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1. Introduction

During RAN1#39, RAN2#44 and subsequent e-mail discussions, outstanding aspects of scheduling signalling required for E-DCH have been considered in order to reach conclusions for stage 3. This paper outlines some outstanding issues relating to uplink signalling, absolute grants, relative grants and overload indicators. Resource management in SHO is addressed in another contribution [2].
2. Uplink signalling

E-DPCCH contents
It has been agreed that physical layer uplink signaling should consist of 10 bits on E-DPCCH; split as 6 E-TFCI, 2 bits RSN, 1 bit scheduling request and 1 bit TBD. This implies that it is not possible to request more than an incremental increase in resources using physical layer signaling, and requests for absolute grants will need to be contained in a MAC-e control PDU.

Options for the additional bit include:

· A priority indicator, relating to the urgency of the scheduling request

· This priority indicator is, of course more useful when the scheduling request is “up”; it could possibly be considered to use the scheduling bit and priority bit as a 4 state indicator; down, up step size 1, up step size 2 (low priority), up step size 2 (high priority)

· An indicator as to whether “boosted mode” (i.e. increased power for high priority transmissions) has been used for the accompanying E-DPDCH transmission

· Such information might help in managing scheduling and power control loops

· Information relating to the MAC-d flow to which the transmission relates, and hence associated QoS may be accessible anyway after decoding of the MAC-header. For outer loop power control, the 1 bit indicator would anyway need to be passed to the RNC.
· TXI, an indicator if a transmission is expected in the next TTI

· The TXI indicator can assist the Node B, with some architectures, to allocate dispreading resources as it has knowledge of which UEs will transmit in the following TTI.

· As this is a 1 bit indicator and has no additional delay for SHO UEs, it is not much use for managing SHO resources. Otherwise its usefulness is restricted to certain implementations.

· An indicator as to whether the maximum number of HARQ retransmissions has been reached
· This is only useful if the percentage of RLC retransmissions is expected to be high

· The bit is not used; i.e. only 9 bits are transmitted

Of these options, it seems that the boosted mode information can be obtained elsewhere and the TXI and max HARQ retransmissions indicators are of limited usefulness. On the other hand the priority indicator can be useful in enabling the scheduler to differentiate between resource requests. Therefore we would see the priority indicator as the best usage of the additional bit, which allows for 10 E-DPCCH bits and re-use of the existing (32,10) coding structure.
E-DPCCH structure

Assuming the E-DPCCH contains 10 bits, two alternatives for the structure have been discussed:

· (32,10) Reed Muller block coding, using the same structure as for TFCI

· Addition of a CRC and (26,60) convolutional coding

Different opinions have been expressed on the e-mail reflectors relating to performance and Node B complexity. With no clear performance benefit for CRC and additional decoding complexity, it would seem preferable not to use a CRC unless a significant extra benefit is envisaged.

3. Downlink signalling

Absolute Grant and Relative Grant channels

Structures for the E-AGCH and E-RGCH have been more or less agreed:

· Hadamard code multiplexing of relative grants
· Absolute grant channel to include absolute grant, possibly 1 or 2 bits relating to duration (differentiating, for example between infinite and finite, or two pre configured values) and UE ID mask to CRC. Convolutionally coded onto 3 slots

For the 10msec TTI, one aspect to be considered is whether the duration of these channels should be extended to 10msec or kept as 2msec. It would seem preferable to keep the 2msec structure, since otherwise the RTT for the 10msec TTI is increased. Time offsets between UL E-DCH transmissions should ensure that the corresponding grant transmissions can be time offset in order to avoid fluctuating power requirements for the grant channels.

Overload indicators

Overload indicators are used by non serving cells to indicate an RoT or resource limit has been exceeded. Then overload indicators may be UE specific or common to UEs in SHO with a particular cell, or a mixture of the two. The indicators may be dual state (down/don’t care) or tri state (down/keep/don’t care).
· For giving flexibility to non serving schedulers to be able to allocate resources within their cells whilst not experiencing unexpected load rises from their SHO UEs, a tri-state signalling would seem desirable. However since the schedulers are independent, a situation could easily arise in which all cells send “keep” and lock SHO UEs.

Some discussion has also taken place on whether it should be possible to distinguish between UEs with high and low priority data with respect to behaviour on receiving overload bits. A key question here is whether UEs as a whole would be treated as high or low priority or whether the classification would relate to MAC-d flows. Some solutions are as follows:

· Allow “high priority” UEs (or UEs with data buffered for a high priority MAC-d flow) to ignore overload bits 

· IF UEs are classified as a whole rather than MAC-d flows, there may be no need to specify such a behaviour; the UEs would simply not be configured to listen to the overload bit

· This solution gives non serving cells no control over “high priority” UEs

· Set two (or more) overload indicators relating to “high” and “low” priority UEs

· Again, if UEs are classified as a whole rather than MAC-d flows, there may be no need to specify such a behaviour

· Employ a UE based rule for interpreting overload indicators taking the priority of UE data as an input

· This solution allows control over both high and low priority UEs without the need for more signalling

· However flexibility for the network is more limited and testing may be more complex

4. Timing relationship between UL and DL signalling
There has also been some discussion as to whether grants should be per HARQ process and based on knowledge of whether there is a pending HARQ retransmission.

From a scheduling perspective, to allow accurate management of RoT and resources scheduling per HARQ process based on knowledge of retransmissions is preferable. In this respect, there is a known relationship between HARQ and scheduling timing, i.e.

· Scheduling requests are sent on E-DPCCH at the same time as a transmission on E-DPCCH

· Any accompanying absolute or relative grant is sent with the same timing as the ACK/NACK indicator

5. MAC-e signalling for scheduling

To support decisions on absolute grants by the scheduler, and long term management of UE buffer status, the possibility should exist to send scheduling information inside MAC-e PDUs. Suggested information to include in such headers is as follows:

· Buffer status for each Mac-d flow

· “Predicted TFC”, to indicate the TFC that the UE can support [3]
This information may be sent periodically, and/or following a significant change.

In soft handover, the MAC-e PDU may be received by a non scheduling node B. Therefore some modification to the UE behaviour on receiving ACKs is required for SHO:

· If an ACK is not sent by the serving node B, the UE should either 

· Make a retransmission of the signaling MAC-e PDU or
· Attempt to resend the PDU in the next available HARQ process

6. Conclusions

· E-DPCCH additional bit used as a priority indicator

· E-DPCCH coded using (30,10) RM code

· E-AGCH and E-RGCH keep 2msec structure also for 10msec TTI

· Scheduling request/grant timing is linked to HARQ timing

· MAC-e scheduling information includes buffer status and “predicted TFC”

· A rule is defined relating to UE behavior on receiving ACK/NACK from the serving cell only in SHO when transmitting MAC-e PDUs including scheduling signaling

The following aspects require some further discussion:

· Whether priority indicator and scheduling request bits on E-DPCCH should be completely separate or should jointly indicate 4 possible states (e.g. down, up step size 1, up step size 2 (low priority), up step size 2 (high priority)

· Whether Relative grants should be binary or tri-state

· Whether E-AGCH should contain an indicator of grant duration.
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