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1. Introduction

Operation of the E-DCH requires outband control signaling in the uplink. Neither the exact quantities, nor how it is conveyed to the Node B has yet been decided.  The purpose of this contribution is to start a discussion on the required control signaling in the uplink and to propose a basic structure used for its transmission.

2. Required Control Signaling

The exact amount of control signaling, and the contents, depend on the outcome of the hybrid ARQ and scheduling discussions. However, it seems likely to assume that at least the following quantities are required in the uplink control signaling:

· E-TFCI: Similarly to the R99 TFCI, this quantity determines the E-DCH transport block size and, consequently, the number of uplink channelization codes and the spreading factor used for this TTI. The number of bits depend on, e.g., the required granularity in the transport block sizes, but in the order of 4-6 bits are likely to be required
· Hybrid ARQ parameters: To control soft buffer clearing and redundancy version selection, a retransmission sequence number (RSN) [1] is needed. Alternatively, with the same cost in bits, a (multi-bit) new data indicator and a redundancy version signal can be used. The hybrid ARQ process number is preferably derived from the CFN (or similar), which avoids the need for explicit signaling and reduces the impact from error cases. The total number of bits required for the hybrid ARQ parameters depend on the outcome of the discussions, but 3 bits can be a reasonable first estimate.
· Scheduling requests: Scheduling requests are used for the UE to request permission to transmit on the E-DCH. The details of the scheduling requests have not yet been discussed, but as a minimum 1-2 bits are required, although some proposals may use a significantly higher number of bits.
· Other: Other control signaling may be required depending on the decisions taken.
Based on the above, a first guess of the number of bits for outband control signaling is in the order of 10 bits per TTI. Note that the estimates of the number of bits above are used to provide a rough estimate of the total number of bits only and do not necessarily reflect the final decisions taken.

The coding scheme for these bits is for further study, but the following aspects are worth noting:

· The data rate for the control signaling is fixed (unlike the E-DCH, where the data rate may vary from TTI to TTI).

· The error rates for the control signaling and the E-DCH data are different. The difference, which in turn dictates the power difference, depends on, for example, the control signaling decoder implemented in the Node B and possibly the hybrid ARQ operating point chosen. 

· Scheduling request and E-TFCI/hybrid ARQ parameters are likely to be coded separately as there is a need to transmit scheduling requests even when no uplink data (and hence no E-TFCI and no hybrid ARQ parameters) are transmitted.

3. Transmission Schemes

Several different ways of conveying the control information from the UE to the Node B could be considered:

1. Time multiplexing, i.e., control information and E-DCH data on the same channelization code(s).

2. Code multiplexing, i.e., control information and E-DCH data on different channelization codes.

3. Using the R99 DPDCH, e.g., by puncturing control data into the DPDCH.

4. Using the R99 DPCCH, e.g., by introducing additional slot formats.

5. Using the Rel5 HS-DPCCH, e.g., by introducing additional slot formats.

Option 3 is similar to option 1 with the difference that R99 channels are modified, which raises backwards compatibility issues without providing any benefits over option 1. Option 4 also raises questions around backwards compatibility, especially in soft handover with non-E-DCH Node Bs. Option 5 requires simultaneous use of E-DCH and HS-DPCCH, which is not in line with previous agreements on allowing independent operation of E-DCH and HSDPA. Hence, only option 1 and option 2 option are considered in the following.

3.1. Time multiplexing of E-DPDCH and E-DPCCH

Time multiplexing of the E-DPDCH and E-DPCCH is illustrated in Figure 1. In this example, the control signaling is present at the beginning of the (sub-)frame. Note that the instantaneous E-DCH data rate is unknown until the fixed rate control signaling is successfully decoded. Consequently, only the first channelization code can be used for control signaling. Furthermore, a fixed spreading factor must be used for the control part to facilitate dispreading of the control signaling.

The following properties can be identified for this approach:

· There is no need for an additional uplink channelization code for the E-DPCCH, which is the case for a code-multiplexed approach.

· The power level for a code may change in the middle of a slot as different power levels may be required for the control and data fields, depending on the instantaneous data rate, the relative error requirements for the two fields, and whether the power for the data part is to be different for transmissions and retransmissions. If the control signaling is distributed over the (sub-)frame, this implies that the power may change from bit to bit. 

· A quite high peak power may be required for the control part to get sufficient performance due to the short duration of the control signaling. 

· The spreading factor for the uplink channelization code changes in the middle of a slot (or at least during the (sub-)frame) as the control part must use a fixed and low spreading factor, e.g., 4, in order not to occupy a too large fraction of the (sub-)frame, while the data part uses a spreading factor in the rage of 4-256 (or 2-256). This may require multiple spreaders and despreaders to be implemented, even though only a single uplink channelization code is used for both control and data signaling.

· For the example in Figure 1, all control signaling is located during a very short period of time at the beginning of the (sub-)frame. Hence, there is almost no time diversity to exploit for the control part. If the E-DPCCH is to be used for improving the channel estimates (either with or without activity-dependent pilots), all the extra “pilot” energy is concentrated at the beginning of the (sub-)frame, which degrades the performance of the channel estimator.
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Figure 1: Time multiplexing of control and data.

3.2. Code multiplexing of E-DPDCH and E-DPCCH

Code multiplexing of E-DPDCH and E-DPCCH is illustrated in Figure 2, where a separate uplink channelization code is used for the control signaling. Code multiplexing is in line with the DPDCH/DPCCH structure used in R99 and is conceptually simple as the control and data parts are treated separately and independently. The following properties can be identified for this approach:

· Increased flexibility in setting the power difference between the data and control parts, which may help in supporting different hybrid ARQ operating points. It allows for different power settings for retransmissions, e.g., due to updated scheduling information or if a power-deboosting rule for retransmissions is implemented.

· The transmit power level of the channels will not change in the middle of a slot.

· The E-DPCCH peak power requirements are smaller than for the TDM case.

· The spreading factors for both the E-DPCCH and the E-DPDCH are fixed during the duration of the (sub-)frame.

· Control signaling is distributed over the whole slot, ensuring good time diversity. If the E-DPCCH is to be used for improving the channel estimates (either with or without activity-dependent pilots), the extra “pilot” energy is distributed over the whole (sub-)frame, which is beneficial for channel estimation.

The peak-to-average ratio, which is a potential concern for any multi-code transmission scheme, is modest in this case as the transmitted signal typically is dominated by the higher-power E-DPDCH(s).

Regarding the timing relation between the E-DPDCH and the E-DPCCH, it s recommended to adopt the same basic principle as for R99, i.e., the E-DPCCH is transmitted in parallel to the E-DPDCH. Schemes where the E-DPCCH is transmitted prior to the E-DPDCH would negatively impact the overall delays, which clearly is unattractive.
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Figure 2: Code multiplexing of E-DPDCH and E-DPCCH.

4. Conclusions

Based on the discussion above, the following proposals are made:

· The E-DPCCH corresponds to an uplink channelization code separate from all other uplink channels.

· The E-DPCCH information is transmitted simultaneously as the corresponding data on the E-DPDCH.
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