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1
Introduction

At RAN2#45 it was agreed that MAC signalling would be used to support the scheduling decisions in the Node B for Enhanced uplink.  This paper attempts to explain the rationale behind sending verbose information to the Node B, and examine the overhead associated with it in the context of EDCH data transmissions.

2
Discussion

2.1 Scheduling principles

There are many different strategies for efficient scheduling of resources, and all of them will be considered when developing the Node B scheduler.  As an example, a few are listed here:

Fair – All UEs requiring resource are granted an equivalent amount 

Strict priority – highest priority data is always served first, regardless of the volume of lower priority data awaiting transmission.

Fair weighted – UEs are granted a resource proportional to the volume of traffic in the buffer or to the requested resource or some other metric.

Note, that this list is just an example of some scheduling strategies that could be implemented in a Node B.

2.2 General requirement

One of the principles throughout UTRAN standardisation has been that no implementation requirements are placed on the UTRAN.  In order to continue with this principle in the development of the EDCH scheduler, it is necessary for RAN2 to specify a verbose format for the MAC-e control PDU/header.  Limiting the information to be sent in the UL will unnecessarily constrain Node B scheduler implementations, risking sub optimal resource usage.

2.3 Efficiency

Although concerns were raised over the addition of more verbose scheduling information in the MAC header, it was not clear how significant those concerns were.  Since it is possible to multiplex up to 64 MAC-d PDUs per MAC-es PDU, we have calculated the overhead for MAC-es scheduling headers for varying size payloads (Table 1) shown below in percentages.

	
	
	header size (bits)

	MAC-d PDUs
	PDU size (bits)
	8
	16
	24
	32

	1
	336
	0.024
	0.048
	0.071
	0.095

	2
	672
	0.012
	0.024
	0.036
	0.048

	4
	1344
	0.006
	0.012
	0.018
	0.024

	8
	2688
	0.003
	0.006
	0.009
	0.012

	16
	5376
	0.001
	0.003
	0.004
	0.006

	32
	10752
	0.001
	0.001
	0.002
	0.003

	64
	21504
	0.000
	0.001
	0.001
	0.001


From the table above, it can be seen that the overhead due to the scheduling information is insignificant when the number of multiplexed MAC-d PDUs becomes large.  The overhead appears more significant for smaller PDU sizes, but it must be considered that these are anyway not consuming a large proportion of the noise rise.
It should also be noted, that the MAC-e header/control PDU will not always be sent, so the overhead introduced will only be present a fraction of the time, reducing the impact further.

2.4 Use of TFCI information to determine priority

It was also proposed  that the Node B could determine the highest priority of buffered data in the UE by using the TFCI transmitted in a TTI.  While true, this suffers from the problem of layer violation, with the TFCI being encoded at the physical layer and the scheduler being present at the MAC layer.  Hence it is preferred to transfer an explicit indication of each priority of information stored in the UE.

2.5 Indication of predicted TFCI 

During a transmission, a UE has a granted rate available and a used rate, where the used rate is a function of granted rate, the UEs power status, DCH transmission and information from neighbour cell relative grants.   In the case that the UE used rate is lower than the granted rate the Node B could, if informed about the difference re-allocate the additional resource to other UEs.  This information could be provided in the form of an indication of the predicted power that will be used in the next TTI, or the predicted TFCI that will be used in the next TTI.  This suffers from the limitation that the information sent will be an estimate, and hence does not reflect the true state of the UE power conditions when received at the Node B (i.e. due to fast fading, power control, DCH activity etc).
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The diagram above shows the use of resources when no PTFCI is sent to the Node B.  The UTRAN is unable to react to short term drops in the UE resource usage, and so a large amount of the power resource is wasted.  The figure below shows the use of resources when predicted TFCI is indicated, and the Node B is able to reallocate the resources not being used by the UE, and the final figure shows the resources that may be reallocated due to the use of PTFCI
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As can be seen from the above diagrams, the use of PTFCI provides gains in the amount of resource which may be scheduled in the Node B, and hence it is proposed that it shall be sent in every TTI in which a MAC-es PDU is sent. 

3
Frequency of information

Since the increase in UL signalling will negatively impact the throughput provided by EDCH a balance must be struck between the need for up to date information at the Node B and the resources used for sending said data.  A number of alternatives are available for data:

	Frequency
	Pro
	Con

	Regularly scheduled
	Minimal signalling required, controlled by RNC 
	Inefficient, some control information sent when not necessary

Additional delay in the request grant cycle as the UE has to wait for the next opportunity to send a control MAC-e

	Polled
	Efficient, Controlled by Node B
	Requires DL signalling

Additional delay in the request grant cycle as the UE has to wait for the next poll by the node B

	Autonomous
	Efficient
	May lead to different interpretations of trigger conditions


Autonomous sending of MAC-e PDUs will allow for the Node B to use a PTFCI and BOR as a detailed rate request (in addition to the single bit currently envisaged to be sent on EDPCCH), and polled/scheduled sending of the control information will be useful in updating the Node Bs model of UE buffer status in the case of high volume data transmissions.

In addition to the frequency and nature of the scheme for sending MAC-e control PDUs, in SHO a retransmission mechanism may be required if the PDU is not acknowledged by the serving Node B. This may involve re-sending the control PDU in the same HARQ process or attempting to send it again in the next available HARQ process.

Hence it is proposed to include autonomous and polled reporting, with the exact triggers for autonomous reporting to be FFS

4 
Signalling format

As discussed at the previous meeting, there are two occasions when the scheduling request is sent:  when the UE has a granted resource and when the UE does not have a granted resource.  In order to simplify implementation logic in the UE and Node B it is proposed that the information sent should be the same in both cases. 

As shown in section 2.1, there are many different scheduling models that may be implemented by Node B manufacturers, and in order to allow for Node B manufacturers to choose the most appropriate it is necessary to signal the following to the Node B scheduler:

· An indication of the highest priority data, and an indication of the fact that other priorities are present

· Whether this is an explicit indication per priority or simply a flag which states there is lower priority data present or not is FFS, however in order to perform any kind of priority weighted scheduling this is required. 

· High priority buffer information is required to allow the Node B to identify the immediate scheduling needs, and other buffer occupancy information is required to avoid starvation of the low priority data.

	0
	1
	2
	3
	4
	5
	6
	7

	PTFCI
	F
	S

	P
	LPF
	BO(H)

	BO(H)
	BO(O)
	S


P = Highest priority (2 bit field, corresponds to traffic classes)

PF = Lower priority Flag (used to indicate that there is data of a lower priority also stored in the UE data queue)

BO(H) – Buffer occupancy of the highest priority data queue

BO(O) – Buffer occupancy of the other data queues

PTFCI – Predicted TFCI, as described in 2.6

S – Spare

F – Flag to indicate presence of BO.

5
Conclusions

Limiting the information to be sent in the UL will unnecessarily constrain Node B scheduler implementations, risking sub optimal resource usage and hence it is proposed to include highest priority information and data volume as well as an indication of any lower priority data which it is necessary to be sent.
It is proposed to include that autonomous and polled reporting be used, with the exact triggers for autonomous reporting to be FFS 

The use of PTFCI provides gains in the amount of resource which may be schedlued by the Node B, and hence it is proposed that it shall be sent in every TTI in which a MAC-es PDU is sent.
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