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1 Introduction

UMTS R99/R4/R5 DCH specifications rely on autonomous uplink transmissions from the UE with limited network control. The current procedure is to establish a Transport Format Combination Set (TFCS) via Radio Resource Control (RRC) messaging between the RNC and the UE. Since the primary control for TFCS reconfiguration resides at the RNC, only slow changes are possible. 

For the enhanced uplink, it is desirable to achieve better rate control through reduced latency in feedback/rate reconfiguration and improved rate granularity. This allows fast variations in channel quality to be better exploited in order to achieve the desired throughput/capacity improvements. Furthermore, since simultaneous autonomously transmitting UEs may cause significant interference to each other, it is also desirable to manage interference from different UEs more efficiently through scheduling.  In order to achieve this it is generally agreed that the Node B needs to perform some MAC operations.

In this contribution, we present a text proposal that presents an overview of the two ways in which UEs can schedule an uplink transmission. In the first method, referred to as Node-B controlled scheduling, the Node-B sends explicit schedule grant messages to the UE dictating precisely the TTIs in which the UE can transmit. The second, referred to as autonomous transmissions, allows the UE to determine the time of transmission autonomously under some rate/power supervision that is signalled by the Node-B. The exact physical/MAC layer enhancements necessary to support these two methods are outside the scope of this contribution. Section 2 is a text proposal for inclusion in Chapter 7 of the TR 25.896, under subsection 7.1 on scheduling. 

2 Text Proposal for TR 25.896

-------------------------------- Start of Text Proposal for TR 25.896 ---------------------------------------------

7.1 Scheduling

For E-DCH, the following modes of operation are of interest:

1. Node-B Controlled Scheduled Transmissions.

2. Autonomous Transmissions with Node B Control/Supervision.

These modes of operation are further elaborated below, with a separate discussion on associated signalling information that may be exchanged between the Node-B and UE while in these modes. 

7.1.1 Node-B Controlled Scheduled Transmissions

In a scheduled mode of operation, Node B determines which UE(s) transmit on the uplink, the start time(s) of each transmission, and duration. The Node B’s may decide which UE(s) are allowed to transmit and the rate (or equivalently power) at which they can transmit on a per TTI basis based on some knowledge of the following information which may be signalled to the Node B by the UE:

· Buffer status of each UE

· Power margin of each UE

· Channel quality estimate for each UE 

Node B controlled scheduling has several advantages. Reduced latencies in rate control, exploitation of fast channel quality variations, more precise RoT control (i.e., better interference management), and consequently, much better efficiency for a given RoT constraint are enabled through such Node B controlled scheduling. Furthermore, the scheduled mode can precisely control how many users transmit in a given time interval. In the uplink of CDMA systems, simultaneous transmissions always interfere with each other. Therefore, the scheduled mode can even ensure that always, for example, only one user transmits at a time, thereby, potentially enhancing throughput.
There are two main drawbacks with the scheduled mode, both related to soft handoff operation. Scheduling UEs in soft handoff without any coordination between Node Bs in the active set could lead to RoT violations that significantly impact power controlled channels. In the absence of coordination, different scheduling decisions by Node Bs in the active set are possible. As a result, depending on the final rate at which the UE transmits, there may be an inefficient utilization of the noise rise bin or RoT violations at some of the Node-Bs in the active set of the UE. Additionally, the latency associated with scheduled mode may make it unattractive for short but high priority data transactions. For example, if a TCP ACK needs to be sent, the latency becomes more important than the bit-rate at which it is transmitted.

7.1.1.1 Signalling Associated with Node-B Controlled Scheduled Transmissions

For Node-B controlled scheduled transmissions, the Node-B needs to send schedule grant messages to the scheduled UE(s). These messages contain one or more of the following information:

· H-ARQ parameters, if physical layer/MAC layer H-ARQ between UE and Node-B is present. These parameters can include

· H-ARQ process number

· H-ARQ redundancy version, if incremental redundancy is used

· New data indicator

· Transport block size indicator

· Modulation and coding scheme or, equivalently, channelization code set and modulation

· Suggested pilot power and traffic-to-pilot ratio to be used by the UE for the transmission. 

