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Abstract of the contribution: Discusses the options to perform UL rate control per UE-PDN connection in the eNodeB and proposes to communicate to consult RAN2 for the preferable option.
1.

Introduction

At SA2#59, there were two agreements regarding signalling and policing of AMBR for UL traffic [S2-073863, TS 23.401].

1). the AMBR values for  UL that apply to a particular PDN connection are communicated to the PDN GW and eNodeB upon the establishment of the default EPS bearer to this PDN connection. 

2). the AMBR policing of UL traffic is performed at the eNodeB.

In our opinion, the information on AMBR per PDN connection could be used by the eNodeB to control the UL traffic scheduling in efficient and fair manner.

This contribution aims to provide our view on the usage of AMBR information in deriving scheduling priority parameters for UL radio bearers with respect to the agreed UL rate control mechanism in RAN2.  

2. Discussion – Overview of UL scheduling 
In order to utilise an AMBR to limit a data amount sent to the respective PDNs, the AMBR needs to be enforced for each of the non-GBR bearers connecting the UE with a particular GW providing access to a specific PDN.

According to the RAN2 agreement, UL resource is assigned by the eNodeB according to the traffic volume reported by the UE. The UL resource is allocated on a per UE basis. The scheduling of radio bearers into the allocated grant is performed by the UE. In order to control the radio bearer scheduling by the UE, an uplink rate control function which manages the sharing of uplink resources between radio bearers has been defined. The eNodeB configures each radio bearer with scheduling parameters such as an absolute priority value and a Prioritised Bit Rate (PBR) value. The assigned priority value and the PBR are signalled to the UE together with the radio bearer configuration information. The priority value is decided by the eNodeB based on the QoS information received from the MME. The PBR sets an uplink rate control limit at the UE that ensures that the UE serves its radio bearers in decreasing priority order up to their PBR value.  If any resources remain available, all the radio bearers are served in a strict decreasing priority order up to their MBR (if configured). In case no MBR is configured the radio bearer (such as the case for non-GBR bearers) is served until either the data for that radio bearer or the UL grant is exhausted, whichever comes first. 
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Figure 1: AMBR applies to all non-GBR bearers for a certain UE-PDN connection
Nevertheless the assignment of these scheduling parameters at the moment is not associated with the AMBR that applies to the entire UE-PDN connection that this radio bearer serves and not just the radio bearer itself. This means, if two bearers are having the same QoS characteristics (i.e. QCI) and although they belong to two different PDN connections one with high and one with low AMBR values respectively, both radio bearers will have the same scheduling treatment. For example, if a bearer serves HTTP traffic from VPN with high AMBR and HTTP traffic from the Internet with low AMBR the same scheduling treatment at the eNodeB and the UE will apply to both. If on the other hand the AMBR and PDN GW identifier is taken into account as well, the traffic from VPN should be treated with higher priority than that from internet. In other words, HTTP from VPN should have better scheduling treatment than the HTTP from internet. This suggests that in the scheduling parameter assignment should also consider the AMBR or the associated PDN GW in the assignment. 

There is a number of ways to convey the AMBR or the associated PDN GW in the scheduling parameter assignment to the UE.

Option 1). Via the assignment of radio bearer priority value 

The radio bearer priority is assigned taking into account the AMBR of the PDN which the bearer belongs to.

Option 2). Via the assignment of PBR

The PBR is assigned taking into account the AMBR of the PDN which the bearer belongs to.

Option 3). Via the assignment of MBR

The MBR is assigned taking into account the AMBR of the PDN which the bearer belongs to.

Option 4). Direct indication of AMBR or assignment of an absolute value to indication of AMBR
This is proposed in [3] from Samsung.
In Option 1, as the radio bearer priority is not only based on the QoS of the bearer, but also the AMBR of the PDN relative to the other PDN connections which are been established, the radio bearer priority value should be re-configured after every establishment/release of a radio bearer either belong to the same PDN or different PDN. Even though the procedure is simple, this creates a large amount of signalling overhead.

In Option 2, the radio bearer priority value is assigned based on the QoS characteristics of the bearer. However, the assignment of PBR is done taking into account the AMBR of the PDN which the bearer belongs to. For example, if two radio bearers having the same QoS characteristics and belong to two different PDN then the bearers will be assigned with the same radio bearer priority value but with different PBR values. If a radio bearer is established/released then the other radio bearers belong to the same PDN should be re-configured with modified PBR values. However, the establishment/release of a radio bearer does not affect the PBR configuration of a radio bearer belongs to a different PDN. Hence, this approach is better than Option 1 in terms of signalling overhead.

In Option 3, the radio bearer priority and PBR are assigned based on the QoS characteristics of the bearer. However, MBR for each bearer is calculated taking into account the AMBR of the PDN. This also has the same advantage as in Option 2 in terms of reduced signalling overhead compared to Option 1. However, according to the RAN2 stage 2 agreements, there is no MBR value associated with non-GBR bearers. 

According to Option 4, AMBR of the PDN or assignment of an absolute value to indication of AMBR is signalled to the UE. In this case the assignment of radio bearer priority value and PBR of the radio bearer is not effected by the value of AMBR of the PDN. The UE takes the AMBR, radio bearer priority value and PBR is allocating resources for UL radio bearers.  Release or establishment of a radio bearer does not affect the configuration of other bearers and does not introduce any signalling overhead. However, according to the current RAN 2 agreement, AMBR is not signalled to the UE.

3. Proposal
Based on the analysis above, purely from signalling point of view, Option 4 results in low signalling overhead compared to others. However, option 4 requires a signalling of AMBR value to the UE and the UE would be in charge of allocating the resources among UL bearers taking into account AMBR of the PDN, PBR and priority value of the radio bearer, this is going to make the UL rate control procedure in the UE quite complex. Option 1 results in higher signalling overhead compared to others. Both Option 2 and 3 are similar in signalling aspect. Option 3 requires the introduction of MBR per non-GBR bearers. Therefore we would prefer Option 2 considering it’s simplicity in terms of standardisation activities.

Overall we believe that it is feasible to enforce UL AMBR per PDN in the eNodeB with any of the existing UL scheduling mechanisms that exist and briefly described in this paper, nevertheless we believe that is ultimately RAN2’s decision to decide which is the preferred mechanism in order to perform UL rate control for AMBR per UE-PDN connection and a set of findings and questions need to be communicated to RAN2 with regards to this topic prior to deciding whether this is feasible or not as proposed in [4] and [5]. 
The authors of this contribution volunteer to draft an LS in case this proposal gets agreed.
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