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1.  Introduction

The uplink control signalling required to support E-DCH can be classified as follows.

· Information accompanying E-DPDCH

· Scheduling information needed to support Node B controlled scheduling

In this contribution, we discuss about the characteristics of each control signalling and an efficient way to carry those signalling to the Node B.

2. Information accompanying E-DPDCH
There should be associated control information if E-DCH is transmitted. This section discusses the required information in case of E-DPDCH transmission. 
· E-DCH TF index
· 6 bits. 
· It is used to derive the transport block size, the spreading factor, the number of code channels, and the used code channels. It also can provide the information about the E-DPDCH gain factor.

· RSN (Retransmission sequence number)
· 2 bits. 
· RSN helps the HARQ operation by mapping the number of transmission to the redundancy version.

· Rate request bit
· When there is E-DPCCH transmission, 1-bit rate request saying that the UE is not happy with the currently allowed rate and can support higher rate would be helpful for scheduling in the serving cell. 

· The rate request indicates “UP”/”No UP”. If UE wants to increase the data rate, then it can set this rate request bit as UP (“1”).

So, total 9 bits are transmitted on E-DPCCH accompanying E-DPDCH. For the channel coding of E-DPCCH, it is better to use the existing coding scheme. 

3. Detailed scheduling information

Providing the detailed information about the UE buffer/transmit power status would be helpful for improving scheduling efficiency by taking into account different status of different UEs. However, one bit rate request would not be able to provide such detailed information. Furthermore the rate request can only be signalled when there is E-DCH transmission. So it is proposed that detailed scheduling information should be informed to the serving cell as follows.
· Buffer status: The current data size stored in the buffer

· Transmit power status. Power margin, DPCCH transmit power or possible E-TFI that UE can transmit
This section discusses this detailed scheduling information in the forms of how, why and when.
Buffer status
By receiving the buffer status report from each UE, the scheduler can know how much data is currently stored in the UE buffer.

The Node B cannot predict occurrence of data in the UF buffer without any information. Hence, it would be a natural and efficient way that the UE will trigger the buffer status reporting when new data occurs. This approach can be considered as event-triggered reporting. 

On the other hand, reporting the buffer status whenever new data occurs may result in frequent reporting unnecessarily for certain traffics that continuously generate small amount of new data, e.g., for streaming traffic with low data rate. Hence, it is FFS how to define the event so that the required uplink signalling power (or equivalently interference) overhead is minimized while enabling efficient scheduling. 

Transmit power status

Transmit power status reveals available power margin at the UE transmitter. Power margin information would help the scheduler know the maximum data rate that can be supported by the UE, so this can prohibit the scheduler from allowing more uplink resource than the amount the UE can use. Furthermore, if the Node B is informed about the UE maximum allowed transmit power (e.g. via NBAP signalling from RNC), it can estimate the transmit power level, from which the uplink channel condition can be estimated. The uplink channel condition then can be used for channel sensitive scheduling to reduce the inter-cell interference e.g. by allowing higher data rate to UEs located closer to Node B.
Regarding the frequency of transmit power status reporting, the simulation results in [1] showed that the long term reporting of the transmit power status information such as once per 100 TTIs is enough to get enough system throughput performance. The simulation results also showed that the transmit power status doesn’t have to be such an instantaneous value but can be averaged value of a predefined duration. Namely, UE transmits power status by event-triggered way, e.g. only when there is a change of transmit power larger than a threshold compared to the latest report. However, it is FFS how to define the event for signalling of transmit power status.
It is worth noting that the transmit power status report would not be needed when there is no data in the UE buffer. 
Both the buffer status information and the transmit power status information need multiple bits but there seems no room for that information in the physical channel, i.e. E-DPCCH. MAC-e signalling seems to be a suitable way to transmit these parameters. MAC-e signalling can provide enough flexibility to accommodate irregular signalling and hence would be able to avoid inefficiency expected in L1 signalling. And it is noted that scheduling performance could be improved by giving the Node B more detailed buffer information, e.g., amount of data per each priority, since E-DCH supports multiple priorities (QoS). Reporting of the data amount per priority should be naturally flexible. MAC-e signalling would also fit well with this situation. 

There would be some additional aspects for the MAC-e signalling of scheduling information. 

· In SHO, this scheduling information is more required at serving E-DCH cell rather than other non-serving E-DCH cell(s). So it should be ensured that this information reaches to the serving E-DCH cell. This can be achieved relying on the HARQ operation as follows: In case of MAC-e signalling of the scheduling information, if UE continues retransmissions until it receives ACK from the serving E-DCH cell and neglect ACK/NACK from non-serving E-DCH cell(s), then the scheduler in the serving E-DCH cell is guaranteed to acquire this scheduling information. 
· MAC-e signalling would be better to be transmitted as quickly as possible with low delay. So additional power offset or higher QoS attribute might be given to E-DCH which includes MAC-e signalling.
4. Conclusions
In this paper, we have discussed about the required uplink control signalling. 
We propose to agree on the following recommendation on E-DPCCH and capture it into the CRs for introducing E-DCH. And, it also should be informed to RAN2.
Recommendation for E-DPCCH:
· A [6 or 7] bit E-DCH TF index, a two bit RSN, and a one bit rate request are channel-coded together. This information should be transmitted over 2ms subframe for 2ms TTI. In case of 10ms TTI, 5 times repetition is recommended to reduce the uplink signalling overhead.
· SF for E-DPCCH = 256.

· The [9 or 10] bit information is channel coded to 30 bits using existing (30, 10) TFCI coding scheme. 

And, we also propose to agree on the following recommendation on scheduling information and inform it to RAN2/3 (e.g. via LS) to help their further works on this issue. 
Recommendation for scheduling information:

· The UE buffer/transmit power status is reported to the Node B in an event-triggered way through MAC-e signalling. Possible examples are when a new data occurs in the UE buffer or when there is a big change in transmit power status. Detailed definition of the events is FFS.
· It is noted that the transmit power status needs not to be reported when there is no data in the UE buffer.
· Signalling of the UE maximum allowed power to the Node B from RNC would help efficient scheduling operation.

· To ensure the scheduler acquires the buffer/transmit power status, the UE in SHO should continue retransmissions of E-DCH containing the MAC-e signalling until it receives ACK from the serving cell.
· Need for assigning high QoS attribute for the MAC-e signalling is FFS.
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