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Introduction

This paper is a resubmission of the TFC selection algorithm that we ealier proposed in [7] during Rel’99 specification, with adaptations for the Enhanced uplink. 

In the context of Enhanced UL logical channel multiplexing, an issue is the starvation of logical channels by higher priority channels, it is recognised that this issue shall be avoided by suitable logical channel and TFC selection [8/§5, 9].

Our earlier proposed TFC selection algorithm proposal ([7]) mitigates the logical channel absolute priority concept by introducing new parameters given by the network to UE/MAC TFC selection module. These parameters MinGBr : Min Guaranted Bit rate, MaxBr : Max Guaranted Bit rate, TW : Time Window, will complete the current MLP for representing Logical channels priorities. These parameters are fuilly endorsed by the TSG SA QoS concept as defined in [6/§6.4.3].
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Discussion

During release 99 specification is was considered at length during e-mail and physical discussions and in document [2] that the current algorithm proposed for TFC selection in MAC may not be fully satisfying because of its absolute priority scheme. This algorithm would lead to exclusion of some logical channels for transmission in case some TFC become blocked. This is the so-called “starvation” issue.

It was admitted that a relative priority scheme would improve TFC selection efficiency. Some new parameters were proposed (MaxLoss in first round [3,4] and then BW [5]), but no one was able to present a simple algorithm to implement them. These solutions were left aside.

In [7] we proposed an algorithm that would solve the starvation issue. However the proposal in [7] came at too late a stage, and its complexity was greater than the absolute priority algorithm. For these reasons the proposal in [7] could not be agreed. 

A consensus arose then that absolute priorities were enough for the time being given that this concept was well understood, and that many companies were already too advanced in their designs to incorporate newer and more elaborate things. The consensus was that the RNC would be responsible for ensuring that no starvation would occur by properly blocking the TFCs.

The absolute priority scheme, even with this UTRAN controlling TFC restrictions, remains however sub-optimal : in a power limited scenario where starvation would occur, starvation avoidance by TFCS reconfigurations by higher layers is involving longer transmission delays and increased signalling load. It might even be impossible in some cases to avoid starvation this way, as reconfiguring transiently the TFCS for the blocked logical channel in order to sometimes preempt the higher priority logical channel would involve a too long pre-emption of the higher priority channel, incompatible with its QoS requirement. In a nutshell, the response time of a TFCS control loop going through UTRAN RRC may be too long to both avoid starvation and keep the QoS requirements.

Now, in the context of Enhanced uplink it has been acknowledged by several companies [8,9,10] that the Rel 99 starvation avoidance concept cannot be held any longer as a working one, notably as a single transport channel is allowed to transmit per TTI.

Soft priority TFC selection algorithm from [7], with adaptation to EUL

Presentation of the original algorithm

We recall here the algorithm of [7]. This algorithm uses attributes such as Maximum bitrate, Guaranteed bitrate defined by TSG SA in [6]. These attributes are specifying requirements for UMTS bearer service and radio bearer service. They could easily be derived to calculate equivalent parameters at MAC level.

We think that three main problems occur in the present scheme :

· There is only one way to represent the quality of service at logical channel level (MLP). This parameter ranging from 1 to 8 is not sufficient to characterise all the applications foreseen for UMTS, and it is not sufficient either for enhanced uplink data prioritisation.

· Priority are absolute. Logical channels of higher MLP can never preempt lower MLP logical channels and thus may be systematically prevented by them from transmitting, ie causing starvation

· MAC (by the mean of TFC selection algorithm) is not informed of the past of its transmission (currently, TFC selection is instantaneous)

Our conclusion is that the MLP is not enough to implement a relative priority scheme. We propose to introduce 3 new parameters completing MLP to express accurately the needs of different applications in term of bit rate. 

The new parameters we propose are :

TW : Time window. It is the time period on which the allocated bit rate for the logical channel is estimated. It is a number of TTI.

MinGBr : Min guaranted bit rate. It is the basic needs of the logical channel. This amount will be transmitted with an absolute priority scheme. Its unit is in Bits/TW

MaxBr : Max bit rate. It represents the nominal needs of the logical channel. This amount will be transmitted when the MinGBr has been allocated to all the logical channels. Its unit is in Bits/TW.

The main idea is first to have a time measure of the data allocated in the previous TTI. This was missing in the previous proposals.

The principle of the current “absolute priority” algorithm is kept, but instead of trying to “maximise the transmission of high priority data”, we make three steps, where in the first step, we try to reach the MinGBr for each logical channel in the descending order of priority. When all the logical channels have been served, we go to the second step where we try to reach the MaxBr for each logical channel in the descending order of priority. The last step is to serve the logical channels which still have remaining data (best effort), still in the descending order of MLP priority.

This solution is able to solve the problems encountered in the absolute priority scheme. It also gives the possibility to the network to decide of the behaviour of the UE, relative to its global policy. The solution increases the complexity compared to the current TFC selection algorithm, but it is not very much more complex because the treatment is a function of the number of selectable TFC, and this number decreases as the algorithm is progressing, this number being the number of elements in set S2 in the pseudo code given in the corresponding section.

A configuration of the new parameters of the proposed solution with a time window TW of a single TTI would give the same behaviour as the current scheme. So there is no regression, only additional capability here.

