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1. Introduction

During GERAN#17 wG2 meeting, the handling of the QoS parameters associated to a single TBF has been discussed (see [1]). It has been recognized that :

· The signaling load causes by fast successive changes of QoS parameters may downgrade the radio resource usage efficiency

· Section 8.1.1.1.2 of 3GPP 44.060 doesn’t clearly describe the MS behaviour in case a PFI change is detected. 

· The QoS parameters change on a single TBF should either completely be handled by the network or by the mobile station.

This discussion paper tries then to go further in that discussion by capturing identified open-issues and proposing enhancements to the incriminated section of 3GPP TS 44.060.

2. Current requirements

[R 1]. In TS 44.060 V6.3.0 section 8.1.1.1.2 

“If the mobile station has not started the countdown procedure or the TBF is operated in the extended uplink TBF mode (see sub-clause 9.3.1b) and the new upper layer PDU does not have the same PFI as the current uplink TBF, the mobile station shall immediately request a resource reallocation for uplink with the new PFI by sending a PACKET RESOURCE REQUEST message ….”

[R 2]. In TS 44.060 V6.3.0 section 8.1.1.1.2 

“If the new upper layer PDU has the same RLC mode as the current uplink TBF and either a lower Radio Priority or the same radio priority but a lower peak throughput class, the mobile station shall first complete the sending of the upper layer PDU in transfer. When the sending of upper layer PDUs at the higher Radio Priority or the same radio priority but higher peak throughput class stops, without waiting for the acknowledgement from the network if in RLC acknowledged mode, the mobile station shall then perform the request of a resource reallocation for uplink for any remaining upper layer PDU(s) by sending a PACKET RESOURCE REQUEST….”

[R 3]. In TS 44.060 V6.3.0 section 8.1.1.1.2 

The mobile station is then not allowed to send new PACKET RESOURCE REQUEST messages until either a new packet transfer request is received from the upper layers or when sending of LLC PDU(s) at a lower Radio Priority has to be continued.

[R 4]. In TS 44.060 V6.3.0 section 8.1.1.1.2 

After the transmission of the PACKET RESOURCE REQUEST message with the reason for changing PFI, the priority or peak throughput class of an assigned uplink TBF the mobile station shall continue to use the currently assigned uplink TBF assuming that the requested priority or peak throughput class is already assigned to that TBF.

[R 5]. 

3. Open issues

3.1. Inefficient PFI handling

As already pointed out in [1], the requirement [R1] basically implies that a LLC PDU in transmission will be associated to the same QoS parameters than a new LLC PDU received from higher layers. This may lower the transmission efficiency when the new PDU belongs to a less radio resource demanding class than the current LLC PDU. For instances, one streaming class data flow between the MS and the network would be interrupted by every background class PDUs. This may induce delays which are not compatible with a streaming traffic class and prevents basically any efficient QoS management in R99. The situation gets even worst considering that the background PDUs are likely to be allocated poor radio resources due to their QoS characteristics. 

Moreover, looking at requirement [R2], an ongoing streaming class data flow preempts the transmission of any LLC PDU of background or interactive class, thus leading to TCP retransmissions and traffic breakdown.

3.2. Conflicting requirements

The requirement [R2] mandates the mobile station to handle itself two QoS parameters (the radio priority and the peak throughput). More precisely the MS shall give priority to PDUs which have a higher radio priority or a higher peak throughput and signifies the network with the QoS of the LLC PDU to be transmitted.  Although this is not the perfect solution this requirement makes sense as an efficient management of the QoS can not be provided by the radio access network before the support of multiple TBFs.

However, it is unclear whether this requirement applies also if the network supports the PFC procedure. Therefore the application of requirement [R1] or [R2] is ambiguous and may lead to different mobile station makers interpretation and implementation.

3.3. Signaling exchanges issues

The requirement [R1] which mandates the MS to request a resource reallocation each time the PFI changes may cause many exchanges of signaling messages on the air interface, stealing then precious resources to the uplink/downlink data flows.

Moreover, the mobile station shall start the timer T3168 each time it requests a new resource reallocation. And a new LLC PDU with a different PFI (or different radio priority or peak throughput) may be received from upper layers before the mobile station receives a response to its previous reallocation request. [R3] clearly allows the transmission of a new resource reallocation request but it is not specified whether the MS shall instantiate the timer T3168 for the second resource reallocation request or simply abandon the previous request and restart T3168. Actually the correct behaviour seems to be network dependant :

· If the network responds to all reallocation requests then the MS has to start a timer T3168 on a resource reallocation request basis.

