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1. Introduction

In LTE networks with Relays, multiple Uu bearers can be mapped to a single Un bearer. To ensure user traffic gets the appropriate QoS on the Un interface, the network should be able to control how the Uu bearers get mapped to the available Un bearers, depending on the QCIs of the Uu and Un bearers.
In RAN2 #71 meeting and RAN3 #69 meeting, it is agreed that Uu bearers of multiple QCIs can be mapped to the same Un bearer, as shown in Figure 1. Many-to-one mapping provides flexible bearer management and can eliminate the need for changing the requirement of the maximum number of data radio bearers on the Un interface. Based on the properties of a QCI, the network can decide which QCIs can be bundled together and which QCIs can be mapped to separate Un DRBs and, when traffic in the network spans a small number of QCI types, the QCIs can still enjoy a one-to-one mapping relation with Un DRBs.
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Figure 1: Many to one mapping of Uu to Un bearers
For downlink, the DeNB is responsible for setting up the Un bearers. Hence, it can map Uu bearers to the Un bearers properly based on the configuration from the operator. For uplink, RN needs to be informed the rules for mapping Uu bearers associated with QCIs to Un bearers. This paper addresses how the operator can control the set of QCIs that get mapped to a Un bearer. 
2. Discussion
2.1. Bearer Mapping Solutions

The following solutions are possible for configuring the mapping:

 Option A1: Uu QCI to Un QCI mapping based approach: 

The relay’s OAM configures the mapping between Uu bearer QCI and Un bearer QCI provided with the Un bearer setup. Note that Un bearer QCI is sent on the NAS ESM layer to the RN. The relay subsequently maps Uu bearers of certain QCIs to a Un bearer of a corresponding QCI.
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Figure 2: Uplink bearer mapping with Uu QCI to Un QCI mapping
A UE user-plane packet in the uplink direction traces a path as shown in Figure 2 under this approach. The processing of the packet is the following:

1. A packet reaches RN, where the “eNB part” of RN first determines QCI based on the UE bearer. Then, the RN maps the packet to a certain Un QCI.
2. A packet reaches “UE part” of RN. The RN then puts the packet into the corresponding Un DRB queue based on the Un DRB ID associated with this Un QCI. 

 Option A2: DSCP based approach: 

The relay’s OAM configures the mapping between Uu bearer QCI and the DSCP at the relay. Once the mappings between QCI and DSCP are specified, the DSCP-based TFTs in the LTE Release 8 Un bearer management method will be able to dynamically configure QCI based Uu-Un bearer mapping. 
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Figure 3: Uplink bearer mapping with DSCP based solution

A UE user-plane packet in the uplink direction traces a path as shown in Figure 3 under this approach. The processing of the packet is the following:

1. A packet reaches RN, where the “eNB part” of RN first determines QCI based on the UE bearer, and then applies GTP/IP header, with DSCP mapping as configured by the operator for that QCI. Note that this is the same operation as performed by wired eNB.

2. A packet reaches “UE part” of RN, which filters the packet based on DSCP and maps the filter to the right Relay bearer (Un bearer). The filter is as provided to the RN by the RN-MME. 
Common Aspects (DeNB awareness of mapping used by RN)

The approaches A1 and A2 have a common aspect that the DeNB has to be aware of the Uu to Un mapping in use by the RN. This is for proper scheduling and MAC operation on the UL. The DeNB is responsible for configuring the MAC parameters used by UE/RN for uplink scheduling (i.e. priority, prioritizedBitRate, and Bucket Size Duration). 

· If there was only one-to-one QCI mapping: the bit rate will be estimated by DeNB based on knowledge of UEs connected to the RN, which DeNB knows due to S1 proxy function. So a trivial way would be to set bit rate to a summation of the bit rate for all UEs using that QCI.

