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1
Introduction

One promising technique to support Enhanced Uplink is Node B scheduling, which denotes the possibility for the Node B to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC to transmit data. With Node B scheduling, tighter control of the uplink interference is made possible, potentially leading to capacity and coverage increase. Node B scheduling may require additional signalling in both uplink and downlink. In order to maximise the benefits of Node B scheduling the overhead introduced by the additional signalling need to be kept at a minimum. This document proposes solutions to avoid additional overhead in the uplink, thus maximising the benefit of Node B scheduling.

2
No overhead for uplink signalling

With Node B scheduling, the Node B scheduler needs to continuously make decisions on dividing the uplink noise rise resource between the active UEs. The decisions may be based on information signalled from the UE to the Node B, historical statistics or even both [1]. If new signalling from the UE to the Node B were introduced for scheduling purposes, problems related to additional overhead and signalling errors would occur. These could severely decrease the benefits of Node B scheduling.  So in the following, two methods are proposed where no additional signalling is introduced in uplink in order to maximise the benefits of Node B scheduling.

2.1
Blind detection

The idea behind blind detection is that the Node B grants resources according to the utilisation of the UEs TFCs (known by default from TFCI decoding of the uplink data frames). If during a monitoring period, a large fraction of frames uses the maximum TFC (TFCmax), the Node B may schedule the UE for a higher TFCmax, whereas low utilisation of TFCmax may result in a lower scheduled TFCmax. 

The principle is illustrated in Figure 1, which shows the allocated (white box) and actually used (shaded box inside white) bit rate (TFC) over time. The blind detection of data rate requirements needs a certain observation period (in this example 8 TTIs) to establish whether currently granted allocation needs upgrading or downgrading of TFCmax, and therefore cannot respond immediately to a change in resource usage. In this example, the scheduler tries to allocate available resources up to a constant load limit.

A possible description of the algorithm is:

-
If the UE in more than x out of y recent TTIs have used TFCmax, then the link adaptation algorithm should trigger an “up” request (i.e. allocate higher bit-rate);

-
If the UE in less than x out of y recent TTIs have used TFCmax, then the link adaptation algorithm should trigger a “down” request (i.e. allocate a lower bit-rate).

The exact action taken by the scheduler may of course depend on several other factors such as:

-
The scheduling policy;

-
The current cell load;

- 
QoS descriptive parameters such as Allocation Retention Priority, Traffic Class and Traffic Handling Priority;

-
Min and Max data rate allocations;

-
Uplink radio link conditions (estimated path loss), such that higher maximum TFC is scheduled only when the channel conditions are favourable (this is to avoid unnecessary retransmissions and better power efficiency of the UE).
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Figure 1: Blind data rate signalling

Blind detection avoids high variability of uplink noise rise by scheduling UE transmissions according to their near instantaneous transmission capacity requirements, and thereby achieve correspondence between allocated and actually required uplink resources. Most importantly, it avoids explicit uplink signalling of the UEs capacity requirement. A possible drawback is that depending on the blind detection interval, it can be less dynamic than when using explicit signalling.

2.2
TFCI

For transmission of data in uplink, the UE selects a TFC that suits the amount of data to be transmitted in it’s RLC buffer, subject to constraints on the maximum transmission power of the UE and the maximum allowed TFC (TFCmax). In principle the UE can use any TFC up to the maximum allowed TFC (TFCmax). Additionally it is proposed to allow the UE to use a TFC that is above TFCmax for a short period of time, in order to signal to the Node B that its transmission requirements have increased. In response, the Node B can either grant additional resources to the UE by signalling a new TFCmax, or reject the request by not changing TFCmax.

Figure 2 shows the TFCS of the UE, where TFCs are ordered according to the required transmission power and containing N TFCs. 
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Figure 2: TFCS of the UE

When the transmission requirements of the UE increases, i.e. when the UE needs to transmit data with a TFC that is higher than TFCmax, it is allowed for a short period of time (hereafter referred to as Texceed) to use a TFC between TFCmax-1 and TFCmax-K : TFCtemp. The value of K could either be fixed in specifications (for instance 1) or signalled by the RAN to the UE. Similarly, Texceed could either be fixed in specifications (for instance 1 TTIs) or signalled by the RAN to the UE.

As a part of the decoding process when receiving data from the UE, the Node B can tell if a TFC higher than TFCmax was used and therefore knows when the UE needs a higher TFC, i.e. when the transmission requirements of the UE increases. Based on available resources and other possible criteria, the Node B can either:

1) Grant what was requested by signalling to the UE a new TFCmax equal to TFCtemp  (see Figure 3);

2) If K>1, partly grant what was requested by signalling a new TFCmax ( [TFCtemp+1 … TFCmax-1] (see Figure 4);

3) Deny the request and keep TFCmax as it is (see Figure 5).

In the last two cases, several subsequent behaviours of the UE are possible:

-
The UE is not allowed to transmit data with a TFC higher than TFCmax. Since the Node B is already aware of the previous request, it can always allow higher TFC when it is possible;

-
The UE is periodically allowed to poll for higher TFC.

The main benefits of this approach is that there is no additional signalling required for Node B scheduling, no latency related to the request and fast ramp up is made possible. The only drawback is that even if the UE cannot be granted additional resources, it is still allowed to transmit at higher power for a short period of time. Note, however that by fixing Texceed and K to 1 the effects could be minimised.
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Figure 3: UE request granted
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Figure 4: UE request partly granted

[image: image5.wmf]TFC

n

TTI

Transmitted

Power

TFC

n+1

TFC

n

TFC

temp

TFC

temp

time

TFC

max

TFC

max

T

exceed

Data rate

requirements of

the UE increase

no new TFC

max

granted by

Node B


Figure 5: UE request rejected

3
Conclusions

This contribution has proposed two solutions to avoid introducing additional overhead in the uplink for Node B scheduling: a blind detection of the data rate based on TFC usage statistics, and a reuse of the TFCI for fast request of additional resources. 
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