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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.
Many to One Design: This paper assumes a many-to-one design for mapping Uu bearers of multiple QCIs to Un bearers, i.e. it is possible to map Uu bearers of multiple QCIs to the same Un bearer, as shown in Figure 1. Note that a many to one design results in some loss of QoS granularity on the Un interface, but this is understood to be acceptable because of the higher link quality on the Un interface, and the associated lower stress on the QoS scheduler. 

Many-to-one mapping provides flexible bearer management and potentially eliminates 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
Proposal 1: Many-to-one mapping from Uu bearer QCI to Un DRB should be supported.
This paper  further addresses how the operator can control the set of QCIs that get mapped to a Un bearer. Note that this problem is specific to the case when more than one QCI maps to a Un bearer (if it were only one QCI, the mapping would follow naturally, and a Uu bearer will map to a Un bearer with matching QCI).
Signalling to configure the Mapping: In R2-103783 [1] and R3-101945 [2], we presented possible Un bearer management methods to dynamically configure QCI based Uu-Un bearer mapping. These methods introduce modifications of some existing messages by adding either a new IE or a new field to specify all the QCIs that should be mapped to the underlying Un bearer and provide full flexibility and explicit control to manage the Uu-Un bearer mapping. 
To prevent introducing changes in existing Un bearer management messages, a DSCP based approach was discussed in RAN2 #70bis meeting. Since the Un bearer management method in LTE Release 8 can dynamically configure the Uu-Un bearer mapping using TFTs that filter based on DSCP, once the mappings between QCI and DSCP are specified, the current Un bearer management method will be able to dynamically configure QCI based Uu-Un bearer mapping. The mappings between Uu bearer QCI and the DSCP in the outer IP header can either be specified in the standard or dynamically configured.
In this paper, we discuss the methods and argue that for relay inter-operability and ease of QoS management, one of the following three methods should be adopted:

· Option 1a: DSCP based approach with OAM configured QCI to DSCP mapping

· Option 1b: DSCP based approach with standard specified QCI to DSCP mapping
· Option 2: RRC based approach with direct QCI to Un bearer mapping.

2. Discussion
2.1. DSCP based Uu-Un Bearer Mapping
2.1.1. User Plane Operation of DSCP based solution
Uplink Direction: A UE user-plane packet in the uplink direction traces a path as shown in the figure below.
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Figure 2: Uplink bearer mapping with DSCP based solution

1. 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. 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. 
Note that in step 2, the typical 5-tuple based filtering is not adequate for discriminating packets of different QCIs.
Downlink Direction: A similar set of procedures occurs, and is described below.
1. UE packet reaches UE GW in the core network (UE GW = SGW + PGW)
a. UE GW filters the packet based on 5-tuple and assigns a UE-bearer ID and QCI

b. UE-GW adds a GTP/IP header, with DSCP mapping as configured by operator for that QCI

2. Packet reaches DeNB (RN-GW part of DeNB)
a. RN-GW filters the packet based on DSCP (assigned by UE-GW, assuming this is not altered by intervening routers) and maps the filter to the right Relay bearer (Un bearer). 
2.1.2. Control Plane Operation of DSCP Based Solution

For bearer mapping to work in the manner described above, two consistent mappings need to be maintained.

· At RN: QCI to DSCP mapping performed in the “eNB part” of the RN (UL), for which no standardized method is available currently. 

· At DeNB: Knowledge of the QCI to DSCP mapping used by the RN. The GW function of the DeNB can use this knowledge to provide appropriate TFTs to the “UE part” of the RN (Figure 3), so that the “UE part” of the RN can map packets to the right Un bearer based on DSCP markings.
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Figure 3: Configuration of DSCP based filtering to determine Un bearer (same as 36.300)
Although the DSCP should be set based on EPS QCI, the standard does not have a defined mapping between QCI and DSCP, nor has a way to define a consistent mapping that is known by both RN and the DeNB.
The following sections provide options for providing a consistent the QCI to DSCP mapping. 
2.1.3. OAM based configuration of the mappings between QCI and DSCP (Option 1a)
The mapping between Uu bearer QCI and the DSCP in the outer IP header can be dynamically configured by RN’s OAM and the DeNB’s OAM.  The configuration parameters the RN’s OAM sent to the RN can include the mapping between QCI and DSCP, and the configuration parameters the DeNB’s OAM sent to the DeNB can include the mapping between QCI and DSCP. 
For this option to work, the RN’s OAM and DeNB’s OAM need to communicate with each other to synchronize the specific mapping between QCI and DSCP.

2.1.4. Standardized mappings between QCI and DSCP (Option 1b)
The mapping between Uu bearer QCI and the DSCP in the outer IP header can also be statically specified in the standard. There are 64 DSCP values available. Hence, 64 Uu bearer QCIs can be supported when the mapping between QCI and DSCP is standardized. For example, we can have QCI=1 mapped to DSCP=1, QCI=2 mapped to DSCP=2, and so on. We think 64 QCIs are sufficient for differentiating QoS requirements of Uu bearers.

The standardized mapping between QCI and DSCP does not lose flexibility for bundling Uu bearers of certain QCIs to the Un DRBs and does not impose message changes in the standard. Further, since the UL GTP/IP header is reconstructed in the DeNB, the statically mapped DSCP value gets used only on the Un interface, and hence has no adverse effect on the backhaul QoS.
Proposal 2: If a DSCP based option is selected, standardize a one-to-one mapping between Uu Bearer QCI and the DSCP in the outer IP header, so that QCI = n is mapped to DSCP = n, where n is from 1 to 64.
2.2. RRC Based Uu to Un bearer mapping (Option 2)
In the RRC based option, DSCP is not used as an intermediate step in the Uu to Un bearer mapping process. Rather, the mapping is provided directly by RRC.
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Figure 4: Uplink bearer mapping with RRC based solution

The procedure of RRC based bearer management is illustrated in Figure 5. This method also relies on the baseline provided in 36.300, but requires RRC changes. A new IE can be introduced in the RRC Connection Reconfiguration message specifying all QCIs that are mapped to this Un DRB. The decision about the mapping is made by the DeNB, and provided to the RN via RRC.

In this approach, the RN’s MME only authorizes the EPS Bearer QoS proposed by the RN’s S/P-GW and does not need to be aware of the multiple QCIs mapped to  the Un DRB. Hence, S11, NAS, or MME changes are not needed. We propose to use the RRC based method for Un bearer management.
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Figure 5: RRC Based Un Bearer Management Call Flow (modified from 36.300)

Proposal 3: If the RRC based solution is selected, a new IE in the RRC Connection Reconfiguration message is introduced to specify all QCIs that are mapped to the Un DRB. 
3. Conclusion

In this paper, we discuss methods of specifying the mappings between QCI and DSCP, and also present an RRC based option. As a conclusion, we have the following proposals for RAN3: 
Proposal 1: Many-to-one mapping from Uu bearer QCI to Un DRB should be supported.
Proposal 2: If a DSCP based option is selected, standardize a one-to-one mapping between Uu Bearer QCI and the DSCP in the outer IP header, so that QCI = n is mapped to DSCP = n, where n is from 1 to 64.

Proposal 3: If the RRC based solution is selected, a new IE in the RRC Connection Reconfiguration message is introduced to specify all QCIs that are mapped to the Un DRB. 
Proposal 4: Discuss the DSCP based and RRC based options for Uu to Un bearer mapping.
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