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1. Introduction
The TFC selection was not specified at all until the March 2000 revision of the specs. In the May meeting an absolute priority scheme was introduced (see R2-001000 and R2-1004). It was later retracted in favor of a relative priority scheme (R2-001270). 
During the August meeting attempts were made to clarify this relative priority algorithm (R2-001587, R2-001838). In October, several companies, realizing the added complexity and the limited benefits from implementing relative priorities, introduced yet another absolute priority algorithm (R2-002073) much in line with the very first proposal (R2-001004). 
In the November meeting some concerns were voiced about the ambiguity of the algorithm over whether padding blocks can be used. Despite these concerns, this algorithm was agreed upon by the group and is now part of the December 2000 version of the 25.321 spec. It was also agreed that an e-mail discussion would be held before the next meeting to examine how to clarify it.

In the January meeting, Qualcomm introduced a modification to the TFC selection algorithm (R2-010179) in accordance with the consensus reached during the e-mail discussion. Also at this same meeting, Mitsubishi introduced a new relative priority proposal (R2-010182), which introduces three additional parameters to characterize the Quality of Service of a Radio Bearer and is claimed to perform better than the current one. The group decided that an e-mail discussion was necessary to establish what the requirements for the TFC selection algorithm were.

2. Discussion Summary

The companies that participated in the e-mail discussion were: LG Electronics, Ericsson, ST Microelectronics, CATT, ASUSTek, Philips, Mitsubishi, Motorola, Nokia and Qualcomm. I have tried to categorize the subjects and opinions voiced so as to make this report more readable.

In order to eliminate ambiguity with respect to the use of the Buffer Occupancy for TFC selection and Traffic Volume Measurements we introduced two separate notations for the two cases: BOTS (Buffer Occupancy for TFC Selection) BOTVM (Buffer Occupancy for Traffic Volume Measurements).

2.1 Use of Absolute vs. Relative priorities

Discussion

This topic is meant to regroup the comments made by companies about their preference in terms of the use of absolute or relative priorities. The discussion also incorporates the discussion on the only relative priority proposal, introduced by Mitsubishi.

Mitsubishi, at the Edinburgh meeting, suggested multiple shortcomings of the absolute priority scheme. These were addressed by Qualcomm during the e-mail discussion. First, they claimed that absolute priorities did not use enough information to properly multiplex the type of applications that are foreseen for UMTS. Qualcomm requested that they present specific examples of applications that could not be supported. Mitsubishi also suggested that absolute priorities could lead to the starvation of lower priority threads. Qualcomm responded that this kind of scenario would cause problems independently of the multiplexing algorithm used and that RRC would need to alter the channel configuration to avoid it. Finally, Mitsubishi claimed that not using prior transmission information was a shortcoming of absolute priority. Qualcomm responded that they regarded this as a reduction in the complexity.

Both Ericsson and Qualcomm pointed out that relative priorities would require additional parameters over the air interface and would result in significantly higher complexity. They also suggested that it would take several meetings for a new algorithm to reach stability, further delaying the completion of release ’99.

Also at the Edinburgh meeting, several companies suggested that the Mitsubishi proposal did not provide enough information about their algorithm to allow an accurate assessment of its feasibility and complexity. 

As part of the e-mail discussion Qualcomm requested that an example be provided for the case where, for a transport channel, minGBr is larger than the amount of data that can be transmitted during a TTI with any of the available TFCs. They suggested that, in that case, step 7 of the algorithm would result in not having any valid TFCs. Qualcomm also implied that the Mitsubishi algorithm did not fulfil the maximum delay requirement in the SA specification. Mitsubishi did not directly address any of these questions. 

During the e-mail discussion, Mitsubishi provided a more detailed description of their algorithm and also specific examples where they considered that the absolute priority algorithm was not performing well compared to their relative priority algorithm. They acknowledged the fact that two additional parameters were needed per logical channel and that the processing requirements relative to absolute priorities would be 50 to 100% higher. In the first example they introduced, a standard voice + signalling configuration is used and the case where the highest power TFC cannot be used is being considered. In that case, the use of absolute priorities results in long interruptions of voice whereas in the case of relative priorities these interruptions (same number) are being distributed over a longer period of time. In the second example, two packet-switched RABs are used in conjunction with the signalling radio bearers. When large quantities of data are available on the higher priority RAB, the lower priority RAB traffic is delayed significantly with the absolute priority scheme. With the relative priority scheme this traffic pre-empts higher priority traffic and gets through. 

Ericsson contested that in general, in the presence of a power limitation constraint, no algorithm would be able to guaranty a particular bit-rate. They requested examples of benefit in normal circumstances. They also wanted to know whether an updated version of the CR presented in Edinburgh would be introduced in the next meeting. Finally, they wanted to know how Mitsubishi expected to introduce new parameters without causing backward compatibility problems. None of these questions were addressed by Mitsubishi.

To the first Mitsubishi example, Qualcomm contested that circumstances where the highest power TFC is not available should be transient and should not occur on the lowest bit rates, as was described, unless the system has reached capacity. They suggested that this could occur for higher bit rates but that, in those circumstances, RRC should kick-in to reconfigure the physical channel. By introducing relative priorities, the RRC signalling is actually delayed, resulting in longer times for performing channel reconfiguration. Mitsubishi agreed that power limitation constraints are transient but suggested that other circumstances, such as restrictions by UE capabilities on the CCTrCH bit rate could lead to the same type of exclusion.

