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Clarification on the Packet Flow Identifier change procedure

1. Introduction

In the current specification, the handling of PFI change seems to be unclear in some case. 
Indeed, when an uplink TBF is established with a given Packet Flow Indicator (PFI) and  another upper layer PDU with different PFI is received from the upper layer, the current specification states that the mobile station shall immediately send a PACKET RESOURCE REQUEST message in order to request a resource reallocation for uplink.

BUT, if the new upper layer PDU requires lower quality of service (Aggregate BSS Quality of Service negotiated between BSS and SGSN) than the PDUs in transfer then sending immediately the Packet Resource Request could decrease the Quality of Service of the PDUs in transfer.

This is due to the fact the mobile station use the PFI as an absolute number  and the MS does not know which kind of service is associated to a PFI value (except for signalling, best effort and SMS services where a predefined PFI is known). As the PFI is used to identify different Flow contexts, these flows could have different Quality of service and may require different radio resource allocation. The change of PFI does not necessarily mean that the new PFI requires higher Quality of service than the one in transfer. So, for our understanding, there is no justification to always send the PRR message as soon as a PFI change is observed by RLC. 
The following discussion assumes that all PDUs are sent using the same RLC mode. 
Indeed, in case of RLC mode change, the specifications state that the current TBF shall be released and a new TBF shall be established with the new RLC mode.

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]. 

3. Issue

In the current specification, it is unspecified if there is any priority between the above requirements ([R1] and [R2]). Indeed the MS behaviour is unclear if a new upper layer PDU with different PFI is received from the upper layer (see [R 1] ) but has a lower Radio Priority (or the same radio priority but a lower peak throughput class) (see [R 2] ). In that case, it is unclear if the MS shall immediately send the PRR message after the reception of the upper layer PDU (according to [R 1] ) or after the completion of the transmission of upper layer PDUs having higher radio priority in transfer (according to [R 2] ). 

The current specifications state that, in any case of PFI change, whatever the Radio Priority and Peak throughput value, the PRR shall be immediately sent to the network. So, it seems that PFI change procedure takes precedence over the Radio Priority and Peak Throughput change.


The following scenarios shall then be considered

Case 1: new upper layer PDU (LLC) having different PFI but lower quality of service is received while a LLC-PDUs transfer with higher quality of service level is ongoing
An on-going uplink TBF is already established for the transmission of LLC-PDU1 associated to a flow context identified by  PFI1, which corresponds to a high QoS . This LLC-PDU1 is segmented onto n RLC data blocks : B11, B12, …, B1j, B1,j+1, …., B1n, and sent over the air.

Before the transmission of the last RLC block of the LLC-PDU1, two others LLC-PDUs  are transmitted to RLC layer. The first one with  PFI1 (same PFI as LLC-PDU1), and the other with PFI2, which corresponds to a lower QoS.

















As, the PRR message is sent as soon as a new upper layer-PDU (LLC-PDU3) with different PFI is received by RLC then the RLC blocks starting from B1j+1 belonging originally to the flow context identified by PFI1, will be received by the network after the Packet Resource Request (carrying PFI2 and Radio Priority 2) and could be interpreted by the Network as related to the flow context identified by PFI2. Note that, this is in contradiction with the [R2] because the LLC PDUs with lower radio priority shall be sent only when LLC PDUs with higher radio priority are transmitted.
Note that the PFI is present in the header of RLC/MAC data block only during the contention resolution procedure. 
Case 2 : New upper layer PDU (LLC) with different PFI with higher QoS service is received while  LLC-PDUs with lower QoS level are in transfer
An on-going uplink TBF is already established for the transmission of LLC-PDU1 associated to a flow context identified by  PFI1, which corresponds to a low QoS (low level of radio priority for example). This LLC-PDU1 is segmented onto n RLC data blocks : B11, B12, …, B1j, B1,j+1, …., B1n, and sent over the air.

Before the transmission of the last RLC block of the LLC-PDU1, two others LLC-PDUs  are transmitted to RLC layer. The first one with  PFI1 (same PFI as LLC-PDU1), and the other with PFI2, which corresponds to a higher level of QoS (higher level of radio priority for example).



















In this scenario, the LLC-PDU 3 (with high level of service) will be sent to the network only as soon as the last block of the LLC-PDU1 is transmitted over the air.  Transmitting Packet Resource Request message immediately after the detection of the PFI change allows to reallocate immediately the resource for the on-going uplink TBF and then to speed up the transmission of the LLC-PDUs requiring higher radio priority. 

Case  3 : Mixed upper layer PDUs with different PFIs are to be sent :

In this case the upper layer (LLC) sends PDUs belonging two different flow contexts. The  RLC layer receives alternatively several LLC PDUs corresponding to different PFIs (one LLC-PDU with PFI_1 and the next one with PFI_2, then one LLC-PDU with PFI_1, etc …)

As the Packet Resource Request message is sent immediately after the reception of the upper  layer PDU, then some uplink resource will be waste to send successive Packet Resource Request messages and the throughput could be worst than in the case of Radio Priority or peak throughput use.

Indeed, in the current specification, if PFI is not used (for example, with a R98 network), the Radio Priority or Peak Throughput are used to schedule the transmission of PRR message. So the mobile station will send first the LLC-PDU with higher priority (or same priority but higher peakthroughput) and a PRR message will be sent to the network only when all of this kind of PDUs are transmitted.
Since the PFI was introduced, the MS is allowed to transmit the PRR message as soon as a PFI change is observed by RLC. Indeed, the PFI value is considered as an absolute number that is associated to the activated PDP context.

4. Proposed Clarification and Improvement
· 
· To issues described in the above the cases, it is proposed  that 
 Radio Priority and the Peak Throughput change procedure shall take precedence over the PFI change. It means that the Radio Priority and Peak throughput shall be analysed first and the relevant procedure  performed if a change is observed. So, the specific PFI change procedure will be executed only if neither the Radio Priority nor the Peak throughput has changed.
A PACKET RESOURCE REQUEST message is immediately transmitted when the new upper layer PDU has the same Radio Priority and Peak Throughput as the current TBF or when the new upper layer PDU has higher Radio Priority or the same Radio Priority but higher peak throughput. The transmitted PRR message shall carry the PFI value associated to the relevant new upper layer PDU.

The section 8.1.1.1.2 of the 3GPP TS 44.060 could be changed as following:

“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 has the same RLC mode as the current uplink TBF, and either a higher radio priority or the same radio priority but a higher peak throughput class, irrespective of the PFI value, the mobile station shall immediately request a resource reallocation for uplink according to the new Radio Priority and peak throughput class and PFI of the new upper layer PDU by sending a PACKET RESOURCE REQUEST message on the PACCH ….” 
“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, irrespective of the PFI value, 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) according to their Radio priority, peak throughput class and PFI by sending a PACKET RESOURCE REQUEST message on the PACCH …...”
“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 has the same Radio Priority and Peak Throughput but 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 on the PACCH ….”

The section 8.1.1.3a.5.2 is also updated using the same principle.
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