· If the network only responds to the last reallocation request, then the mobile station can forget about its previous requests and restart T3168 for its last request.

Besides in case of LLC PDUs shorter than RLC blocks, 3GPP 44.060 doesn’t specify what the mobile is expected to do if many QoS changes are detected in the same RLC data block :

· as many PACKET RESOURCE REQUEST as QoS changes detected in the RLC data block  are sent to the network

· or only a single PACKET RESOURCE REQUEST related to the last LLC PDU included in the RLC data block is sent to the network

4. Possible solutions

Different approaches can be envisaged to fix all these issues. These have been elaborated by bearing in mind what is suggested by [R4] :  the mobile station doesn’t really wait for the network response. It assumes that the new QoS parameters are affected to the TBF as soon as the reallocation has been sent to the network. Then this reallocation request shall be considered more as an indication of  a QoS parameters change than an actual request to modify the resources allocated to the current TBF. 

4.1. Solution 1

The QoS parameters are partly handled by the mobile station in case LLC PDUs with different PFI or radio priority/peak throughput class are to be transmitted on the same TBF. That is to say that the mobile is allowed to re-order LLC PDU in its buffer to cope with QoS parameters which are associated to these PDUs and minimize the signaling exchanges with the radio access network.

The MS sends a PACKET RESOURCE REQUEST to keep the network informed of a change in QoS parameters connected to the TBF but the timer T3168 is not started at all on such a request. The MS doesn’t wait for any response to its reallocation request.

If the network support the PFC procedures, the PACKET RESOURCE REQUEST shall be sent to the network just before the transmission of the first RLC block of a new LLC frame with a different PFI. This would prevent the access network to associated a LLC PDU to lower QoS parameters than the actual ones.

As an optimization the PACKET RESOURCE REQUEST may only refers to the last LLC PDU included in the RLC data block. 

However, this solution doesn’t guarantee that the PACKET RESOURCE REQUEST is correctly received at the network side.
4.2. Solution 2

Same as solution 1 except that a new message is created to keep the network inform of a change of QoS parameters associated to the TBF. This new message may be called PACKET RESOURCE NOTIFICATION. It also refers to the last LLC PDU included in the RLC data block. As before there may be reliability problems by not associating any guard timers to the transmission of this message.

4.3. Solution 3

The QoS parameters are still partly handled by the mobile station in case LLC PDUs with different PFI (or radio priority/peak throughput class) are to be transmitted on the same TBF. That is to say that the mobile is allowed to re-order LLC PDU in its buffer to cope with QoS parameters which are associated to these PDUs and minimize the signaling exchanges with the radio access network.

If the network doesn’t support the PFC procedures, the indication of a QoS change in the current TBF keeps on being done via a PACKET RESOURCE REQUEST. T3168 shall be started to prevent any loss of message. As the mobile station is allowed to reorder LLC PDUs, it is expected that fast subsequent QoS changes are not very likely to happen, thus it seems that there is no need to instantiate T3168. If more than one LLC PDU is included in the RLC data block, the mobile station may only consider the last LLC PDU in the data block to determine whether a change of QoS occurred on the TBF. If that optimization is implemented, the PACKET RESOURCE REQUEST refers to the last LLC PDU included in the RLC data block.

If the network supports the PFC procedures, the PFI field optionally included in RLC/MAC data blocks is used to indicate the PFI of  each new LLC PDU being transmitted. With the exception that if more than one LLC PDU fits into the RLC data block, the PFI field represents the PFI associated to the last LLC frame which starts in the RLC data block. This has the advantage of reducing dramatically the exchange of signaling messages and would not add too much overhead as it would be present in the RLC data block only when a LLC frame boundary is reached. Besides this solution allows to fix the reliability issue referred to just above. In fact, in RLC acknowledged mode, the ARQ protocol prevents any RLC data block loss. And in RLC unacknowledged mode if the RLC block containing the PFI is lost then the whole LLC frame is also lost (the frame boundary is included in the same RLC block). So it doesn’t really matter whether the correct QoS has been applied or not to the TBF. See Annex section 6.3 for PFI inclusion examples.

5. Proposed Improvements

It is recommended to implement solution 3 in the standard from R99 onwards so that implementation and test efforts would be minimized and 51.010 would be kept release independent. 