In addition to this Qualcomm pointed out that the algorithm description provided by Mitsubishi did not account for the case where, at a specific step, there are no more TFCs left. Mitsubishi granted this and suggested a clarification. Qualcomm also asked whether Mitsubishi could provide examples where a minimum bit rate guaranty made sense and again whether their algorithm satisfied the maximum delay requirement. To the first point they responded that it was an SA matter and to the second they pointed at an SA2 document where the topic was apparently discussed.

In their response Mitsubishi also made the case that the new parameters that they were introducing were native to SA and should already have been part of this algorithm. They also argued against the significance of the complexity penalty introduced by relative priorities. Their estimates apparently indicated that TFC selection (I assume using absolute priorities) only represents about 1% of the MIPS required to run the full protocol stack and that therefore a 100% increase would be insignificant in terms of the big picture. They also suggested that with absolute priorities, the TFCS would determine the bit rate for different applications. This was, they claimed, unacceptable. The TFCS and the average bit-rate at which applications transmit data should be decorrelated, and for this averaging was necessary. Finally, they stressed the fact that SA2 has introduced further concepts (see S2-010041) that are incompatible with the current version of the TFC selection algorithm.

Explicit Statements of Position

During the e-mail discussions, Qualcomm again insisted on the importance, from an implementation perspective, of making TFC selection simple. They pointed out that the SA requirements were mere recommendations for the RAN groups to consider and insisted that delay prioritisation of logical streams made more sense than bandwidth allocation. 

ST Microelectronics concurred with Qualcomm that the TFCS selection and the absolute priority level allocation gives UTRAN plenty of tools to guaranty that logical channels are served appropriately. In their opinion there was no need to introduce relative priorities.

Ericsson acknowledged that there were ways to improve on the current algorithm but they considered that it was too late now to be introducing such functionality in release ’99. They suggest studying it for release 4 or 5 as was Mitsubishi’s original intention.

Motorola suggested that a different format should be found for the TFC selection algorithm. They claimed it was impossible to test and hindered implementation. They did not seem to take a particular position as to whether absolute or relative priorities should be used except to say that additional parameters should only be introduced after release ‘99.

Mitsubishi stated that they consider the current algorithm unacceptable for not implementing the SA QoS attributes and that they thought that there were several scenarios in which it would not work.

Nokia also saw the Mitsubishi proposal as a good starting point for potential release 4 and 5 improvements to the TFC selection algorithm. They suggested that provided an adequate configuration by UTRAN the current algorithm would work fine. They seemed to regard the added complexity introduced as significant.

2.2 Definition of BOTS

LG Electronics suggested that BOTS, which is currently defined as the amount of data available for transmission or re-transmission, should include control PDUs. With this clarification in the MAC spec they consider that the definition is complete and aligned with their understanding of the definition of BOTVM. CATT concurred with this statement.

ASUSTek attempted to further clarify the proposal from LG, saying that the data available for transmission should only be the data within the RLC transmission window. And that the data available for re-transmission is the data that would not cause sequence number ambiguity if transmitted and that has not yet been acknowledged. This distinction would cause BOTS and BOTVM to be different. They also insisted that these clarifications should be introduced in 25.322.

Phillips concurred with ASUSTek that for BOTS there was no point in including data that RLC was not allowed to transmit, as for example outside the transmit window or during stop or suspend state. But they also suggested that the same number should be used for BOTVM since that was an indication of whether MAC can clear the data that is available for transmission by RLC. LG apparently shared the Phillips’ opinion on this issue.

ASUSTek suggested that BOTS be regarded as the amount of data RLC is ready to pass down to the lower layer and could thus be used for fast TFC selection; and BOTVM be regarded as the amount of data given to RLC by higher layers and that had not yet been sent. The latter could be used for radio resource control by RRM. CATT agreed with this proposal.

Ericsson suggested that the definition of BOTS should be clarified, i.e. they consider that the data available for re-transmission should not include data that has not yet been “NACKed”. They offered to write a CR to 25.322 to clarify this point.

Motorola suggested that the group should avoid specifying BOTS as it is an internal quantity that would be very difficult to test for.

3. Conclusion

On the definition of BOTS, we suggested adding a sentence in 25.322 that clarifies what is allowed to be included and what is not. In particular, we suggest that:

· For the data meant for transmission, only the data within the transmission window and available based on the suspend command be considered. 

· For the data meant for re-transmission, only the data already NACKed be considered.

· If based on the above no data PDUs are available and polling is needed, an extra PDU be added.

· Control PDUs be included.

· When an RLC entity is stopped the BOTS be set to 0.

A sentence could also be added to clarify that once MAC has decided how many PDUs an RLC entity should provide, RLC is entitled to provide any data it feels is adequate, for as long as it does not cause a sequence number ambiguity at the receiver.

Based on the feedback received, we suggest that relative priorities in the TFC selection algorithm not be introduced in release ’99. It could, however, be introduced in either release 4 or 5. 

