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Introduction

At RAN#23 plenary meeting the new work item on High Speed Uplink Packet Access (HSUPA) was approved. The objective of this work item is the Enhanced Uplink functionality in UTRA, the performance improvement of uplink dedicated transport channels. It has been proposed to introduce an enhanced dedicated transport channel, E-DCH,  which supports various techniques in order to improve the uplink packet transfer performance. 

In previous meetings the TFC Selection in UE for E-DCH and the impact of E-DCH on the Rel99 TFC selection have been identified as one important topic. This paper discusses TFC Selection with E-DCH in more details. 

TFC Selection 

The Rel99 TFC Selection procedure is used to set the maximum total bit rate of all transport channels of a Coded Composite Transport Channel (CCTrCH). In current specifications there is only one CCTrCH allowed for one UE on the uplink [1]. It is still FFS if there will be a separate CCTrCH for E-DCH. The advantages of introducing a new separate CCTrCH on the uplink for E-DCH would include, among others, an easier introduction of a shorter TTI length (e.g. 2ms) and increased flexibility of HARQ operation [2]. Since TFC selection is currently defined per CCTrCHs as already mentioned, the introduction of a new CCTrCH might require a second TFCS, which would contain only E-DCH transport channels. Thus there would be one TFCS for E-DCH(s), controlled by Node B, and one for Rel99/4/5 DCH(s) under the control of RNC. Since current TFC Selection assumes only one TFCS, it has to be investigated, how the introduction of a second TFCS would impact the Rel99 TFC Selection procedure. As an alternative there could be only one single CCTrCH, which contains both E-DCH transport channels and Rel99/Rel4/Rel5 DCH(s). In this case the TFCS includes transport channels, which are controlled (scheduled) by Node B and transport channels under the control of RNC.   

In the TR 25.896 it is stated that the TFC selection for E-DCH could be done jointly with Rel99/4/5 DCH(s) in MAC-d or separately in a new MAC entity, which is referred to as MAC-e  [2]. These two possibilities are shown in figure 1 and figure 2. It should be noted, that the architectures of the MAC sublayers are not complete; they are rather used to make the principle clear. Furthermore 2 E-DCH transport channels are assumed in the figures, but it still has to be decided, if multiple enhanced dedicated transport channels are supported in HSUPA. 
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Figure 1: Joint TFC Selection in MAC-d






Figure 2: E-DCH TFC Selection in MAC-e

Joint Uplink TFC Selection 

In figure 1 the Uplink TFC Selection in the UE is done for E-DCH and Rel99/4/5 DCH transport channels in MAC-d. It should be noted that [E]-DTCH does not denote a new logical channel but shall point out, that the logical channel is mapped to an enhanced dedicated transport channel. Since TFC selection is done jointly, this might be an example for having a single TFCS carrying transport channels under the control of Node B (E-DCH) as well as under the control of RNC (DCH). 

In Rel99 TFC Selection should be done in accordance with the logical channel priorities (MLPs) signalled by RNC. In case of simultaneous transmission of Rel99/4/5 DCH(s) and E-DCH, the priority handling between these channels has to be clarified. If the same functionality with different logical channel priorities as in Rel99 should be maintained in HSUPA, the TFCS might be defined in an ascending order both according to the data rate and according to the priorities between different logical channels. In this case the UE selects a TFC, which maximizes transmission of higher priority data. However the ordering of the TFCS might not be a trivial task in case E-DCH and DCH transport channels are contained both in the TFCS. No major changes to the Rel99 TFC Selection procedure are assumed with respect to current specifications in case of a single TFCS in the uplink. However the features of the E-DCH transport channel like Node controlled scheduling and HARQ will have an impact on the TFC Selection algorithm. 

Since HARQ functionality of the E-DCH is located in MAC-e, the TFC Selection entity in MAC-d is not aware of pending retransmissions. However retransmissions need to be taken into account for TFC Selection. Furthermore since Node B schedules UE for transmission on E-DCH, e.g. time and rate controlled mode, E-DCH transmissions are intermittently present. Therefore scheduling related control signalling should be considered for TFC selection as well. Some interaction between the MAC entities might be required. Another possibility would be to use a probabilistic approach for TFC selection as described in [4] or a combination of both interactive and probabilistic approach. 

Another issue, which needs to be clarified, is the minimum set of TFCs for E-DCH. In TR25.896 it is stated that the minimum set for E-DCH should be identical to the minimum set in Rel5 as specified in [3]. The UE can always select a TFC from the minimum set as TFCs in the minimum set never can be in blocked state. In case of a single TFCS it needs to be discussed, if the minimum set of TFCs should contain a non-empty TF for the E-DCH transport channels as for Rel99/4/5 [3].  

Separate TFC Selection for E-DCH

In the figure 2 the TFC selection for E-DCH is done in MAC-e. TFC Selection for Rel99/4/5 DCH(s) is done in MAC-d as defined in the current specifications. Since there are 2 TFC selection entities, it is possible to have 2 TFCS(s), one  Node B controlled TFCS of E-DCH(s) respectively one RNC controlled TFCS of Rel99/4/5 DCH(s). The UE transmission power needs to be divided between the 2 TFC Selection entities in MAC-d respectively in MAC-e. One simple approach would be that TFC Selection is first made in MAC-d for Rel99/4/5 transport channels and the remaining power is allocated to TFC Selection for E-DCH. This approach would not require any changes to the TFC Selection procedure for Rel99/4/5 DCH(s) in MAC-d. However in this case low priority would be given to logical channels mapped to E-DCH transport channels. In case the UE has been scheduled on E-DCH, Node B scheduler has reserved resources for transmission. Uplink capacity could be wasted when remaining power is not sufficient for the E-DCH transmission, since reserved resources could have been allocated to other UEs for transmission. If TFC selection were done in accordance to priorities as in Rel99, the UE would have to take both E-DCH and DCH into account in case of a simultaneous transmission on E-DCH and DCH. Therefore it should be assured that based on priorities power is allocated to TFC Selection in MAC-d and MAC-e. An interaction between the MAC entities or a probabilistic approach might be required as described above. 

Impact of shorter TTI on TFC Selection 

One further issue, which needs to be studied in relation to TFC Selection, is the impact of a shorter TTI for E-DCH to the TFC Selection procedure. Currently the gains with respect to a delay reduction of introducing a shorter TTI for E-DCH transport channels as for the HS-DSCH in HSDPA are discussed in RAN1. It has to be decided, if TFC selection algorithm, as described in [6], is performed more frequently in case of a shorter TTI, i.e. 5 times more often then currently. Furthermore the impacts on the evaluation of the Elimination and Recovery criterion should be studied. Some changes in the current X,Y,Z parameters [5] might be required.

Conclusion
In this document we discussed TFC Selection in the presence of E-DCH channels in more detail. Two different approaches for uplink TFC selection in the UE were studied. TFC Selection for E-DCH can be either done jointly with TFC selection for Rel99/5 DCH channels in MAC-d or in the new MAC-e entity. The different approaches were discussed with respect to impacts on current Rel99 TFC Selection. Furthermore problems related to the intermittent nature of the E-DCH and other issues related to TFC Selection were pointed out. 
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