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Introduction

A similar contribution was presented during the GERAN WG2 discussions of the last plenary meeting. A new version is presented here with a few modifications, taking into account the comments received during the presentation. It is hoped that agreement can be reached at this meeting.

Context

It appears that the standard is insufficiently clear on the way the PDU lifetime IE in a BSSGP DL-UNITDATA PDU can be set by the SGSN. In particular it is not explicitly stated how the field can vary for consecutive LLC PDUs sent on the same LLC SAPI for a particular mobile station. This prevents the BSS to make any use of this field for resource scheduling, which is detrimental to the overall Quality of Service offered to a user.

Understanding of the supporting companies

Our understanding is that the PDU lifetime shall be initialised to the same value for consecutive LLC PDUs sent on the same LLC SAPI for a particular mobile station when passed down from the LLC layer to the BSSGP layer in the SGSN. The PDU lifetime value received by the BSS, depending on the BSSGP queuing delay and whether or not this queuing time is taken into account in the final value, may vary within a single LLC SAPI for a particular Mobile Station. Given the understanding expressed above and assuming the PDU lifetime is decreased within the BSS from when it is received until the corresponding LLC PDU is scheduled over the radio interface, this PDU lifetime in the BSS can not be shorter for an LLC PDU N+1 compared to an LLC PDU N if they belong to the same LLC SAPI and are addressed to the same MS.
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Figure 1 - PDU lifetime setting within the SGSN

Figure 1 shows the PDU lifetime setting within the SGSN according to our understanding. Figure 2 shows the detailed calculations for computing the PDU lifetime of a given PDU which is buffered in the BSS and compare it with the PDU lifetime of a subsequent PDU.
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Figure 2 – Detailed calculations of the PDU lifetime value

It is assumed that the same transfer delay is seen on the Gb interface. Note that the BSSGP-SGSN queuing delay may not be taken into account; in that case, we have: DN = DN+1 = 0. The constant PDU lifetime for an LLC PDU when received from LLC is assumed to be T for LLC SAPI l and mobile station m. Those figures consider the case of a PDU and its follower on LLC SAPI l addressed to mobile station m. They are called here LLC PDU N and LLC PDU N+1 for ease of understanding. Provided the BSS decreases the PDU lifetime of each PDU from when it is received onwards, we have in the BSS according to figure 2:

PDU lifetime (LLC PDU N+1) @ reception (LLC PDU N+1) 
= T – DN+1
PDU lifetime (LLC PDU N) @ reception (LLC PDU N+1)

= T – DN+1 – (t2 – t1)

Since the LLC PDU N is received from LLC before the LLC PDU N+1 in the SGSN, we have: t2 ( t1 and therefore:

PDU lifetime (LLC PDU N) @ reception (LLC PDU N+1) ( PDU lifetime (LLC PDU N+1) @ reception (LLC PDU N+1)

Following reception of the LLC PDU N+1, both PDU lifetime values will be decreased in the same way. Therefore it is always guaranteed that the PDU lifetime stored in the BSS is shorter for an LLC PDU compared to any LLC PDU sent afterwards on the same LLC SAPI and for the same Mobile Station.

Note: The same Gb delay should be experienced statistically by consecutive LLC PDUs.

Note: When talking about LLC PDU N and N+1, we refer only to the fact that they are sent consecutively by LLC in the SGSN on LLC SAPI l for the mobile station m. There is no correlation obviously between N, N+1 and the transmitter send or unconfirmed sequence numbers of those LLC PDUs. For example, in LLC acknowledged mode, the transmitter send sequence number of what we call LLC PDU N may be higher than that of LLC PDU N+1, if the latter corresponds to a re-transmitted LLC PDU.

Quality of service considerations

At PDP context activation, the mobile station and the SGSN together with the GGSN will negotiate the transfer delay value to be associated to that PDP context and the mobile station will be assigned an LLC SAPI accordingly. When exchanging data, that LLC SAPI provides a logical link between the mobile station and the SGSN at layer 2 level. The LLC PDUs are numbered consecutively on the LLC SAPI and therefore they shall not be de-sequenced by the BSS.

To ensure the transfer of LLC PDUs to the mobile station, the BSS only has the “PDU Lifetime, the Precedence Class and the (peak) bit rate” available from the BSSGP layer as input parameters for “its radio resource scheduler” (section 6.1 of 3GPP TS 08.18). The (peak) bit rate describes the required throughput and the precedence “specifies the relative importance compared to other bearers for allocation and retention of the bearer” (section 6.4.3.1 of 3GPP TS 23.107). The PDU lifetime is therefore the only parameter available, which tells about the constraints on the transfer delay to the BSS. Indeed, the BSS does not know the LLC SAPI to which a BSSGP PDU belongs since it is not visible from the BSSGP layer, (and) below the LLC layer. The PDU lifetime can then be used by the BSS radio scheduler to grant higher priority to downlink LLC data flows that have more stringent transfer delay constraints, between different data flows intended either to different mobile stations or even to the same mobile station.  

