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1. Introduction

There have been discussions on the required signaling for HARQ, Node B scheduling and decoding for E-DCH. In this paper, we discuss the contents and the amount of the uplink signaling information and propose some methods of the coding and transmission of the uplink signaling.

2. Contents of the uplink signaling

Uplink signaling for E-DCH can be divided into two parts. One is information required to decode uplink E-DCH packet and the other is information required for Node B scheduling. We discuss the detailed contents of that information in the following.

2.1 Information on the E-DCH transmission

( E-TFCI

There was decision that only one transport block from only one transport channel was allowed within a TTI. In addition to that, if we assume there exists only one transport channel, 5 bits seems to be sufficient for the signaling of the E-DCH transport format.

( Redundancy version

It was agreed on employing both of Chase combining and Incremental redundancy as HARQ schemes for E-DCH. We support the view of [1] that excessively high code rate is not necessary for uplink E-DCH. In this case, 2 systematic RVs and 1 or 2 non-systematic RVs would be sufficient to support both HARQ schemes. That is, 2 bits for RV field would be reasonable.

( Sequence number

In SHO, there is possibility that a cell with unstable radio link loses E-DCH control information consecutively. In such case, sufficiently long cycle of sequence count is necessary to avoid wrong soft-combining of uplink E-DCH packets. 3 bits would be enough.

2.2 Information for the scheduling

( Data size in the MAC buffer and available UE transmit power

Several types of scheduling information were proposed. Basically, Node B scheduler should know how large the data size in MAC buffer at UE is and how much power the UE can transmit. However, it is quite difficult to calculate what the maximum data size would be and how fine resolution is needed for an efficient scheduling. One method to simplify the signaling is to signal the predicted TFC as suggested in [2]. Predicted TFC should be defined as the TFC that UE would select within maximum UE transmit power. The required number of the bits for signaling of the predicted TFC is equal to that for the signaling of E-TFC and Node B can know how much data the UE can transmit within the maximum transmit power. However, required time duration to transmit all the data in the MAC buffer with the predicted TFC should also be signalled as well as the predicted TFC so that Node B can know the size of total data waiting in the MAC buffer of a UE. This signaling may not need so many bits if Node B would not schedule very long TTI to one UE at one time.

In summary, 5 bits of predicted TFC and equal or less than 5 bits of required transmit duration would be enough.

( Priority of the data in the MAC buffer

E-DCH data priority within one UE will be treated by MAC within each UE. However, it is not decided yet whether data priority between UEs should be handled dynamically by Node B scheduling. Our preference is not to make closed-loop handling of E-DCH data priority between UEs. It should be noted that UE-based (not data-based) priority handling may still be possible by RNC by a semi-static manner.

3. Uplink signaling principles

Uplink signaling in E-DPCH can be split by two parts, that is, E-DCH transmission information (ETI) and scheduling information (SI). Transmission of ETI part and SI part should be independent each other, that is, 4 combinations of  (ETI, SI)/(ETI, none)/(none, SI)/(none, none) are possible every TTI. 

According to the type of uplink traffic or the operation of Node B scheduling, E-DCH packet transmission might be very burst type. Therefore, it is desirable not to transmit ETI part when there is no uplink E-DCH transmission to save the uplink transmit power and reduce the uplink interference. In this case, absence or presence of the ETI in a TTI should be detectable.

SI may be transmitted only when the level of change in buffer status or transmit power status of a UE exceeds a certain threshold. Or, this change-based scheme might be combined with periodic SI transmission so that the frequency of SI transmission can be optimized by adjusting the threshold level and transmission period. In these cases, absence or presence of the SI in a TTI should be detectable.

4. Transmission of uplink signalling
As discussed above, ETI(E-DCH transmission information) and SI(Scheduling Information) are necessary information for uplink signalling. The simple frame format composed of only ETI and SI is shown in Figure 1 (a). When only ETI and SI are transmitted, the detection of absence/presence of ETI and SI could be done by so called threshold detection. However the threshold detection cannot guarantee a reliable detection so that the misdetection could result in the waste of time and power. 

In order to avoid the threshold detection, CRC can be introduced. If CRC is attached at the end of the ETI and SI, the absence/presence can be decided according to the CRC check sum. When the CRC check sum is erroneous, one can decide the information was not transmitted; while the CRC check sum is correct, the information was transmitted.

There are two methods attaching the CRC to the ETI and SI. One is to attach CRC to both ETI and SI separately like in Figure 1(b), another is to attach a common CRC shown in Figure 1(c).

Both attachments of CRC help the receiver decide easily the absence/presence of the ETI and SI without threshold detection. The separate CRC method is simple, but it requires approximately two times of resource for CRC compared with the common CRC. On the other hand, the common CRC method utilises the resource efficiently. 
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(a) Frame format for ETI and SI only
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	CRC    for ETI
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	CRC   for SI


 (b) Frame format for ETI, SI and separate CRCs

	ETI
	SI
	Common CRC for ETI and SI


 (c) Frame format for ETI, SI and common CRC

Figure 1. Frame formats for various configurations of ETI and SI

The detailed features of the common CRC are as follows:

· Generation of the common CRC

1) When only ETI is transmitted, CRC is generated by inputting ETI bits into the CRC shift register.

2) When only SI is transmitted, CRC is generated by inputting SI bits into the CRC shift register.

3) When both of ETI and SI are transmitted, CRC is generated by inputting ETI bits and SI  bits sequentially into the CRC shift register.

4) When neither ETI nor SI is to be transmitted, CRC is not generated nor transmitted.

After generating CRC, ETI, SI and CRC parts are channel coded and transmitted separately.

· Test of the common CRC

Node B can detect the absence or presence of ETI part and SI part by testing CRC checksum with the cases of 1) to 3) described above. When CRC test fails with all the cases, Node B decides that none of ETI and SI was transmitted.

· Structure of the common CRC

Regarding detailed structure of uplink signaling channel, separate uplink physical channel may be assigned to the uplink signaling channel. For example, ETI part, SI part and CRC part can be separately channel-coded.

5. Conclusions
In summary, we propose the following methods of uplink signaling for E-DCH.

- Contents of ETI: E-TFCI 5 bits, RV 2 bits, sequence number 3 bits

- Contents of SI: predicted TFC 5 bits, required TTI 5 bits

- One physical channel is dedicated to the uplink signaling.

- ETI is transmitted only when there is uplink E-DCH transmission.

- SI is transmitted when there is certain level of change in the buffer status or transmit power status of UE

- ETI and SI are transmitted independently to each other

- Common CRC for ETI and SI is used

- ETI, SI and CRC parts are channel coded separately and transmitted on one physical channel by TDM
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