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1. Introduction

Scheduling for the E-DCH was briefly discussed at the joint RAN1/RAN2 session in Cannes, June 2004. No decisions on which scheduling schemes to support was taken, although a number of possibilities were captured in the minutes. This document addresses the options discussed in Cannes and suggests a way forward, taking different scheduling proposals made in the past into account.

2. Scheduling

E-DCH scheduling is based on uplink and downlink control signaling together with a set of rules how the UE shall behave with respect to this signaling. 

In the downlink, a resource indication (scheduling grant) is required to indicate to the UE the maximum amount of uplink resources it may use.

In the uplink, a resource request is required for the UE to request resources from the Node B.

2.1. Resource Indication

The scheduling grant is sent in the downlink and controls the maximum amount of shared uplink resources the E-DCH may use. Fundamentally, the interference level at the Node B is the shared resource for the uplink and from this perspective the quantity of relevance is the UE transmission power, although there may be other aspects influencing the scheduling decisions as well, e.g., QoS, Node B processing load or the downlink control signaling load. The maximum amount of resources can be expressed in several different ways, e.g., E-DPDCH/DPCCH power ratio, (E-DPDCH+DPDCH)/DPCCH power ratio, maximum TFC the UE is allowed to use, or bit rate at some stage in the coding chain. As the primary objective is to control the interference level in the network, controlling the E-DPDCH/DPCCH power ratio is the most straightforward solution. Note that the Node B can base its scheduling decision on whatever quantities it may find suitable. Specifying the resource grant in terms of an allowed set of TFCs, although possible, is less straightforward and may become complicated if different UEs have different TFCS configured.

Proposal: The scheduling grant controls the maximum allowed E-DPDCH/DPCCH power ratio.

2.2. Deterministic vs Probabilistic Grants

The scheduling grants and updates should be deterministic to provide tight and accurate control of the interference situation. Probabilistic grants, although they provide some control of the uplink interference load, typically do not provide as tight control of the load in terms of interference, Node B processing and control signaling.

Proposal: All grants are deterministic.

2.3. Common vs Dedicated Grants

If only common grants are used, the same grant is applied to all E-DCH UEs in the cell, while dedicated grants can be applied on individual UEs as well as groups of UEs. [Note that, in this section, the words “common” and “dedicated” does not refer to the type of channel used to convey the information, but to the nature of the information itself.]  For bursty packet data, it is beneficial for a single user (or small number of users) to get access to a large part of the uplink resources. At low load situations, both common and dedicated grants would fulfill this requirement, while at high loads dedicated grants are needed. Furthermore, a single cell-wide grant cannot allow for grouping users into different QoS classes. Note that dedicated grants transmitted on a common channel require the inclusion of a UE ID in the scheduling grant. Furthermore, the support of dedicated grants also allows for the possibility of cell-wide or group-wise grants by defining the appropriate IDs.

Proposal: Dedicated grants (grants applicable on a per-UE basis) are supported. Grants applicable for groups of UEs can be considered as a complement.

2.4. Rate of Change

To be able to rapidly react to traffic and interference variations and to enable time scheduling, fast updates of the resources a UE may use are required. Hence, it should be possible to send a scheduling grant once per TTI. The validity period of a grant is typically one TTI. If beneficial, longer periods could be envisioned by including a “validity period” field in the scheduling grant or by setting the validity period in advance through higher layer signaling. A scheduling grant is valid until the end of the validity period or until a new grant supersedes the old one.

Proposal: Scheduling grants can be sent once per TTI.

2.5. Absolute Grants

In principle, a scheduling grant can be absolute, i.e., provide an absolute limitation of the maximum amount of uplink resources the UE may use, or relative, i.e., increase or decrease the resource limitation compared to the previously used value. 

Absolute signaling allows for rapid changes in the data rates used by the E-DCH. Thus, to meet the requirement of “immediate” access to high data rates set by most packet data applications [1] and to allow for rapid reaction to sudden interference variations, the signaling scheme adopted should support signaling of absolute grants. Absolute grants also allow time scheduling to be supported.