As an example, when two data transfers intended to the same mobile station having different transfer delay requirements are received by the BSS, e.g. 10 kBytes of interactive data are received from the SGSN after 1 MBytes of background data, it is strongly desirable to schedule in priority on the radio interface the interactive data. Otherwise the interactive data which must be transferred rapidly on the radio interface will be stalled behind the background data transfer for a long time, which goes against any sensible QoS consideration. Clearly, those two data transfers will belong to two different PDP contexts, with different transfer delay constraints and different LLC SAPIs. The PDU lifetime values will also be different since they are the only parameter available to the BSS for transfer delay consideration.

Because the PDU lifetime is the only parameter that can be used by the BSS to give more or less priority in the scheduling of the PDUs on the radio interface (as allowed by the 3GPP TS 08.18, see next section), it becomes a requirement that the PDU lifetime be set consistently for the LLC PDUs that are sent on the same LLC SAPI to a particular mobile station. Indeed, a way for the BSS to ensure the transfer of LLC PDUs with more stringent transfer delay requirement ahead of other LLC PDUs with less stringent transfer delay requirement is to schedule in priority those PDUs with a shorter PDU lifetime. However, in order to guarantee no de-sequencing within an LLC SAPI for a particular Mobile Station, the PDU lifetime in the BSS of an LLC PDU N shall always be shorter than that of LLC PDU N+1. Otherwise, since the BSS cannot know the LLC SAPI, it could potentially send PDUs in a de-sequenced order on the same SAPI. According to our understanding (see previous section), the above requirement should be met by the SGSN.

Current requirements of the Standard

QoS differentiation can be done according to the transfer delay requirement of a particular PDP context (e.g. to differentiate interactive services versus background services). The parameter Transfer Delay Class has been defined in that regards, and determines, as described in section 15.2.2 of the 3GPP TS 03.60 v6.7.0, “the per-packet GPRS network transit delay”. 

The current standard explicitly defines that:

· the SNDCP PDUs sent on the same LLC SAPI shall have the same QoS delay class (cf 3GPP TS 03.60 v6.7.0, section 12.3) ; 

· the BSS may manage different queues of DL LLC PDUs according to the delay class parameter. 

The ambiguity comes from the fact that the transfer delay class parameter has not been defined in the 3GPP TS 08.18 v6.7.1 under the same wording, but according to our understanding, the “PDU lifetime” name was used instead. 

However it is an implicit understanding that the PDU lifetime reflects the transfer delay class parameter defined in the 3GPP TS 03.60 for the BSS-MS part. It is felt that it was the intention when the standard was defined.

This is also why the 3GPP TS 08.18 v6.7.1 specifies that the PDU lifetime may be incorporated into the BSS radio resource scheduler. The PDU lifetime should indeed be set by the upper layers (LLC layer) according to the transfer delay class negotiated for the particular PDP context. This setting should be consistent with T200/T201 setting when operating in acknowledged LLC mode (see section 8.9.9 of 3GPP TS 04.64 v6.8.0) and the retransmission timers of upper layers, if any, in LLC unacknowledged mode. In the same way that the same transfer delay class parameter shall be used for consecutive SNDCP PDUs sent on the same LLC SAPI, it is our understanding that the same PDU lifetime parameter shall be used for consecutive LLC PDUs sent on the same LLC SAPI. Due to BSSGP queuing, the same PDU lifetime parameter may however not be observed for consecutive BSSGP PDUs sent on the same LLC SAPI.

Conclusions

There is no doubt that it is allowed by the standard to take into account the PDU lifetime in the BSS radio resource scheduler. Not doing so would go against any sensible QoS considerations.

It is proposed to explicitly state the following in section 6.1 of 3GPP TS 48.018 Rel4:

“The PDU lifetime shall be set to a constant value for consecutive downlink LLC PDUs sent on the same LLC SAPI for a particular mobile station when received from the LLC layer. Due to possibly varying queuing delay in BSSGP that may be taken into account in the PDU lifetime setting, the PDU lifetime of such LLC PDUs may not be the same at the time of sending to the BSS. However, because of the above requirement, the remaining PDU lifetime in the BSS of a given LLC PDU will always be shorter than that of an LLC PDU sent afterwards by the SGSN when they belong to the same LLC SAPI and are addressed to the same Mobile Station.

Note:
The PDU lifetime of LLC PDUs sent via different LLC SAPIs may be set by BSSGP to different values when received from the LLC layer. In this case, the PDU lifetime should be shorter for PDP contexts having more stringent transfer delay requirements.”


























































