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1. Introduction

In the current UL Logical Channel Prioritization procedure in section 5.4.3.1 of [1], the “guideline approach” limits the ability to accurately specify how the PBR is measured. When we do not see a problem, some companies showed interest in more accurate UE behaviour in terms of satisfying PBR specified in the standard.
We discuss what are the alternatives.

2. Discussion
The current UL Logical Channel Prioritization procedure says “All the logical channels are allocated resources in a decreasing priority order up to a value such that on average, the served data rate for radio bearers that have data for transmission equals the configured PBR for the radio bearer.” The key term is “on average”. The term was chosen to allow flexibility in UE implementation. For example, this does not require the UE to enforce the PBR as a per grant basis but rather enforcing PBR in the long run. This flexibility allows the UE to minimize segmentation of packets.
We believe this approach is fine as it is in UE’s interest as well to provide reasonable QoS to the logical channels. However, some companies expressed interest in improving the procedures so that PBR is better defined.

Proposal 1: Do not change the current Logical Channel Prioritization text regarding PBR.

We look at two schemes here.
2.1. Scheme 1
A simple scheme is for each logical channel, count the number of bits served since the beginning of the call. The advantage of this scheme is simplicity. However, the drawback is during congestion, data is not served to a logical channel and when the congestion is gone, the UE will try to make up the lost opportunity by serving the high priority logical channels and starve the lower priority ones, which could last a long time, especially if the congestion period was long.

Similarly, if data is not generated for a long time for a logical channel, when data is generated, the UE will try to make up for the lost opportunity by serving the logical channel for a long time and starving the lower priority ones.

One can argue that PBR is PBR, any lost transmission opportunity should be recaptured by the bearer to be fair. However, as shown above, starvation can happen, which defeats the whole purpose of PBR.

2.2. Scheme 2

This scheme uses token buckets (one bucket per logical channel), where tokens are accumulated at a rate of PBR regardless of data arrival pattern and radio channel condition. When data is served, the corresponding amount of tokens are removed from the bucket. When the bucket is emptied (or became negative), the logical channel has to wait till the bucket becomes positive to be able to transmit data again. Further, RRC can configure the bucket size, which means tokens are allowed to be accumulated only up to the bucket size.
The advantage of this scheme is by controlling the token size, the amount of “lost transmission opportunity” to recapture can be controlled. When the bucket size is infinite, this scheme is degenerated to scheme 1. On the other end, when the bucket size is 0, it means that any lost transmission opportunity will be lost forever. So this scheme is a more general scheme than scheme 1.

Another advantage of this scheme is token bucket has existed for a long time and is a very standard way to meter traffic. Basically, it guarantees a long term average data rate while allowing burstiness.
Proposal 2: If there is a need to define PBR more accurately, we propose to use a token bucket scheme.
Proposal 3: If proposal 2 is agreed. We propose the following text to be included.
2.3. Text Proposal
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.
RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).
The UE shall maintain a variable Bj for each logical channel j, where Bj shall be initialized to BUCKETj [in bytes] and incremented by PBRj [kBytes/s] for each TTI but no more than BUCKETj.
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:
-
The UE 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 radio bearer is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);
-  
Step 2: the UE shall decrement Bj by the amount of data served to logical channel j in Step 1 (Bj can go 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. 

-
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 

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible even though the served data for this logical channel may exceed the configured PBR.
-
the UE shall serve as much data as it can to fill the grant in general. However, if the remaining resources require the UE to segment an RLC SDU with size smaller than x bytes or smaller than the L2 header size (FFS), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and sending the segment.
Logical channels configured with the same priority shall be served equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
3. Conclusion

3.1. Proposals
Proposal 1: Do not change the current Logical Channel Prioritization text regarding PBR.

Proposal 2: If there is a need to define PBR more accurately, we propose to use a token bucket scheme.
Proposal 3: If proposal 2 is agreed. We propose the following text to be included.
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