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1.  Introduction

The concept of a minimum set in the E-DCH TFC selection has been discussed in several papers [1,2,3,4]. It can be seen in these contributions that the term minimum set is used to mean different aspects of the TFC selection. In the following we separate between two different aspects:

1- Autonomous transmission: amount of data that the UE can transmit without a scheduling grant, when the UE has sufficient power to support it.

2- Minimum set: amount of data that can be transmitted with a grant (scheduled or autonomous) when the UE does not have power.

In this paper we discuss the different aspects of the TFC selection process, outline  the desired behaviour for these functions and the relationship between the functionality for the autonomous transmission and minimum set.

2.
Recap of the R99 minimum set

In order to see the reasons for the minimum set in the R99 specifications one need to consider the principle behind the TFC selection. In non-power limited scenarios, data from all transport channels can be transmitted simultaneously and there is no restriction of the configured data rate and no use for a minimum set. When a UE moves out of a cell such that the power requirements increase, some TFCs will require more power than the UE has available. In this situation it is more beneficial to reduce the rate in order to get some data through with high reliability rather than transmitting data with a high data rate but at very high BLER. The logical channel priority is used to decide which data that should be transmitted since the allowed TFCs in a power limited scenario typically do not allow data from all transport channels to be transmitted simultaneously. This mechanism does however not make sense when the data rate approaches zero: It is still beneficial to transmit at least one RLC PDU per TTI with high BLER rather than not transmitting anything at all, which led to the introduction of the minimum set for TFCs. Note that the minimum set in R99 is not related to any requirements of the actual service. In particular it does not provide any guarantee of neither bitrate nor delay since the BLER is typically high (higher than the power control BLER target) when the minimum set is used and only one PDU per TTI can be transmitted.

The minimum set has also been extended with some configuration requirements that are needed for the TFC selection. For example if it does not exist an empty TFC or a TFC with zero TBs for all but one TrCH, the TFC selection can end up in undefined states. These extensions are specific for the R99 TFC selection and are not relevant for E-DCH.

It should be understood that the R99 minimum set mainly is specified due to the properties of the R99 TFC selection. It is therefore not obvious that the principles for a E-DCH minimum set should be the same as for R99, or even that a E-DCH minimum set is needed. When deciding if a E-DCH minimum set is needed, and if so what functionality that is desired, the E-DCH specific properties need to be considered.

3.
Autonomous transmission and minimum set

In the following we discuss the E-DCH autonomous transmission and minimum set and the desired behaviour of the E-TFC selection related to these functions.

3.1
Autonomous transmission

It has been agreed that guaranteed bitrate services should be possible to support through unscheduled transmission, i.e. through autonomous transmission. In principle this implies that the RNC configures the UE and Node B with a set of E-TFCs that the UE is allowed to use even when the UE has not been scheduled. 

In some papers high priority data is proposed to be handled through autonomous transmission. Even if the autonomous transmission support that is needed for guaranteed bitrate services can be used also for this purpose, the support of priorities should be sufficiently well covered in the scheduling mechanism. We therefore do not see any reason to introduce any specific handling in the TFC selection for high priority services. The same can be said about delay sensitive services: Even if it can be supported through the autonomous transmissions we see no need to make special arrangements for the delay sensitive services except the support that is required for the guaranteed bitrate.

It has been agreed that the initial scheduling request for E-DCH is transmitted inband as part of MAC-e. It is necessary that the scheduling request can be transmitted as an autonomous transmission. 

The autonomous transmission for guaranteed bitrate services require a configuration, i.e. the UE (and the Node B) needs to be aware of the guaranteed bitrate. For the scheduling requests this is however not necessary. It is sufficient to specify that the UE is allowed to transmit a scheduling request without being scheduled.

Some companies have argued that when the UE transmits a scheduling request by autonomous transmission, it should also be allowed to include unscheduled user data in the transmission. Here one can distinguish between two cases:

a) The UE has a configured guaranteed bitrate and has data to send for that logical channel

b) The UE does not have any configured guaranteed bitrate service or it does not have any data to transmit for the logical channel that has a guaranteed bitrate.

In alternative a) it is logical that the UE can include the data from the guaranteed bitrate service in the same transmission as the scheduling request.

In alternative b), the inclusion of user data would increase the interference level in an unpredictable way and should therefore be avoided. If it would be allowed to include user data, it would have to be specified how much data that is allowed to transmit. It is not desirable to couple this amount of data to the guaranteed bitrate since that rate can be rather high. Thus, a new configuration, indicating the allowed amount of data to transmit together with the scheduling request would be needed. This would also increase the complexity in addition to the increased interference.

