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1 Introduction

The current specification requires transmission of E-DPCCH for every E-DPDCH transmission [1]. Especially for low data rate services, the signalling overhead introduced by E-DPCCH becomes significant and degrades system performance in terms of capacity.  In R2-051874 a set of solutions/enhancements has already been presented, this contribution presents alternative solutions.

2 Discussion
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Relative Capacity Comparison for E-DCH VoIP

As defined in the specifications of the E-DCH [1], the UE transmits a frame of packet data in the E-DPDCH channel simultaneously with a frame of control information in the E-DPCCH channel.  The control information communicated from UE to NodeB includes parameters that are in general necessary for the NodeB to decode the E-DPDCH frame. The signalling overhead introduced by E-DPCCH is displayed in Figure 1 for the example of VoIP, cf. [2].

Figure 1:  Relative VoIP capacity comparison between 10ms and 2ms TTI, with and without E-DPCCH overhead. The capacity comparison comes from a fully dynamic system level simulation in which a maximum of 2 HARQ transmissions are used for the 10ms TTI and a maximum of 6 HARQ transmissions are used for the 2ms TTI. E-DPDCH drives OLPC and targets a 1% BLER post-HARQ. As the 10ms TTI enjoys a five times repetition gain on the E-DPCCH, elimination of E-DPCCH results in moderate (~10%) gain in VoIP capacity. For the 2ms TTI, the VoIP capacity gain from E-DPCCH removal is substantial (~30%). Note also that the 2ms TTI has a much higher VoIP capacity potential compared to the 10ms TTI. 

2.1 Solution 1: Differential Transmission of E-DPCCH 

In this solution E-DPCCH would be transmitted only when it is needed to signal a new data format. In particular, the E-DPCCH could be transmitted when the E-TFCI is different from the one for the previous packet that was sent utilizing the same HARQ process. Dedicated HARQ processes can be configured for specific logical channels corresponding to Mac-d flows. For instance, a certain HARQ process could be reserved for VoIP traffic carrying out non-scheduled transmissions, while another HARQ process could be configured for scheduled transmission of best effort data. For the HARQ processes carrying VoIP in this example, the Mac-e PDU packet sizes are constant most of the time, because the size of header compressed VoIP frames can be assumed to be constant. In addition, it is reasonable to assume that the maximum granted Mac-e PDU size in case of best effort data can be assumed constant over some period of time, in which case we could reduce the frequency of E-DPCCH transmission.  Furthermore, the E-DPCCH can always be transmitted if needed although there may not be a change in the packet size. In the following, two examples to describe possible scenarios, where E-DPCCH transmission may be needed, are given:
Example 1:

The E-DPCCH could be transmitted until all the NodeBs within the UE’s active set have returned at least one positive acknowledgement, indicating that each NodeB has received E-DPCCH transmission and has used its information to successfully decode at least one Mac-e PDU. The E-DPCCH transmission can then be suspended, since all the NodeBs in the active set have obtained the latest E-DPDCH packet size and E-TFC information becomes redundant for as long as it remains constant.

The NodeB’s behavior can then be described as follows:

· If E-DPCCH transmission is received and decoded successfully, the NodeB shall use the packet size information and redundancy information from the decoded E-DPCCH to decode the E-DPDCH packet.

· If no E-DPCCH transmission is received, the NodeB should assume that the E-TFCI is the same as in the last received E-DPCCH transmission.  Since no redundancy version is available, the NodeB attempts to decode each E-DPDCH packet multiple times assuming different redundancy versions and number of retransmissions. If the decoded data yields the correct CRC, reception is positively acknowledged. 

If the active set of a UE is updated, NodeBs that are newly added do not know the packet size information, when E-DPCCH is switched off. There are two possibilities for resolving this problem.  

1. RNC based solution: 
RNC relays the latest E-DPDCH packet size information from a NodeB that is within the active set to this newly added NodeB.

2. UE based solution:
The UE will resume E-DPCCH transmission when a new NodeB is added to its active set.  The transmission will be continued until the newly added NodeB returns a positive acknowledgment on E-DPDCH transmission, thus indicating that it has also obtained the E-TFCI conveyed by E-DPCCH.

