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1. Introduction

In LTE networks with Relays, multiple Uu bearers can be aggregated and served by a single Un DRB. In the downlink direction, the mappings between Uu bearers and Un DRBs are administered at the RN’s S/P-GW. In the uplink direction, the mappings are administered at the RN (see Section 6.2.2 in TS 23.203). These bearer mappings should be properly specified and enforced so that the QoS of the subscribed traffic can be ensured for terminals connected to the RN. 
QCI based Uu-Un bearer mapping is understood to be sufficient for QoS differentiation of UE traffic. In RAN3 #68 meeting, we showed that QCI based Uu-Un bearer mapping can be specified statically in the standard [1] or dynamically configured [2]. In this paper, we further discuss the topic and propose the detailed methods for realizing the Uu-Un bearer mapping.
2. Discussion
2.1. QCI Based Uu-Un Bearer Mapping

Two types QCI based Uu-Un bearer mapping are considered for this analysis.

One-to-one mapping: allows only one to one mapping between Uu bearer QCI and Un DRB. 
One-to-one only mapping provides complete QoS differentiation among different QoS traffic types during scheduling.
In the previous RAN2 meeting, it was argued that one-to-one mapping has a drawback: that additional radio bearers need to be defined.

Many-to-one mapping: a single or multiple Uu bearer QCIs can be mapped to a single Un DRB. 
Many-to-one mapping provides more flexible bearer management and potentially eliminates the need for changing the requirement of the maximum number of data radio bearers per UE. Bundling multiple QCIs over one Un DRB does not necessarily cause QoS performance degradation since the channel fading between a Relay and its DeNB is not that severe, leading to limited stress on QoS scheduler. 
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.
Proposal 1: Many-to-one mapping from Uu bearer QCI to Un DRB should be supported.
We note that one-to-many mapping in principle also exists. However, we view it as an unnecessary complexity, and note that there was not much support for such mapping in previous RAN3 meetings.

In the following sections, we propose the methods for realizing many-to-one and one-to-one QCI based bearer mapping.
2.2. Signalling design for Many-to-One Mapping
When many-to-one mapping is used, standard changes are needed to dynamically configure the mapping of QCIs to Un DRBs at RN and RN’s S/P-GW. 

The following two options can be used, mainly about how the DeNB tells the many-to-one QCI mapping to the RN:

· Option 1 – NAS based approach
· Option 2 – RRC based approach
2.2.1. Option 1 – NAS based approach
The procedure of NAS based approach is illustrated in Figure 1. The diagram is borrowed from Figure 4.x.6.2.1 in R2-103437 Relay CR to TS 36.300, which provides a baseline for the Un bearer modification procedure. 
In this approach, the MME is responsible for authorizing the EPS Bearer QoS associated with the Un DRB. In order to list more than one QCI mapped to a Un bearer, this method requires S11, NAS, and MME changes, as highlighted in Figure 1. In particular, required changes are listed below:
· Step 1: Change in S11 messages (Create Bearer Request and Update Bearer Request) for P/S-GW function in DeNB to specify the QCIs it wishes to assign to a particular Un DRB. 

· Step 2: Change in NAS (Session Management Request) to specify more than one QCI being mapped to a Un DRB
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Figure 1: Option 1 – NAS based Un Bearer Management Call Flow
We can choose from the following options for S11 and NAS changes:

· Add a new field in TFT to identify the Uu bearer that can be mapped to the underlying Un bearer. The Uu bearer being identified should have the desired QCI that is intended to be mapped to the underlying Un DRB. This method requires TFT change, since the IP 5-tuple fields used as the filtering parameters in the current TFT cannot distinguish different Uu bearers under a Relay. The new field to be added into the TFT can be TEID of the GTP tunnel.
· Add a new IE in S11 messages: (Create Bearer Request and Update Bearer Request), in S1-AP messages (E-RAB Setup Request and E-RAB Modify Request) and in the NAS message: (Session Management Request) to list all QCIs that should be mapped to the underlying Un DRB.
The TFT change based solution has several drawbacks. It does not explicitly specifying a strict QCI to Un DRB mapping. Furthermore, the TFT change based solution requires a Un bearer modification procedure to take place each time a new Uu bearer is activated, so that an additional SDF filter can be added to map the new Uu bearer into the Un DRB. 
2.2.2. Option 2 – RRC based approach
The procedure of RRC based approach is illustrated in Figure 2. This method also relies on the baseline provided in 36.300, but only requires RRC changes. We highlighted these changes in Figure 2. 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 2: Option 2 – RRC Based Un Bearer Management Call Flow

