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Introduction and Background
It has been agreed in S2-083141 to define the EPS bearer level QoS parameters UL APN-AMBR, DL APN-AMBR, UL UE-AMBR, and DL UE-AMBR. Furthermore, it has been agreed that the DL APN-AMBR should be enforced in PGW.
It seems widely agreed that UL UE-AMBR should be enforced in the E-UTRAN. In fact, S2-083141 should not have deleted the corresponding bullet from Section 4.4.1 in TS 23.401. Only the "AMBR" should have been replaced with "UE-AMBR". This has been corrected in the CR proposed in S2-083252. Furthermore, RAN2 already agreed that the UL UE-AMBR will be enforced by the eNB, i.e., without UE involvement. See R2-071176 / CR002r1 (in RP-070494). Note that the eNB can enforce the UL UE-AMBR without having to drop any UL packets (e.g. by limiting the amount of UL resources granted per UE over time). I.e., excess traffic can be “back pressured” into the UE. At the time that RAN2 made this agreement the AMBR had still been defined as a UE-AMBR in TS 23.401. In later SA2 meetings the AMBR got redefined to be a per-PDN-AMBR. 
One of two remaining FFSs related to AMBR enforcement is the enforcement of the DL UE-AMBR. This aspect is out of scope of the discussion presented in this contribution.

The other FFS related to AMBR enforcement is the enforcement of the UL APN-AMBR. This aspect is the focus of the discussion presented in this contribution.

Discussion: Enforcement of the UL APN-AMBR
It seems widely agreed that the UL APN-AMBR should not be enforced in the E-UTRAN in order to keep the E-UTRAN agnostic to the notion of APNs and PDNs. After all, that was the reason to introduce UL UE-AMBR and DL UE-AMBR. This leaves three possible options for the enforcement of the UL APN-AMBR:

· Option 1: Enforcement of the UL APN-AMBR only in the PGW

· Option 2: Enforcement of the UL APN-AMBR only in UE

· Option 3: Enforcement of the UL APN-AMBR in the PGW and additionally in the UE
Relying only on the UE to enforce the UL APN-AMBR places a high level of trust in the UE. This is not expected to be acceptable by most operators. UEs can be hacked. It is therefore proposed that the PGW anyway enforces the UL APN-AMBR. This rules out option 2.
If only the PGW enforces the UL APN-AMBR (option 1) then in certain situations a certain fraction of UL packets will need to be dropped in the PGW. This would be avoided by enforcing the UL APN-AMBR additionally in the UE (option 3). 

We believe that those certain situations will be rare since it requires frequent and long bulk data transfers in uplink direction. However, Internet / VPN traffic is typically asymmetric where frequent and long bulk data transfers most typically occur in the downlink direction. 
Furthermore, dropping of UL packet in the PGW can be completely avoided by ensuring:
UL UE-AMBR ≤ UL APN-AMBR.

But even if UL UE-AMBR > UL APN-AMBR then the UL packet drop rate to be applied by a rate shaper to enforce an AMBR is negligible. It should be rare that a voice / video source (not responsive to packet drops) exceeds an UL APN-AMBR. And even in case of such a rare event the exception handling in the PCC infrastructure is available to address this case (e.g., by dropping the bearer).

Thus, it can be assumed that AMBR enforcement will most typically be applied to TCP-based traffic. However, only a single packet needs to be dropped per TCP congestion avoidance cycle to shape a TCP source to a certain AMBR. See Figure 1. This is, due to the standardized and mandatory TCP congestion control algorithm specified in RFC2581. All widely deployed client and server operating systems comply to RFC2581.
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Figure 1:
TCP’s Congestion Control Behavior

Based on the well-known “TCP Throughput Formula” (e.g., see ‎[1]) one can calculate the packet drop rate that needs to be applied by a rate shaper to enforce an AMBR for TCP-based traffic. For example, to enforce an UL APN-AMBR of 2 MB/s the PGW only needs to drop a single packet for roughly every 1000 packets.
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Packet 

Drop Rate 

in %

1 0.4267

2 0.1067

3 0.0474

4 0.0267

5 0.0171

10 0.0043

20 0.0011

50 0.0002


Table 1:
Packet Drop Rate to be Applied by a Rate Shaper to Enforce an AMBR for TCP-based Traffic
Note that this very fact (negligible packet drop rate to enforce an MBR for TCP-based traffic) is also exploited in state-of-the-art fixed broadband network deployments (e.g., DSL) where both the UL and DL subscribed Max. Bit Rates are enforced in the gateway (e.g., BRAS) and without involvement of the terminal (e.g., CPE).
Note further that Internet traffic today is still massively dominated by TCP-based applications / services. Not only the well-known applications / services such as FTP, e-mail, WWW, chat, etc. run on TCP. Also most popular video portals and peer-to-peer file sharing applications / services run on TCP. 
Proposal

Based on the discussion we conclude:

· With option 1 the dropping of UL packets in the PGW can be completely avoided by ensuring:
UL UE-AMBR ≤ UL APN-AMBR (operator policy decision)
· With option 1 and UL UE-AMBR > UL APN-AMBR the situations where UL packets would need to be dropped in the PGW are rare

· With option 1 and UL UE-AMBR > UL APN-AMBR a potential UL packet drop rate is negligible

It is our position that such low gains of option 3 do not justify the complexity of adding a mostly redundant function (enforcement of the UL APN-AMBR) into the UE.
We therefore, propose that SA2 agrees to option 1, and removes the corresponding FFS from S2-083252:

“Editor's note: It is FFS where UL enforcement of APN-AMBR is additionally performed in the UE.”
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