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1   Introduction
In NR AH meeting, the following agreements have been achieved [1]: 
Agreements
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]1.	A single LCH can be mapped to one or more numerology/TTI duration. 
2.  LCP takes into account the mapping of LCH to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase
In LTE, token bucket size Bj of a certain LCH j during LCP is incremented by the amount PBR × TTI duration for each TTI, which is fixed as 1ms. However in NR, TTI duration is not a fixed unit for a LCH. In this contribution, we analyze the details of parameters of token bucket algorithm and the issue on token accumulation.
2   Discussion
[bookmark: _GoBack]2.1 Motivation
In LTE, there is only a single TTI duration (i.e., 1ms). However, in NR, it has been agreed that a LCH can be mapped to multiple numerologies and TTIs. It is possible that the TTI, according to which the Bj is consumed, and the time scale, according to which Bj is accumulated, are different. If the TTI of LCH j is shorter than the time scale used for Bj accumulation, this may result in the inconsistence between Bj consumption and Bj accumulation. The time scale for the consumption is shorter than the accumulation so that the Bj cannot be timely replenished. This will influence the scheduling outcome of the LCH in LCP.
This issue is further illustrated in Figure 1. We assume the actual TTI length is 0.2ms, while the time scale for the Bj accumulation is 1ms, same as LTE. The initial Bj is 30, and it is decreased by total size of this logical channel with 20 and 30 respectively in the first and second scheduling opportunity. However, after the second scheduling, Bj2 becomes less than zero. Because the time scale for increment of Bj is 1ms, Bj cannot be increased at this moment and the LCH cannot be scheduled in the first round of LCP for the subsequent scheduling opportunities, until 1.0 ms. 
Therefore, if the TTI duration is shorter than the time scale for Bj accumulation, the LCP algorithm in LTE will not work well, because some logical channels may lose some transmission opportunities. The motivation of this paper is to discuss this issue and give some possible solutions for Bj accumulation in NR. 


[bookmark: _Ref481673929]Figure 1: Example for LCP with short TTI in NR
2.2 Parameters of token bucket algorithm
In LTE, the parameters of token Bucket Algorithm for LCP in MAC include:
· Prioritized bit rate (PBR): Indicates how many bytes are incremented to the bucket at each TTI. As the token rate which is designed to be a long term priority bit rate to guarantee the QoS requirement rather than a strict guaranteed rate per TTI.
· Bucket size duration (BSD): Indicates that the maximum number of bytes that can be accumulated for a LCH. The bucket size of a LCH is equal to PBR × BSD, where PBR and BSD are configured by upper layers per LCH.
· Token size (Bj): Indicates the right to transmit the number of bytes for a certain LCH j. When UE received UL grant, it is allowed to transmit data based on the accumulated number of tokens in the bucket and shall decrement the number of tokens from total size of this LCH. 
In NR, a single LCH can be mapped to multiple numerology/TTI duration. Either for the semi-static mapping or dynamic mapping between a logical channel and numerology/TTI duration, the basic LCP mechanism may not need to be changed. Therefore, token bucket algorithm parameters can be reused, while slight enhancement needs to be investigated in view of the new definition of TTI in NR.
Proposal 1: Token bucket algorithm for LCP reuses the legacy parameters (i.e. PBR, BSD, Bj) based on LTE design.
2.3 Token accumulation for LCP
In LTE, UE shall maintain token for each LCH. As specified in 36.321, Bj shall be initialized to zero when the related LCH is established and incremented by the product PBR × TTI duration for each LCH. However, the value of Bj should never exceed the maximum bucket size PBR × BSD, and if the value of Bj is larger than the maximum bucket size of LCH j, it shall be set to the maximum bucket size [2].
However, in NR, TTI duration is not a unified value for all the supported TTIs for a LCH, a UE, or all the UEs within a cell. There are two alternatives for token accumulation:
· Option 1: Bj is accumulated based on the time scale which is fixed in the spec for all LCHs of all UEs. The value should be selected to e.g. the shortest TTI length or another short fixed value.
· Option 2: Bj is accumulated based on the time scale broadcast in a cell for all LCHs of all UEs in the cell. the selected time scale should be no larger than any possible TTI durations used in a cell, e.g. the shortest TTI used in the cell.
· Option 3: Bj is accumulated according to a configurable time scale per LCH (e.g. the shortest TTI length/numerology associated with the LCH), where the time scale should be no larger than any possible TTI durations configured for the LCH.
Option 1 is the simplest way with using a fixed or pre-defined time scale for all the LCHs. The fixed time interval can be pre-defined in specifications. This option is flexible but requires more processing for a certain LCHs which are scheduled with grants with a long TTI. The Bj may be updated too frequently for this LCH due to the short fixed time scale for Bj accumulation. For option 2, the network can select a value corresponding to the shortest TTI length used in a cell, which somehow alleviates the over-processing issue. For option 3, each LCH can be (re)-configured with a time scale for Bj accumulation according to the the associated TTI length/numerology, but it requires more configuration signaling. 
Based on the above observations, we make the following proposal:
Proposal 2: RAN2 should consider the following options for token (Bj) accumulation:
· Option 1: Bj is accumulated based on a time scale which is fixed in the spec.
· Option 2: Bj is accumulated based on the time scale (e.g. the shortest TTI used in the cell) which is broadcast in a cell for all UEs in the cell.
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Option 3: Bj is accumulated according to a configurable time scale per LCH (e.g., the shortest TTI length/numerology associated with the LCH).
3   Proposals
In this document, we analysed the parameters of token bucket algorithm and compared three options of token (Bj) accumulation. The following proposals are made:
Proposal 1: Token bucket algorithm for LCP reuses the legacy parameters (i.e. PBR, BSD, Bj) based on LTE design.
Proposal 2: RAN2 should consider the following options for token (Bj) accumulation:
· Option 1: Bj is accumulated based on a time scale which is fixed in the spec.
· Option 2: Bj is accumulated based on the time scale (e.g. the shortest TTI used in the cell) which is broadcast in a cell for all UEs in the cell.
· Option 3: Bj is accumulated according to a configurable time scale per LCH (e.g., the shortest TTI length/numerology associated with the LCH).
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