TSG RAN WG1 meeting #33
                      

                  Tdoc R1-03-0730
New York, US

August 25th – 29th, 2003

Agenda item:
10.1, Enhanced Uplink DCH – Scheduling

Source: 
Nokia

Title:
          Scheduling Scheme Comparison
Document for:
Discussion

1. Introduction

Currently in the technical report for the Enhanced Uplink DCH [1], two Node B controlled scheduling methods have been introduced. For practical reasons, in this document, the methods are called Rate Scheduling and Time and Rate Scheduling, and their descriptions can be found in [1] in chapters 7.1.1 and 7.1.2 respectively.

1.1 Rate Scheduling

In the Rate Scheduling method, the Node B controls the maximum data rate the UE may use in its UL transmission by signalling in the L1, which TFC is the maximum data rate TFC the UE may use. This signalling may be either explicit, or differential (a change based on the previous maximum data rate TFC). 

The UE continuously evaluates, which is the maximum data rate it can utilise and informs this to the Node B using L1 signalling. This information is the basis of Node B's scheduling decisions. The L1 signalling, as above, can be either explicit or differential.

More elaborated description can be found in chapter 7.1.1 of [1]

1.2 Time and Rate Scheduling

In the Time and Rate Scheduling method the Node B controls the (maximum) data rate the UE uses in its uplink transmission as well as the timing of the UL transmission. This data rate and timing information is signalled to the UE in L1.

The UE informs the Node B with its available power and buffer status in L1. This information is used in Node B's scheduling decisions.

More elaborated description can be found in chapter 7.1.2 of [1]

2. Discussion

The following summarises some similarities that can be seen in the two scheduling methods. Both methods

· Define one L1 signal in the UL with which the UE informs the Node B of its UL transmission needs,

· Define one L1 signal in the DL with which the Node B configures UE uplink transmission,

· Control the data rate the UE may use in uplink transmission,

· Can be made compatible with other enhancement techniques, such as H-ARQ.

Table 1 compares the scheduling methods mainly from the L1 signalling point of view. For Rate Scheduling, differential signalling is assumed. If explicit signalling were to be considered, Rate Request and Rate Grant messages would require more bits to be transmitted and the differences in L1 signalling would diminish.

Table 1: Scheduling scheme comparison

	
	Rate Scheduling
	Time and Rate Scheduling

	L1 signals
	Rate Request in the uplink

Rate Grant in the downlink
	Scheduling Information Update in the uplink

Scheduling Assignment in the downlink

	Transmission Timing
	Node B is in loose control of when and with what data rate the UE is transmitting
	Node B has a strict control over when and with what data rate the UE is transmitting

	UL signalling load
	UE sends RR=up, if it can use higher data rate than currently allowed/used. Frequency of consecutive RR=ups could be limited

If the UE does not need or cannot use higher data rate than its current max, no UL signalling is required.

RR size: 1 bit

RR Frequency: Sent when UE wants to get higher data rate than currently available.
	UE must send periodical SI updates. Frequency could be limited.

UE must signal SI in order to be scheduled for transmission

SI size: buffer status + power margin/rate request = ?? bits (e.g. 8 bits)

SI Frequency: Periodical when UE has anything to transmit

	DL signalling load
	Node B must send RG=up/down if it wants to change UE's max allowed data rate

RG size: 1 bit

RG Frequency: When change in max data rate needed.
	Node B must send SA in order to schedule the UL transmission.

SA size: TFCS indicator + transmission start time + transmission duration = ?? bits (e.g. 12 bits)

SA frequency: whenever UE transmission is initiated.

	Robustness against signalling errors
	Only one bit sent in UL and in DL. 

Erroneously received RR=up when it was not transmitted may result in allocating capacity that goes unused. 

When Node B does not send RG=up, but UE decodes RG=up may result in transmitting at too high a data rate, if UE had asked RR=up.

When Node B sends RG=up but UE receives it erroneously, some allocated capacity goes unused

Several L1 signalling error recovery methods have been proposed. [2]
	Several bits need to be transmitted in both UL and DL.

Erroneously received SI may result in scheduling decision based on faulty assumptions.

Erroneously received SA may result in UL transmission at unintended time and unintended power resulting at some time unused capacity and at some times overloaded uplink. Unclear, if incorrectly timed transmission can be received at all.

No L1 signalling error mitigation methods proposed. FEC can be used, but results even bigger number of L1 bits to be transmitted.

	HARQ compatibility
	Autonomous transmission, UE can send retransmission whenever. TFC may be different when retransmitting.
	Can the UE send retransmission without being re-scheduled? Scheduling command could include one bit for HARQ ack/nack. Rate and duration may be different when retransmitting.

	SHO compatibility
	Should be possible to work in SHO, further investigation needed.
	Further investigation needed.

	TFC Selection Compatibility.
	With 10 ms TTI, minor changes needed
with 2 ms TTI, further investigation required
	With 10 ms TTI, minor changes needed
with 2 ms TTI, further investigation required

	Transmission data rate changes
	The maximum data rate is typically changed only one step at a time
	Transmission data rate typically fluctuates between no transmission and high data rate transmission

	Transmission Timing
	The Node B is in control of the timing of maximum data rate changes
	The Node B is in control of when the UL transmission occurs.

	UE Data Buffer Size Usage
	The UE uses the information in deriving the request command to be sent to the uplink
	The UE sends the information to the Node B.

	UE Power Margin Information Usage
	The UE uses the information in deriving the request command to be sent to the uplink
	The UE sends the information to the Node B.


3. Conclusion

This paper is a simple comparative analysis of the scheduling schemes mainly in considering the L1 signalling. It is rather obvious that as both schemes aim at moving the scheduling decisions from the RNC to the Node B, they contain a lot of similarities

Main differencies are related to the number of bits required in the L1 signalling (if explicit signalling would be used in Rate Scheduling, this would diminish), how often the L1 signalling has to be sent and how large data rate step size in changing the UL transmission speeds the Node B control allows.

Further investigation with regard to both scheduling techniques is needed especially in the field of SHO and UE TFC selection compatibility.
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