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This paper recommends the use of per-packet Drop Precedence (DP) indication. In addition it concludes that there is no need for S1 flow control if the eNodeB is provided with sufficient information for intelligent packet dropping.
1.
DiffServ provisions for Drop Precedence
The Assured Forwarding DSCPs (AF4x, AF3x, AF2x and AF1x) contain a two-bit Drop Precedence (DP) indicator. The “x” in the AFyx is precisely the DP indicator and can take three different values (1, 2, 3). For the purpose of this paper we will refer to these three values as colours: green, yellow and red. The packets can be coloured either by the application (e.g. a video application may mark less important video frames as “yellow”) or by the DifServ edge conditioner based on parameters such as GBR, MaxBR or token bucket size.
The main purpose of the DP bits is to assist the IP routers on the path for “intelligent packet dropping”. Note: by “intelligent packet dropping” in this paper we refer to a buffer management technique that takes into account any DP indication carried within the packet. E.g. in case of congestion any “red” packets will typically be discarded before any “yellow” packets which will typically be discarded before any “green” packets. Another feature of the “intelligent packet dropping” is that it takes place at the IP packet level (this note is important only for systems that do segmentation at L2 e.g. ATM or typical radio RLC/MAC protocols, because in such systems it is also possible to do “unintelligent dropping” at segment level).
In this paper it is argued that the DP information should be provided to the eNodeB on per-packet basis so that the eNodeB can do the “intelligent packet dropping”. Thanks to this it is argued that there is no need for S1 Flow Control.

2.
The HSDPA Example
HSDPA relies on a credit-based Flow Control mechanism across Iub. That is, at normal operation the eNodeB periodically provides transmission credits to the SRNC. When the NodeB buffers experience build-up (e.g. due to congestion on the radio) the eNodeB may request the SRNC to reduce or stop the transmission. This will then result in a buffer build-up in the RNC, forcing it to make one of the following actions: transport channel switching (to DCH), handover to another cell, radio bearer release or packet dropping.
In this paper we focus on the latter. It is true that the RNC is better suited to do packet dropping than the NodeB because it can do it at packet level (above PDCP). In addition, the RNC may also be aware of DSCP markings (at least, in theory) and inspect DP bits when dropping packets.

Following this logic in today’s UMTS, it may be argued that the same Iub Flow Control and RNC packet dropping model should be used for SAE by replacing NodeB and RNC with eNodeB and UPE, respectively.

However, there is an important difference. In the HSDPA case:
1) the PDUs carried across Iub correspond to segmented IP packets (cf. this is comparable to ATM where IP packets are segmented into ATM cells);
2) the PDUs carried across Iub have no DP indication.

As discussed in the introduction, these two are important enablers for “intelligent packet dropping”. This is why in HSDPA it makes sense to propagate a backpressure signal to the RNC, so that the latter can do more intelligent packet dropping then the NodeB.

Now, for SAE we do not expect to see any segmentation on the S1 (in theory there may be some segmentation at transport layer, but this segmentation is transparent to the UPE and the eNodeB). As a consequence, one S1 PDU always matches one IP packet. Furthermore, we expect (and propose) that DP indications are sent along with each S1 PDU. In this manner, the eNodeB has sufficient information for doing the “intelligent packet dropping” itself.

The advantage of packet dropping in the eNodeB is that it reacts instantaneously on buffer build-ups, whereas any S1 flow control would incur some latency, whose detrimental effect on the overall resource utilisation should be proportional to the data rates and traffic burstiness.
In any case, it is difficult to imagine how the UPE could do any “more intelligent” packet dropping than the eNodeB, since the eNodeB has the same information as the UPE.
3.
Proposal
It is proposed to agree that:

· Drop Precedence indication shall be provided on per-packet basis (or more precisely “on per-S1-PDU basis”);
· S1 flow control is not required and delete the FFS from the table on CN-RAN split (Section 7.4).
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