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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 principle and employment of CRC
Uplink signaling in E-DPCCH 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. 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.

As discussed above, ETI and SI are necessary information for uplink signalling and the absence/presence of each signaling should be detected by Node B. For this purpose, Node B may perform a threshold detection to the received energy at each signaling position. In figure 1, we show a simulation result of threshold detection with simulation assumptions in table 1. As shown in the  figure, the missing probability and false alarm probability varies rapidly according to the threshold value, and it would be difficult to keep an appropriate threshold value in various channel environments. Therefore, the threshold detection cannot guarantee a reliable detection performance and the erroneous detection could result in high BLER in the uplink signaling or inefficient operation at Node B.

Table 1. simulation assumptions

	TTI
	2 ms

	number of information bits
	10 bits

	channel coding
	(30, 10) block coding (same with TFCI coding)

	channel estimation
	averaging 6 pilot bits

	power control
	ON

	channel environment
	flat fading channel
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Figure 1. Performance of threshold detection

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. Using CRC will increase the required transmit energy of the uplink signaling. In table 2, we compare the Eb/No values required when CRC is used and when threshold detection is used. In case of using CRC, we assumed missing or false alarm probability is negligible and additional 3 dB is required to achieve the same BLER compared with the case of neither CRC detection nor threshold detection. As shown in the table, transmission with CRC does not require considerable additional energy when compared with the case of threshold detection with the false alarm rates of interest. Therefore we propose to use CRC in detecting uplink signaling since it can guarantee reliable detection performance without considerable loss of transmission energy.

Table 2. Comparison of required Eb/No for threshold detection and CRC attachment

	Target BLER (including missing prob. in case of threshold detection)
	Required Eb/No with threshold detection [dB]
	Required Eb/No with CRC [dB]

	
	P{false alarm}= 0.05
	P{false alarm}= 0.01
	P{false alarm}= 0.001
	

	0.01
	14
	14.8
	15.6
	14.9

	0.001
	17.7
	18.5
	19.3
	18.8


4. E-DPCCH structure

In this section, we propose possible E-DPCCH structures with 2 ms TTI. With 10 ms TTI, the structure with 2 ms TTI may be repeated 5 times. Figure 2 shows three possible structure of E-DPCCH with CRC attached to the ETI and SI. CRC can be attached to both ETI and SI separately like in Figure 1 (a). In this case, the number of bits allocated to CRC may be excessive. Especially, if we assume 10 information bits for ETI, 10 information bits for SI and 10 CRC bits for each information, the total number of information bits is 40 bits. In this case, the achievable channel coding rate for 2 ms TTI is only 2/3 when we assume SF = 256 for E-DPCCH.

Another way is to attach CRC only to ETI whose contents are relatively more important than SI, which is shown in  Figure 1 (b). In this case, the total number of information bits may be 30 bits. In this case, it is difficult to apply convolutional code to this structure since the channel coding rate after attachment of tail bits would be approximately 2/3 when we assume SF=256 for 2 ms TTI. In this case, the ETI part and CRC part may be encoded separately and the channel code for  Rel-99 TFCI may be reused for encoding each part.

However, it is desirable to guarantee the detection performance of SI as well as ETI. For this purpose, the other way is to attach a CRC used commonly by ETI and SI, which is shown in Figure 1(c).

	ETI
	CRC    for ETI
	SI
	CRC   for SI


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

	ETI
	CRC for ETI
	SI


 (b) Frame format for ETI, SI and CRC for ETI

	ETI
	SI
	Common CRC for ETI and SI


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

Figure 2. Frame formats for various configurations of ETI and SI

The common CRC can be generated by the following rules:

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. The channel code for Rel-99 TFCI may be reused to encode each part.

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.

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

- 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.

- CRC is attached to ETI and SI.

- With 10 ms TTI, the E-DPCCH structure of 2 ms TTI is repeated.
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