It is proposed to specify the autonomous transmission rate per logical channel. In the case where e.g. speech is configured as an autonomous transmission and another logical channel (e.g. an interactive bearer) does not have an autonomous transmission, this other logical channel may not "borrow" resources from the autonomous transmission even if there is no data transmitted at the time (e.g. a speech pause).

3.2
Minimum set

It has been agreed that DCH shall have priority over E-DCH in the TFC selection. This means that a TFC is first selected for DCH and E-DCH is then allowed to use the remaining power. The amount of data that can be transmitted in a TTI on E-DCH thus depends on the radio conditions and the power currently used for DCH. In power limited situations it can occur that all available power is used for DCH. In this situation it needs to be decided what the appropriate behaviour for E-DCH should be. The desired behaviour depends on e.g. if a DCH is available. Here two main scenarios are outlined:

1. A DCH is configured and SRBs are mapped to DCH

In this scenario, The most straight forward alternative is to not have any special behaviour, i.e. in case DCH uses all available power, no E-DCH transmission will take place. If a minimum set for E-DCH in power limited situations is defined it implies that the power for DCH will be reduced due to E-DCH transmission. This means that the coverage for DCH is reduced and the possibilities for making e.g. RRC reconfigurations is affected. This in some sense contradicts the agreement that DCH should have priority over E-DCH. In this configuration the desired behaviour is thus to let the E-TFC selection operate without minimum set for power limitation. This means that if the power is not sufficient to support the guaranteed bitrate, the UE autonomously reduces the bitrate (possible to zero). It should however be remembered that in the power limitated case no guarantees can be made on bitrate or delay regardless on the TFC selection principle.

2. No DCH is configured and SRBs are mapped to E-DCH

When no DCH is configured and the SRBs are mapped to E-DCH (or if a DCH exists but only speech is mapped to DCH), it could be beneficial to have a minim set for E-DCH to avoid that the UE reduces the rate to zero when the power is insufficient. The reasoning for this is similar as for R99, i.e. it is better to transmit some data with high error probability than no data at all.

As can be seen the need for a minimum set depends on the configuration. To solve both situations the minimum set can be made configurable. In this way the minimum set can be configured to zero in situations where e.g. DCH coverage is important. It should be sufficient to specify the minimum set as a single rate, e.g. not distinguish between logical channels. To introduce different rates for different logical channels would make the E-TFC selection algorithm unnecessarily complex.

Alternatively, if it can not be agreed to have the minimum set configurable it could be considered not to have any minimum set for power limitation for E-DCH. The alternative to always have a fixed minimum set for E-DCH is not acceptable since this would affect the coverage for DCH. 

3.3
Relation between autonomous transmission and minimum set

If the autonomous transmission and minimum set is specified as discussed in this paper, it also needs to be decided how these two functions interact. If e.g. a guaranteed bitrate is configured through autonomous transmission and the transmitter power is not sufficient to support the autonomous transmission. When the autonomous transmission requires a transmitter power that is higher than the available UE power, it is natural that the E-TFC selection reduces the bitrate in the same way as for R99. However, the bitrate should not be reduced further than the rate given by the minimum set.

As described in 3.2 it is proposed that the scheduling requests can be transmitted as autonomous transmission without the need for configuration. Also here it is proposed that in power limited situations, the scheduling request may be transmitted if the resulting TB size is below the size given by the minimum set. 

4.
Conclusion

In summary we propose

1. To separate between the terms autonomous transmission (amount of data that the UE can transmit without a scheduling grant, when the UE has sufficient power to support it) and minimum set (amount of data that can be transmitted with a grant (scheduled or autonomous) when the UE does not have power).

2. That the amount of data/TTI that can be transmitted as autonomous transmission (e.g. to support guaranteed bitrate services) is configurable by the RNC and indicated to both UE and Node B. It is proposed that the autonomous bitrate is configurable per logical channel.

3. That the scheduling request can be transmitted as autonomous transmission without the need for configuration and that user data can only be transmitted simultaneously if allowed by a scheduling grant or configured autonomous transmission.

4. That the minimum set is configurable from the RNC as one single rate (e.g. no differentiation between logical channels etc.) 

5. That the transmitted bitrate for both scheduled transmissions and autonomous transmissions are reduced in power limited situations but not further than the rate given by the minimum set.

We propose to agree on the above bullets and to update the specifications accordingly. 
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