· With many-to-one QCI mapping: DeNB has to know the mapping used at RN to do the summation described above. 
In addition to computation of the MAC parameters, the actual packet scheduling can also keep in mind that multiple QCIs are using the same Un bearer.
2.2. Comparison between Bearer Mapping Solutions

DSCP based approach (A2): 
· Impact to existing standards: This solution already supported today, since the TFTs which are sent on NAS ESM level contains the DSCP / Type of Service as a possible filtering. There will be no core specification impact. 
· OAM and S1/X2 Signalling: TFTs can be used to filter packets of OAM traffic and S1/X2-AP into the correct Un DRBs.
· Reduced OAM Coordination: It is important the Uu to Un bearer mapping is known at both the RN and the DeNB (refer to common aspects above). With the DSCP based approach, the operator can statically configure a simple one-to-one QCI to DSCP mapping at both the RN and DeNB. The further details of QCI to Un bearer mapping can be provided to the RN via TFTs that originate at the DeNB (i.e. PGW function in DeNB). 
· Further, the OAM may specify a default QCI to DSCP mapping (e.g. one to one), thereby fully eliminating the coordination between OAMs. For networks where more than 64 QCIs are used, a non-default OAM setting could be used.
· Possibility for dynamic DeNB control: This solution allows the DeNB to dynamically control the QoS treatment of UE traffic over the Un interface, as the TFTs are provided by the P-GW embedded in the DeNB. The QCI mapping can be adjusted based on the loading on Un bearer. For example, if at some point in time, none of the UEs under RN are using specific QCIs (leading to some Un bearers going unused), then the mapping may be modified to make it one-to-one instead of many-to-one. This improves scheduling efficiency.

· Note: This is a “nice to have” advantage of the DSCP based approach, but does not seem critical. It can be used in practice if Un loading turns out the be a problem.
Uu QCI to Un QCI mapping based approach (A1): 

· Impact to existing standards: This solution needs the RN to ignore the TFTs associated with the Un DRBs for carrying Uu bearer traffic and map traffic based on the relation between the Un DRB ID and its QCI. The current standard does not list this as an option for filtering packets into the data radio bearers. Note that TFTs are a mandatory part of  NAS signalling during bearer creation, and ignoring the TFTs involves a change in the current understanding of TFT operation.
· Un bearer determination for OAM and S1/X2 Signalling: OAM traffic and S1/X2-AP signalling traffic does not have any natural QCI, and under a QCI-to-QCI based option, some extra work has to be done to be able to configure their Un bearer.  Possibly, the OAM object will have to be more than just a QCI-to-QCI table. Use of TFTs for filtering the packets into the correct Un DRBs avoids this problem. 
· Bearer mapping ambiguity in case of multiple Un bearers using same QCI: IMS signalling for users and X2/S1-AP signalling can both use QCI=5 (100ms, 10-6). It is desirable for various reasons to separate the user traffic from the OAM and X2/S1-AP signalling traffic into separate bearers. Such separation helps for logging the load on Un bearers due to the signalling traffic, or for scheduler level prioritization of IMS traffic over X2/S1-AP signalling. When two Un DRBs set up by the DeNB have an identical Un bearer QCI, the RN does not know how to map the packets of the corresponding Un bearer QCI to these two Un DRBs. The RN will have to use DSCP-based TFT again for resolving this issue. 
· Note: Based on offline discussion, there is not much interest in multiple Un bearers having same QCI.

Considering the characteristics of the above solutions, we have the following proposal:

Proposal 1: Adopt Option A2 (QCI to DSCP mapping configured by OAM), with a default value of the mapping being a one-to-one mapping.
3. Standardization Impact (OAM Aspect)
We discuss the need to capture option A1/A2 in the specifications, because of interoperability concerns.  We already motivated that for the uplink, RN and DeNB should have a common understanding of the mapping of Uu bearers to Un bearers.

· Under Option A1, this means that the QCI to QCI mapping should have the same setting at DeNB and RN. 

· Under Option A2, this means that the QCI to DSCP mapping should have the same setting at DeNB and RN. 

The RN vendor has to know that option A1/A2 has been selected, so that the relevant OAM object for QCI-QCI or QCI-DSCP mapping can be implemented in the OAM interface. Once RAN2 has made the decision between options A1 and A2, the appropriate OAM requirement will have to be specified in RAN3/SA5.
Apart from this OAM impact, option A1 has an impact on TFT handling, as discussed in Section 2.

4. Conclusion

In this paper, we discuss how the operator can control the set of QCIs that get mapped to a Un bearer. As a conclusion, we have the following proposal : 
Proposal 1:  Adopt Option A2 (QCI to DSCP mapping configured by OAM), with a default value of the mapping being a one-to-one mapping.
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