Proposal: Absolute scheduling grants are supported.

A shared channel (c.f. HS-SCCH) is proposed for transmitting the absolute scheduling grant as the number of bits expected per grant may prove too costly to transmit on dedicated resources to each user. At least one resource grant channel is configured in the cell, but multiple grant channels may be useful, e.g., for support of different priority classes or if multiple UEs are to be scheduled in parallel using time-and-rate scheduling. Which grant channel(s) a UE shall monitor is determined by higher layer signaling. A similar approach was adopted for HSDPA, where the UE monitors one or several HS-SCCHs to receive the control information.

Proposal: A shared channel is used to transmit the absolute scheduling grants.

An absolute scheduling grant transmitted on a shared (common) channel consists of (at least)

· Identity of the UE(s) for which the grant is valid.

· Maximum resources the identified UE(s) may use.

The start time is preferably defined as the start of the upcoming (sub-)frame in the uplink, possible with some minimum UE processing time added. Additionally, the duration and an indication of the autonomous resource utilization for non-scheduled UEs can be included in the scheduling grant if found beneficial. Note that support for scheduling of groups of UEs (in addition to individual UEs) does not have any implications on the control channel structure, and can be achieved simply by defining additional values for the ID field as shown in [1].

Proposal: The absolute scheduling grant contains at least the identity of the UE (or group of UEs) for which the grant is intended and the maximum resources the UE(s) may use. 

2.6. Relative Grants

Relative signaling increases/decreases the amount of uplink resources the UE is may use by one step (or a few steps) per signaling message. Hence, it can neither provide “immediate” access to high data rates, nor rapid adaptation to sudden interference variations. However, as the signaling cost typically is smaller for relative updates (single bit) compared to absolute grants (multiple bits), relative updates can serve as a complement to absolute grants and allow for fine tuning the data rate once the packet transmission has started.

Proposal: Relative grants (updates) are supported as a complement to absolute grants.

Relative grants are preferably transmitted on a dedicated resource as they are intended for frequent (e.g., every TTI) but relatively small adjustments of the resource usage. Furthermore, the number of bits per relative grant is expected to be small. The relative grant could be transmitted on the DPCH through puncturing (or similar), although this would affect the R99 DPCH performance and also creates a dependency between the R99 processing and the E-DCH processing. Reserving a bit on the F-DPCH is possible, but the F-DPCH (if introduced) may not always be used in conjunction with the E-DCH. A third alternative is to transmit the relative grant in the same way as the ACK/NAK, e.g., by using different Walsh codes to multiplex multiple users onto a single channelization code [2]. The last approach also simplifies the joint interpretation of absolute and relative grants as they arrive to the UE with the same timing.

Proposal: Dedicated resources are used to transmit relative grants to each UE.

A relative grant transmitted on a dedicated resource should at least be able to indicate increase and decrease with a single unit (e.g., the resource indication expressed in dB). Additionally, the possibility to keep (not change) the resource utilization may prove useful (three state signaling, UP/DOWN/HOLD). 

Proposal:  The relative grant consists of a single (binary or ternary) bit.

2.7. Precedence of Grants

If both relative and absolute grants are received, it is necessary to determine which one the UE shall obey. The absolute grants are used to rapidly change the resource utilization of a UE, but a certain UE may not be addressed in every TTI. The relative grants are transmitted frequently (once per TTI) but allow only a small adjustment for each transmission. If the relative grants have priority of the absolute grants, the purpose and advantages of an absolute grant disappear. Thus, the basic principle should be that absolute grants have priority over relative grants. Alternatively, if the relative grants may take a third value, HOLD, indicating neither UP nor DOWN, a joint interpretation of the two grants could be considered such that the final grant equals the absolute grant plus/minus the relative update. Also, not that operation in soft handover may call for exceptions to the rule of absolute grants having priority over relative grants as discussed in Section 2.8.

Proposal: Absolute grants have priority higher than (or equal to) relative grants in non-SOHO situations.