Example 2:

E-DPCCH is transmitted when negative acknowledgement has been received from all NodeBs for the previous Mac-e PDU, until the first positive acknowledgement from at least one NodeB is received.

To illustrate this procedure, we consider the case when the UE changes its E-DPDCH packet size that was constant over a certain time period to another different packet size.  The UE needs to transmit E-DPCCH when the E-DPDCH is changed to the new E-TFC. The UE continues transmitting E-DPCCH until at least one NodeB has successfully decoded a Mac-e PDU with the new E-TFC and returned positive acknowledgement.  When at least one NodeB with good reception has acquired the new E-TFCI, the UE can switch off E-DPCCH transmission. If all NodeBs fail to return a positive acknowledgement at a later stage, E-DPCCH transmission can be resumed until at least one NodeB can decode the E-DPDCH transmission successfully.  

If a NodeB is newly added to a UE’s active set while E-DPCCH is switched off, at least one NodeB can decode E-DPDCH transmission successfully.  Therefore, the newly added NodeB does not have the E-DPDCH packet size information. However, the newly added NodeB can acquire the E-TFCI from the next E-DPCCH transmission either when all other NodeBs have failed to return a positive acknowledgement or when the E-TFC is changed.  

The NodeB behaviour in this example is identical to that in example 1.

Additionally, in order to reduce the decoding complexity at the NodeB, the UE could send a new-transmission indicator when new data is sent. This new indicator could be realized by just repeating the same E-DPCCH again. 
2.2 Solution 2: Reuse of TFCI fields on DPCCH 

In case DPDCH is not used, the TFCI field on DPCCH carries no information (respectively 0-bit TB). Then the UE could be configured for transmission and the NodeB for reception of the E-TFCI, RSN and happy bit on UL DPCCH. 

The RNC determines the application of UL DPCCH for sending the E-TFCI, RSN and happy bit e.g. at setup of an E-DCH transport channel. When the RNC decides to use UL DPCCH for sending the E-TFCI, RSN and happy bit, it signals the configuration to the UE and the NodeB via RRC and NBAP signalling, respectively.
After successful reception of the messages and configuration, the UE will send and the NodeB will receive the E-TFCI, RSN and happy bit over UL DPCCH instead of E-DPCCH. Therewith the E-DPCCH could be switched off completely. 

When the UE decides to transmit a certain amount of data over the E-DPDCH, it will create an E-TFCI following the E-TFC selection process. A similar mapping between the E-DCH Mac-e PDU size and the E-TFCI can be used as already specified. The UE builds a code word from the E-TFCI information, the RSN and the happy bit and then maps this code word into the TFCI fields on the UL DPCCH. Similar mapping schemes as the one already specified can be used. Then the UE transmits the data on E-DPDCH together with the control information on associated UL DPCCH. The NodeB decodes the UL DPCCH and decodes E-DPDCH and if it receives data on the E-DPDCH. 

The proposed solution is transparent to the original transmission method on E-DPCCH and no change of the general procedure is required. Furthermore, as the UL DPCCH is time-aligned to E-DPDCH, the time relation between data and control information can be easily maintained. In any case, especially if 2ms TTI is configured, the UE could always send the regular E-DPCCH, which will then be prioritized by the NodeB over any data in the TFCI field of DPCCH.

For the case the 2ms TTI is configured for E-DCH transmission, the TFCI field on DPCCH can still carry E-DPCCH information, however still on a 10ms TTI basis. The values indicated on DPCCH would then serve as default values and only if the actual E-DPCCH would differ from these, E-DPCCH is transmitted. From the NodeB perspective the E-DPCCH is always prioritized, if E-DPCCH is not received, the values sent in the TFCI on DPCCH apply. Again supposing the example of a constant Mac-e PDU size, E-DPCCH can be switched off completely most of the time.

3 Conclusion

We propose to discuss and agree on the benefits in terms of system capacity when E-DPCCH can be signalled differentially, i.e. only if changes with respect to the last send E-DPCCH occur. We further propose to discuss the benefits of using the TFCI field on DPCCH to carry the E-DPCCH information, if there’s no DPDCH, i.e. if all logical channels are mapped to E-DCH.  
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