Evolution for EUL

For the EUL we have in addition to the DCH CCTrCH, the E-DCH CCTrCH. And in addition to this we have HARQ on the E-DCH.

We propose to select jointly the TFC of the DCH CCTrCH and that of the CCTrCH. In the following we use the term TFC to refer to the combination of the transport format of both CCTrCHs, as if there was only one CCTrCH.

Furthermore, the algorithm has been adapted to cover the case of HARQ repetitions.

Pseudo code

The scheme is performed each time a TFC selection is performed, i.e., each time the shortest configured TTI begins. 

Consider the interval of priorities N1..N2 (N2>N1) where data is available for transmission at the time the TFC selection is performed. Let S1 and S2 be sets of TFCs. 

	1
	Let S1 be the set of all TFCs in the TFCS that can be supported at the current UE maximum transmitter power. 

	2
	If there some E-DCH(s) needing a retransmission then

	3
	Let S2 be the set of TFC in S1 such that one E-DCH(s) needing a HARQ retransmission is transmitteding with a transport format compatible with the 1st transmission.

	4
	Else

	5
	Set S2 = S1

	6
	End if

	7
	Iteration ITER = 1

	8
	Priority N = N1.

	9
	Label LOOP:

	10
	Set S1 = S2.4

	11
	Case ITER of : 

	12
	If ITER = 1 :

	13
	Let S2 be the set of all TFCs in S1 that allow the minimal amount of available priority N data bits to be transmitted such as MinGBr is guaranteed (Note 1). Go to label ENDCASE

	14
	If ITER = 2 :

	15
	Let S2 be the set of all TFCs in S1 that allow the remaining amount of available priority N data bits to be transmitted such as MaxBr is not exceeded (Note 1). Go to label ENDCASE.

	16
	If ITER = 3 :

	17
	Let S2 be the set of all TFCs in S1 that allow the highest remaining amount of available priority N data bits to be transmitted. 

	18
	End of case12

	19
	label ENDCASE:

	20
	N = N + 1.

	21
	If N>N2, then ITER = ITER+1 and Priority N = N1

	22
	If S2 contains only one element, select it and end the procedure.

	23
	If S2 is empty, select any of the TFC of S1 and end the procedure.

	24
	If ITER > 3, select anyone of the TFCs in S2 and end the procedure.

	25
	Go back to Label LOOP


Note 1 : logical channel bit rate estimation does not count HARQ retransmissions.

Logical channel data rate selection

It has to be noted that in the pseudo code above, the amount of data transmitted by each logical channel for the considered TTI is determined by the algorithm. 

First of all, in the case if HARQ retransmission, logical channels mapped to retransmitted E-DCH have already their bit rate determined for the selectable TFC, ie TFC of set S2 resulting from pseudo code line 3.

For the other logical channels, initially their bit rate is set to zero for each TFC, and as the algorithm progresses it is increased for each logical channel, and each TFC still considered as selectable.

Comparison to other proposals

In [10/§5] Qualcomm considers two schemes, the first one is to use semi-static hard priorities with periodical reconfiguration, and the second is the use of soft priorities, which our proposal is an example. Qualcomm acknowledges that soft priorities give a better performance in terms of transmission delays and use of resources, but prefers to use dynamic priorities with the claim that implementation would be simpler in UE.

We do not agree that soft priority implementation is too complex. Our estimation is that it is only more complex by a factor ranging in 1.5 ~ 2 compared to the current hard priority scheme. This is because the number of TFC to consider is decreasing as the algorithm is progressing, so iterations 2 and 3 are significantly less costly than iteration 1.

Furthermore, performance cannot be neglected : one of the contemplated application of HSUPA is gaming, where transmission delays are of a concern.

In [8/§5] by Ericsson no precise algorithm is given, only guidelines. Here we quote them :

This means that a logical channel can use the whole data rate when no other data is available (and is thus more efficient than the Rel-99/4/5 priority handling) but gives UTRAN means to control the starving when simultaneous transmission of several logical channels is desirable. […]  It is therefore important that the multiplexing scheme allows for simultaneous data from several logical channels from different MAC-d flows and with different priority.

Our proposal is compatible with these requirements.

Finally, in our proposal TFC of E-DCH and of DCH are jointly selected. This means that the “NodeB controlled TFCS” concept is easier to implement. In case of a disjoint selection, the “NodeB controlled TFCS” would be the product of a “DCH TFCS” and “E-DCH TFCS”, both DCH and E-DCH would be constained separately rather than jointly, which amounts to slicing the resources, and gives a suboptimal result. 

Conclusion

In this contribution we have proposed a TFC selection algorithm that shows the following benefits:

· It is a superset of the existing algorithm, therefore backward compatibility with previous releases is made easier from the UE implementation point of view.

· It uses soft priorities, therefore yielding better transit delay and resource usage performance than other proposal.

· Complexity is acceptable.

· TFC of E-DCH and classical DCH are jointly selected, therefore involving an efficient use of radio resources.

· The logical channel starvation problem is solved.

· EUL HARQ is covered.

· SA QoS concept is better matched

So, we propose the algorithm described in this contribution for inclusion in enhanced uplink scheme.

