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1 Introduction

E-DCH is envisaged to carry many different mixes of traffic including Real Time and Non-Realtime.  A variety of packet scheduling schemes are possible for Enhanced Uplink DCH.  Each of course has its own merits and associated performance for different traffic mixes.  Whilst some are optimised for throughput, others are for example optimised for fairness or delay.   
Moreover, the traffic mix will depend very much on the popularity of various applications and business models of the network operators, neither of which can be predicted with any accuracy in advance.

Therefore the operators must be able to implement the best packet scheduling algorithm to suit their traffic mix and business model of the day.  Moreover, the operators must be able to change or re-optimise the scheduling functionality if their traffic mix and/or business models change. 

All currently proposed scheduling schemes require some form of signalling between Node B and UE.   We need to ensure that the specified signalling frame work is flexible enough to enable an adequate variety of scheduling algorithms to meet changing and future needs of the network operators according to their business models. 
This document attempts to capture general principles of signalling to support such flexible packet scheduling capability.
2 General principle of Uplink Scheduling for E-DCH
Generally the scheduler can be categorised into:

· Node B controlled

· Node B controlled and UE assisted

· UE controlled

· UE controlled and Node B assisted

However, from the network operation point of view UE controlled schedulers are undesirable.   Ability for the operator to control and define the scheduling policy is very important to ensure efficient network operation.   Although the scheduling decisions can be carried out in Node B or in UE or in part at Node B and in part at UE, ultimately the scheduling policy should always be controlled by the network to ensure stable and optimum operation of the system. 
A variety of UE assisted schemes have been proposed for E-DCH[2]. Compared to packet scheduling in R99, Release 6 aims to exploit the changing dynamics of traffic load more efficiently and thus improve capacity and delay performance of uplink packet transmissions[2].   To enable this it is essential to control transmissions from the UE based on up to date knowledge of:

· Buffer Status of UEs

· Power status of UEs

· Local Node- B measured channel quality estimate for each UE 

· Available interference Rise Over Thermal (RoT) margin or (threshold level) at the Node-B


3 Signalling Requirements of Node-B Controlled Scheduling

The required signalling can be divided in to 3 principle categories:

(1)  UE information to assist scheduling control at NodeB (UE to Node B) 

e.g.:

- Buffer status of UE
- Transmit power status of UE
(2)  Node B information to assist scheduling decisions at UE (Node B to UE)

e.g.:

- Permission to transmit

- Rate grant or restriction

- RoT or Tx power grant or restriction

- Available interference Rise Over Thermal (RoT) margin or (threshold level) at the Node-B
- L1 resource access priority or weight    

(3)  HARQ related information 

 e.g.:

· ACK / NACK          
(Node B to UE)
· New data indicator 
(UE to Node B)
4 Signalling Parameters in Enhanced Uplink
Figure 1 identifies general signalling elements for scheduling entity of E-DCH.  Each of these is explained in the following paragraphs.   
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Figure 1   Signalling Framework for support of Node B controlled Uplink Packet Scheduling
Uplink signalling:

1. Scheduling Information (SI) sent in uplink by the UE to the Node-B, illustrated in 
Figure 1, may provide the following information:

· Buffer occupancy in UE or buffer status information
· 
· Transmit power 
This information will assist Node-B in determining Scheduling Assignment.  SI can be periodic or event based. 
          

UE send data in uplink to Node-B after making a decision on final decision format.

2. New Data indicator (ND) sent in uplink by the UE to the Node-B to indicate transmission of new data and thereby assist operation of HARQ.
Downlink signalling: 

There are 2 categories of information for the downlink signalling as indicated in Figure 1.
1.  Scheduling Assignment (SA) signalled implicitly or explicitly by Node-B to UE which can be:
· Permission to Transmit, and duration

· Rate Grant

· RoT or Power Grant

This allows the Node-B to control and/or restrict transmissions from UE.

2.  Supplementary Scheduling Information (SSI) sent in downlink from Node-B to UE.  The supplementary information helps the UE to decide on the final rate, power and time of uplink transmissions. The following can be considered as supplementary information:
· a persistence parameter which helps UE decide its final transmission format [2], [3].

· To give UEs information about status of other UEs in terms of their buffer occupancy to perform a cooperative uplink scheduling [2], [4]. This information lets UE know about their standing among other UEs served by that Node-B in terms of buffer load. Based on this comparative information from Node-B, UE with a good buffer filling status should slow down its transmission to let UEs with critical buffer filling status send their data avoiding poor QoS and buffer overflow for these UEs.

· a scheduling weight which helps UE select the scheduling assignment or combine multiple issued scheduling grants from multiple involved Node-B in soft handover [2].

· Autonomous resource utilization factor, to indicate the maximum amount of resources a non-scheduled UE may use. [5].
· Uplink resource (capacity or RoT) utilisation [6]
· L1 resource access priority  or weight     
The supplementary information can be transmitted via common, shared or dedicated E-DCH control channels and can be either on periodic or event based. 
3.  Ack/Nack signalled by Node-B to UE indicates the successful reception or failed attempt at Node-B to receive the uplink data.   
5 Conclusions and proposals

It is proposed to adopt the above generic signalling framework as a basis to develop the detailed signalling required for a flexible packet scheduling entity that would allow operators to optimise the system for a wide variety of traffic mixes that is dependent on the popularity of applications and on the operators’ business models, both of which will change with time. 
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