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1. Introduction

At the joint RAN1/RAN2 session in Prague, August 2004, a framework for the downlink signaling with respect to E-DCH scheduling was agreed upon, where absolute and relative grants are sent in the downlink. The UE behavior with respect to these grants are discussed in [2]. This contribution addresses the UE behavior with respect to uplink scheduling requests. 

2. Scheduling Requests

Scheduling requests are used to indicate to the Node B that a UE has data to transmit. The more information the UE can provide to the Node B about its situation, the better the possibility for a good scheduling decision in the Node B. At the same time, it is desirable to keep the number of bits as low as possible to reduce the uplink interference. There is a need to inform the Node B, explicitly or indirectly, about the QoS class, the power situation and the buffer status. 

2.1. Required Information

Depending on whether the UE is already transmitting or not, the information useful to the scheduler may be different:

· For a UE already transmitting on the E-DCH (has a valid grant), the scheduler mainly uses relative grants to update the UE data rate. Hence, the measurement report (scheduling request) does not have to span the whole dynamic range of the quantities reported as the relative grants only allow for stepwise changes, but the granularity should be sufficiently small to determine whether the data rate should be increased/decreased.

· For a UE not transmitting data on the E-DCH (does not have a valid grant), the scheduler typically uses absolute grants to assign a data rate to the UE (if chosen for scheduling). Hence, the measurement report (scheduling request) need to cover the full dynamic range of the quantities reported, but may not need a fine granularity.

Therefore, it may be beneficial to have a different interpretation of the bits used for a scheduling request depending on whether the UE is currently transmitting on the E-DCH or not. This can also be exploited to reduce the number of bits used for uplink signaling.

If the UE is currently not transmitting, i.e., does not have a valid grant, it is proposed that the UE reports a quantity indicating the amount of resources it would have used if it were transmitting, e.g., the E-DPDCH/DPCCH power offset
. This quantity indicates the interference the UE would cause in the system if allowed to transmit and contains both information about the buffer status and power availability in the UE. The scheduler can use this quantity to determine which UEs to schedule and at what data rate. The resource indication could be quantified into a small number of intervals as illustrated in Table 1. The limits pi can be set by higher layer signaling, either explicitly or implicitly by giving a start value and a step size.

	Index
	Requested resources, p

	0
	p ( p0

	1
	p0 < p ( p1

	2
	p1 < p ( p2

	3
	p2 < p


Table 1: Scheduling requests in case of no ongoing E-DCH transmission (no valid grant).

If the UE currently is transmitting uplink data on the E-DCH, the UE indicates whether it can benefit from a higher data rate or not. This recommendation from the UE can be used by the scheduler as a recommendation on how to affect the relative grants sent individually to currently transmitting UEs. Furthermore, it is also useful for the scheduler to know when the UE buffers are empty and there is no more data to transmit. This is relevant in situations when the scheduler has assigned a grant with a long duration to the UE and the UE has emptied its buffer prior to the expiration of the grant. If the scheduler is informed about this situation, it can reallocate the resources the UE will not use to another UE. Hence, in case on an ongoing transmission (the UE has a valid grant), the reporting can be illustrated as in Table 2.

	Index
	Situation

	0
	The UE has no more data to transmit and will hence be silent on the E-DCH in the next TTI.

	1
	The UE recommends a DOWN grant as it can only use a lower rate than currently transmitting at.

	2
	The UE recommends a HOLD grant as it cannot use a higher data rate but can maintain transmission at the current rate.

	3
	The UE recommends an UP grant as it would like to use a higher data rate (there is sufficiently many bits in the buffer and there is power available to the UE.


Table 2: Scheduling requests in case of a valid grant (ongoing transmission).

Regardless of whether the UE has a valid grant or not when sending the scheduling request, an indication of the priority of the data in the buffer is useful information to the scheduler. It is recommended to include a single bit QoS indication that is set if any data in the UE buffer has a priority higher than a predefined level (e.g., coming from a certain set of logical channels).

It may also be useful for the scheduler to know whether the data rate the UE currently is using is limited due to the interference situation in other cells. This can be achieved by reporting the “overload indicator” seen by the UE and discussed in [2] back to the scheduler. One possibility is to extend Table 2 by a fifth case, indicating the UEs current data rate is limited by neighboring cells (the overload indicator is set).

Note that errors resulting from the UE and Node B having different views on how to transmit a scheduling request can be mitigated with the reporting rules described in Section 2.2. If there is transmission activity on the E-DPDCH (which also implies activity on the transport format and hybrid ARQ related information on the E-DPCCH), the UE is always reporting a recommendation on a relative grant update, otherwise the report is an indication on the power situation.

The signaling on the physical layer of the scheduling requests is discussed in [1].

Proposal: The scheduling requests contain different information depending on whether the UE is actively transmitting or not.

· If the UE currently is not transmitting on the E-DCH, the request contains an absolute indication of the amount of resources the UE can use.

· If the UE is currently transmitting, the request contains a recommendation on a relative UP/HOLD/DOWN together with an indication on whether the UE’s buffers are empty.

A one bit QoS indicator is included in the scheduling request.

2.2. Reporting Frequency

If the UE currently is transmitting (has a valid grant), the rate change recommendation (Table 2) is always transmitted along with the transport format and hybrid ARQ related parameters, i.e., in each TTI.

If the UE currently is not transmitting (no valid grant), it is desirable not to transmit request too frequently but only when necessary. One possibility is to define a threshold and a timer value, both set by the network. Once the buffer occupancy is above this threshold or data has been waiting in the buffer longer than another threshold, the UE transmits a scheduling request. It could also be considered to add a ‘scheduling request prohibit timer’ to prevent the UE from sending scheduling requests too frequently, e.g., such that the UE is not allowed to send scheduling requests (in absence of data transmission) more frequent that every x ms. The UE can repeat the scheduling requests according to the ‘scheduling request prohibit timer’ until it is scheduled by the Node B.  Note that a scheduling request is not required if the scheduler indicates NOT_BUSY as the UE in this case is allowed to start data transmission without a prior request phase.

Proposal: 

· In case of data transmission on the E-DCH, a scheduling request is always sent along with the uplink transmission. 

· In absence of data transmission on the E-DCH, parameters set by the network determine when and how often scheduling requests are transmitted. No scheduling request is transmitted if the shared grant channel indicates NOT_BUSY.

3. UE Behavior

In the following, the proposed UE behavior with respect to scheduling requests is summarized.

3.1. Scheduling Requests

Initialization: send_request=false, scheduling_request_prohibit_timer=0

For each TTI, the UE shall:

· If the UE is transmitting in this TTI

· Transmit a scheduling request containing a recommendation on the relative grant

· Set scheduling_request_prohibit_timer = 0

· If the UE is not transmitting in the current TTI

· If the buffer occupancy is above a threshold or data has been sitting in the buffer longer than a threshold

· Set send_request to true

· Decrease scheduling_request_prohibit_timer

· if send_request is true

· if scheduling_request_prohibit_timer < 0

· if ID not equals NOT_BUSY

· Transmit a scheduling request containing an indication on the current amount of resources the UE would like to exploit

· set send_request = false

· Set scheduling_request_prohibit_timer to the intial value configured by the network

4. Conclusion

It is proposed to capture the proposals in the sections above in TR25.808.
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� As the transport formats are known to both the UE and the Node B, the Node B can translate the required power offset into a transport format if needed by some Node B internal algorithms.





