UE itself). Then there is no need to specify the calculation of Bj in the specification but the PBR needs to be enforced. 

Then, it is proposed that RAN2 needs to decide the accumulation of Bj according to the options as discussed above. 
Proposal 1:  RAN2 is suggested to decide how to accumulate Bj according to the options below:
Option 1: The Bj can be incremented by one NR “slot”
Option 2: The Bj can be incremented by multiple NR “slot”
Option 3: When to accumulate Bj is left to UE implementation.

The parameter NR-UNIT (i.e. the minimum possible time scale for Bj accumulation) can be independently configured for each MAC entity. The current assumption is that each MAC entity corresponds to different cells, so that different cells may be configured with different values of NR-UNIT. In practice, the high frequency cell may be configured with wide sub-carrier space and accordingly a bit smaller scheduling internal can be supported. 
As a result, the particular value of NR-UNIT can be configurable by the network to the UE, in order to avoid the UE uses an inappropriate time scale for Bj accumulation. 
Proposal 2:  The value of NR-UNIT should be configurable by the network to the UE for Bj accumulation during logical channel prioritization. 
3 Conclusion and Proposals
Observation 1: In order to accumulate Bj at a right time, the UE should apply a proper TTI duration for Bj accumulation, by considering the scheduling opportunities for a specific logical channel.
Proposal 1:  RAN2 is suggested to decide how to accumulate Bj according to the options below:

Option 1: The Bj can be incremented by one NR “slot”
Option 2: The Bj can be incremented by multiple NR “slot”
Option 3: When to accumulate Bj is left to UE implementation.
Proposal 2:  The value of NR-UNIT should be configurable by the network to the UE for Bj accumulation during logical channel prioritization.
4 Annex: 5.4.3.1 Logical channel prioritization in the running CR of TS38.321
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-
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).
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 × NR-UNIT for each NR-UNIT, 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.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.

The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels in the following steps:
-
Step 1: Relevant logical channels for the UL grant 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);
Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant'.

-
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 relevant 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.
Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology, packet duplication, etc.).
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