The parameters signaled by the UE along with each transmission may include one or more of the following information:

· H-ARQ parameters, if physical layer/MAC layer H-ARQ between UE and Node-B is present. These parameters can include

· H-ARQ process number

· H-ARQ redundancy version, if incremental redundancy is used

· New data indicator

· Transport block size indicator

· Modulation and coding scheme or, equivalently, channelization code set and modulation

UE signaling of the parameters above is done out-of-band. The exact parameters that are signaled by the UE or the Node-B depend on the exact method of operating scheduled mode, and, in particular, depend on whether the UE is allowed to override some or all of the values commanded by the Node-B. For example, if the UE is in SHO, and receives multiple conflicting schedule grant messages from more than one Node-B in the active set, then it may be necessary to signal some or all of the values above.

Additionally, the UE may also signal the following information to the Node-B:

· Buffer status at the UE

· Power margin availability at the UE

This signaling may be periodic or event-triggered.

The exact method of exchanging some or all of these messages is for further study.

7.1.2 Autonomous Transmissions with Node-B Control/Supervision

The main difference between this mode and the scheduled mode is that the Node B does not explicitly determine which UE(s) transmit on the uplink, their start times and durations. It would typically specify an allowed rate either per UE or for all UEs based on the dynamic RoT variations. The UEs can then transmit autonomously but are expected to abide by the specified allowed rates by the Node B. UMTS R99/R4/R5 specifications currently allow such autonomous transmissions but only slow and conservative changes are possible, since the responsibility for rate control lies on the RNC.  UE based rate determination algorithms with Node B control or supervision that allow more efficient noise rise management and reduction of latencies in RNC based TFCS reconfiguration are for further study.

The advantages of the autonomous mode of transmission are two-fold. Firstly, when only a small amount of data needs to be sent (e.g. TCP ACKs or HTTP requests) the latency and signaling overhead associated with the scheduled mode may be excessive. Secondly, in soft handoff, all Node Bs are aware that the UE can transmit at any time and therefore will attempt to decode the data. Therefore the UE can derive the benefit of macro-diversity.  The main drawback of the autonomous mode is that in simplex (non-soft handoff) mode with sufficient backlogged data, the achievable throughputs will be limited. This is because the Node B does not precisely control the transmission times of the UEs and, therefore, inherently, must follow a more conservative approach to assignment of allowable rates to UEs. For example, in its selection of allowable rate assignments for users over the duration of the next t seconds (say), the Node B may have to factor into the RoT constraint the likelihood that a large number of them may transmit.

7.1.2.1 Signalling Associated with Autonomous Transmissions

Since the UE determines the final parameters for each transmission, the parameters signaled by the UE along with each transmission will include one or more of the following information:

· H-ARQ parameters, if physical layer/MAC layer H-ARQ between UE and Node-B is present. These parameters can include

· H-ARQ process number

· H-ARQ redundancy version, if incremental redundancy is used

· New data indicator

· Transport block size indicator

· Modulation and coding scheme or, equivalently, channelization code set and modulation

UE signaling of the parameters above is done out-of-band. 

Additionally, the UE may also signal the one or more of the following parameters, or their equivalent, to the Node-B:

· Buffer status at the UE

· Power margin availability at the UE

The signaling of the parameters above can be out-of-band or in-band, and periodic or event-trigggered.

The Node-B signals the maximum rate that can be used by each UE for transmissions within some predetermined duration of time. This signaling may be periodic or event-triggered.
7.1.3 Co-existence of Scheduled and Autonomous Transmissions

For UEs that have only a small amount of backlogged data to send but are experiencing significant scheduling delays, it is beneficial to allow autonomous transmissions by the UE while awaiting schedule grants. Furthermore, when the UE is in SHO, in the absence of coordination between Node Bs, autonomous transmissions rather than scheduled transmissions from UEs may be used. On the other hand, the autonomous mode by itself calls for a somewhat conservative method of RoT management, while the scheduled mode offers the potential for much higher data rates compared with autonomous mode due to better RoT management.  

Network controlled switching between autonomous transmissions and scheduled transmissions is possible through physical layer or RRC signaling. However, this may introduce additional latencies and signaling overhead that are undesirable. Graceful transitions between soft handoff and simplex states and the ability to send small amounts of backlogged data without schedule grants may be better achieved by allowing simultaneous scheduled and autonomous E-DCH transmissions. 

-------------------------------- End of Text Proposal for TR 25.896 ---------------------------------------------
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