6. Annex

6.1. Uplink GPRS RLC data block

The Uplink RLC data block together with its MAC header is formatted as shown in Figure 10.2.2.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Payload Type
	Countdown Value
	SI
	R
	MAC header

	spare
	PI
	TFI
	TI
	Octet 1

	
	
	
	BSN
	
	
	
	E
	Octet 2

	Length indicator
	M
	E
	Octet 3 (optional)

	.
.
.
	.

.

.

	Length indicator
	M
	E
	Octet M (optional)

	
	
	
	
	
	
	
	
	Octet M+1 \

	
	
	
	TLLI
	
	
	
	Octet M+2 } (optional)

	
	
	
	
	
	
	
	
	Octet M+3 /

	
	
	
	
	
	
	
	
	Octet M+4 /

	PFI
	E
	Octet M + 5 /

	
	
	
	
	
	
	
	
	Octet M+6 

	
RLC data
	.

.

.

	
	
	
	
	
	
	
	
	Octet N-1

	
	
	
	
	
	
	
	
	Octet N

	
	
	spare
	
	
	spare
	
	(if present)


Figure 10.2.2.1: Uplink RLC data block with MAC header

6.2. EGPRS Uplink RLC data block

The EGPRS uplink RLC data block are formatted according to Figure 10.3a.2.1.

	Bit
	

	2
	1
	

	TI
	E
	

	
	
	

	
	
	

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Length indicator
	
	E
	Octet 1 (note 1) (optional)

	.
.
.
	.

.

.

	Length indicator
	
	E
	Octet M (optional)

	
	
	
	
	
	
	
	
	Octet M+1 \

	
	
	
	TLLI
	
	
	
	Octet M+2 } (optional)

	
	
	
	
	
	
	
	
	Octet M+3 /

	
	
	
	
	
	
	
	
	Octet M+4 /

	PFI
	E
	Octet M + 5 /

	
	
	
	
	
	
	
	
	Octet M+6

	
RLC data
	.

.

.

	
	
	
	
	
	
	
	
	Octet N2-1

	
	
	
	
	
	
	
	
	Octet N2

	
	
	
	
	
	
	
	


Figure 10.3a.2.1: Uplink EGPRS RLC data block

6.3. Example of PFI usage in GPRS RLC uplink data block

	Bit
	
	

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	Payload Type
	RRBP
	S/P
	
	USF
	
	MAC header
	

	Spare
	PI = 1
	TFI
	TI = 0
	Octet 1
	PFI = 1

	
	
	
	BSN
	
	
	
	E = 0
	Octet 2
	

	Length indicator = 10
	M = 1
	E = 0
	Octet 3
	LLC PDU 1

	Length indicator = 26
	M = 1
	E = 1
	Octet 4
	

	PFI = 3
	E = 1
	Octet 5
	

	
	
	
	
	
	
	
	
	Octet 6
	

	
LLC PDU 1 (cont)
	.

.

.
	

	
	
	
	
	
	
	
	
	Octet 15
	

	
	
	
	
	
	
	
	
	Octet 16
	PFI = 2

	
	
	
	
	
	
	
	
	Octet 17
	

	LLC PDU 2
	.

.

.
	LLC PDU 2

	
	
	
	
	
	
	
	
	Octet 41
	

	
	
	
	
	
	
	
	
	Octet 42
	PFI = 3

	
	
	
	
	
	
	
	
	Octet 43
	

	
LLC PDU 3
	.

.

.
	
LLC PDU 3

	
	
	
	
	
	
	
	
	Octet N-1
	

	
	
	
	
	
	
	
	
	Octet N
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


PFI usage example for GPRS RLC data block

6.4. Example of PFI usage in EGPRS RLC uplink data block

	Bit
	

	2
	1
	

	TI = 0
	E = 0
	

	
	
	

	
	
	

	Bit
	
	

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	Length indicator
	E = 0
	
	LLC PDU 1

	Length indicator 
	E = 0
	
	PFI = 1

	PFI = 3
	E = 1
	
	

	
	
	
	
	
	
	
	
	
	

	
LLC PDU 1 (cont)
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	PFI = 2

	
	
	
	
	
	
	
	
	
	

	LLC PDU 2
	
	LLC PDU 2

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	PFI = 3

	
	
	
	
	
	
	
	
	
	

	
LLC PDU 3
	
	
LLC PDU 3
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