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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

In RAN1#74bis, companies were encouraged to provide contributions to RAN1#75 justifying the need for signalling optimizations facilitating more efficient TDM operation.
In this contribution we discuss the motivation for improved TDM scheduling schemes and describe a scenario where these improvements can be beneficial.
2 Motivation for Improved TDM Scheduling Schemes
The text proposal [2] on TDM scheduling solutions describes proposed TDM scheduling schemes. The text proposal also includes a section on the motivation for improved TDM scheduling schemes. The motivation in the text proposal is quoted below:
“The motivation for introducing a grant handling enhancement is to avoid the drawbacks with operating a bursty high data rate traffic using legacy E-AGCH channel. The main drawbacks are:
· The need for signalling two E-AGCH’s, one for starting and one for stopping data transmissions, which is explained in detail below.

· Serious consequences for missed detection of the terminating grant.

-
Flexibility, e.g. ability to operate without TTI gaps between users.

The TDM scheduling can be realized in the currently working system, however the signalling overhead is significant. To begin the TDM operation all but one UE in a cell have to receive the ZERO-grant command.  It is assumed that in the TDM mode the Node B has to nominate one UE which will transmit for the next period, while the UE transmitting in the previous period has to be informed that it has to stop the transmission. For that 2 commands have to be issued:

1. E-AGCH with either ZERO, INACTIVE

2. E-AGCH with Absolute Grant Value for a UE nominated to transmit in the next period.

The signalling message flow required to perform the TDM operation is presented in Figure x1. 
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Figure x1.  Legacy grant signalling for the TDM operation.

The main disadvantage of this approach is that after sending the ZERO-grant to currently transmitting UE one TTI is lost (no UE transmitting with a high bitrate in the next TTI) before the next UE receives and applies new absolute grant. This reduces gains coming from the TDM scheduling. Reversing steps 1 and 2 would lead to a situation where two UEs transmit simultaneously with high grants for at least one TTI before one of them receives and applies the ZERO-grant. This would cause very high interference for both transmissions and also to the neighbouring cells.”
As described in the motivation above the main limitations of the legacy grant signalling are:

· One TTI is lost when switching users scheduled in TDM
· The grant channel overhead is severe in the case of bursty traffic

The impact of inefficient grant signalling can be severe when TDM scheduling bursty users. Both in terms of high E-AGCH overhead and reduced uplink performance.

The following figures show examples where multiple bursty users are TDM scheduled. It is assumed that different user consecutively transmit small data packets covering 2 TTI’s.
In Figure x2 legacy grant signalling is used for scheduling the users. When a UE is scheduled for transmission an E-AGCH is signalled for activating the transmission. After 2 TTI’s a new E-AGCH needs to be signalled for deactivating the transmission.

As seen in Figure x2 signalling an activation of a UE and a deactivation of another UE within the same TTI is not possible. For avoiding collision of data transmissions a UE with active data transmission is first deactivated and in the next TTI activation is signalled to a new UE. This results in 1 TTI gap between each scheduled data transmission. Considering the bursty traffic in the given example the uplink is only utilized 67% of the time. Furthermore, the activation and deactivation costs two E-AGCH transmissions per data transmission.
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Figure x2. Legacy grant signalling used for TDM scheduling of multiple bursty users transmitting 2 TTI data at each scheduled occasion.
In Figure x3 an improved TDM scheduling scheme is used for scheduling the same traffic as in Figure x2.  The new grant handling is assumed to solve two previously mentioned limitations with legacy grant handling.

This can for example be done using time limited grants. A single grant is signalled for scheduling each UE. The time limited grant contain a grant value and an activation period for the UE. For example the activation of UE1 in Figure x3 is done with a time limit of 2 TTI’s. When UE1 has finished its transmission it is automatically deactivated. A new time limited grant have been signalled to UE2, 2 TTI’s after UE1 was signalled a grant. The transmission of UE2 starts immediately after UE1 is deactivated. As seen in the figure, 100% of the TTI’s are utilized and the E-AGCH signalling is reduced compared to Figure x2.
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Figure x3. Improved grant signalling used for TDM scheduling of multiple bursty users transmitting 2 TTI data at each scheduled occasion.
The improved TDM scheduling scheme in Figure x3 enable a 50% increase of uplink performance compared to legacy grant signalling used in Figure x2. Furthermore the required E-AGCH transmission per scheduled user is reduced by 50%.
	
	Length of data bursts [TTI]

	
	1
	2
	3
	4
	5

	Uplink performance gain
	100%
	50%
	33%
	25%
	20%


Table t1. The expected uplink performance gain due to improved TDM scheduling schemes depending on data burst lengths.
This was an example of a traffic model where 2 TTI data burst were used. The expected gain varies depending on the data burst lengths, as shown in Table t1. The shorter the data bursts are the higher performance gain can be expected. Hence it can be concluded that, in bursty traffic scenarios, an improved TDM scheduling scheme can improve uplink performance and reduce downlink overhead. 
3 Conclusion
In this contribution we have discussed the motivation for improved TDM scheduling schemes and described a scenario where these improvements can be beneficial. It can be concluded that, in a bursty traffic scenarios, an improved TDM scheduling scheme can improve uplink performance and reduce downlink overhead.
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