2.8. Operation in Soft Handover

For the sake of simplicity, it is proposed that a UE shall only obey absolute grants from a single cell, the serving cell. Furthermore, to reduce the power required for downlink signaling, it is proposed that the serving cell is the cell with the best (long-term) downlink conditions. Hence, in case of simultaneous HSDPA and E-DCH operation, the same cell is the serving cell for both of them. This may also allow reusing (parts of) the HSDPA mobility procedures for E-DCH cell change.

Relative grants could, in principle, come from multiple cells, although clear rules on how to obey multiple relative updates are required. One possibility is to apply the or-of-the-downs rule as done for the TPC processing. Alternatively, a down signal from any of the non-serving cells could be interpreted as an “overload indication”, forcing the UE to use less resources that was assigned by the serving cell in an absolute grant
. 

Proposal: A single cell (serving cell) is responsible for the absolute grants in soft handover. The cell with the best (long-term) downlink quality is the serving cell (same as for HSDPA).

2.9. Interaction with Hybrid ARQ

The interaction between hybrid ARQ and scheduling depends on the outcome of the hybrid ARQ protocol discussions, especially with respect to asynchronous vs synchronous operation. If a synchronous scheme is used, the time when the retransmission occurs is well defined and there is no need to explicitly schedule the retransmission time from the network. To be able to handle sudden interference variations in the system, it is beneficial if the network has the possibility to influence the transmission power used for the retransmission. In case of a sudden increase in the load, the network can reduce the amount of resources (E-DPDCH/DPCCH power ratio) the UE is allowed to use to avoid overloading the cell. The transport block size (and hence the data rate) is of course unaffected by this and the transmitted energy can still be exploited by the soft combining mechanism.

Proposal: The UE obeys any changes in the E-DPDCH/DPCCH power ratio also for retransmissions.

2.10. Uplink Request

In the uplink, a resource request is required for the UE to request resources from the Node B. As a minimum, the resource request should allow the UE to indicate to the Node B that it can utilize additional resources than it is currently using, i.e., has data in its buffer and is not power limited. This could in principle be done with a single bit. Additional information, e.g., priorities and more detailed reports on the buffer status and power situation can be considered, although it is important to keep the uplink signaling load in mind.

Proposal: A scheduling request sent in the uplink consisting of (at least) one bit is supported.

3. Conclusion

A scheduling scheme taking previous proposals into account has been proposed. In the proposed scheme, the UE monitors both a common channel used for absolute scheduling grants from the serving cell and a relative grant (update) transmitted on a dedicated resource from at least the serving cell.

It is proposed to agree on the following items as a basis for the scheduling schemes supported by the E-DCH: 

· The scheduling grant controls the maximum allowed E-DPDCH/DPCCH power ratio.

· All grants are deterministic.

· Dedicated grants (grants applicable on a per-UE basis) are supported. Grants applicable for groups of UEs can be considered as a complement.

· Scheduling grants can be sent once per TTI.

· Absolute scheduling grants are supported.

· A shared channel is used to transmit the absolute scheduling grants.

· The absolute scheduling grant contains at least the identity of the UE (or group of UEs) for which the grant is intended and the maximum resources the UE(s) may use.

· Relative grants (updates) are supported as a complement to absolute grants.

· Dedicated resources are used to transmit relative grants to each UE.

· The relative grant consists of a single (binary or ternary) bit.

· Absolute grants have priority higher than (or equal to) relative grants in non-SOHO situations.

· A single cell (serving cell) is responsible for the absolute grants in soft handover. The cell with the best (long-term) downlink quality is the serving cell (same as for HSDPA).

· The UE obeys any changes in the E-DPDCH/DPCCH power ratio also for retransmissions.

· A scheduling request sent in the uplink consisting of (at least) one bit is supported.
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� If multiple UEs are configured to receive the relative grants from non-serving cells on the same dedicated resource, the transmission cost in the non-serving cell is reduced (although the word “dedicated” in this case may be a bit misleading).