Proposal 2: If many-to-one mapping from Uu bearer QCI to Un DRB is allowed, adopt Option 2 – RRC based method shown in Figure 2 for Un bearer management.
Proposal 3: A new IE in the RRC Connection Reconfiguration message shall be introduced to specify all QCIs that are mapped to the Un DRB. 

2.2.3. Further Optimization – RRC only approach 

Typically, RRC and NAS signalling are used together for bearer creation and modification. However, the RN’s MME does not need to be involved in the management of the Un DRB at all, since the authorization function for traffic flowing over the network has already been performed by the UE’s MME. Further, the Un bearers do not involve any user plane network entities in EPC (as they terminate at the DeNB), and hence it is reasonable and logically consistent for the DeNB alone to be responsible for their management. This Un bearer management only requires RRC changes, and MME will not be involved. The procedure of RRC only bearer management is illustrated in Figure 3. 

Just as in the previous option, a new IE can be introduced in the RRC Connection Reconfiguration message specifying all QCIs that are mapped to this Un DRB. 
For the Un uplink, Radio Bearer QoS specified in RRC (PBR and priority) are sufficient for Relay, since EPS Bearer QoS parameters in the NAS message, such as GBR etc, are only provided to the application layer to handle its traffic flow and are not needed for Relay.
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Figure 3: RRC Only Un Bearer Management Call Flow

RRC only bearer management provides further optimizations in reducing the control overhead and delay for Un bearer management. For the Un interface, it should be noted that bearer modification is more frequent than bearer creation, because bearers are modified (potentially) for each UE joining the RN, but are created (potentially) when the RN begins operation. The modification will typically include adjusting the bit rate allocated to a certain bearer.

Given that the Uu bearer handling latency is important for UE, it should be possible to perform the RRC only method shown in Figure 3 for the Un bearer modification. For the Un bearer creation, full Option 2 can be used, since the Un bearer creation can take place ahead of Uu bearer creation indications. This will be a smaller change with respect to existing procedures where bearer creation operation is a joint AS-NAS operation.

2.2.4. Comparison Table for Signalling Options of Many-to-One mapping
The comparison among the three types of Un bearer management methods is summarized in Table 1. The main advantage of the RRC based and RRC only solutions is that there are no S11, MME or NAS changes. This reduces the specification work without affecting functionality. The RRC only solution has the further advantage of reducing the bearer management delay and overhead.
Table 1: Comparison among Different Types of Un Bearer Activation

	
	NAS based
	RRC Based
	RRC Only

	MME involvement
	Yes
	Yes
	No

	Bearer management delay and control overhead
	Regular
	Regular
	Reduced

	S11, MME, and NAS changes
	Yes
	No
	No

	WG CT1 and WG CT4 involvement
	Yes
	No
	No

	RRC changes
	No
	Yes 
	Yes 


Proposal 4: RAN3 to discuss the prospect of using the RRC only method shown in Figure 3 as an optimization for many-to-one QCI based Un bearer management, especially for bearer modification procedure.
3. Conclusion

The paper discusses different methods for mapping between Uu bearer and Un DRB, to be used for Un bearer management. As a conclusion, we have the following proposals, for RAN3 agreement: 
Proposal 1: Many-to-one mapping from Uu bearer QCI to Un DRB should be supported.
Proposal 2: If many-to-one mapping from Uu bearer QCI to Un DRB is allowed, adopt the RRC based method shown in Figure 2 for Un bearer management.
Proposal 3: If many-to-one mapping from Uu bearer QCI to Un DRB is allowed, a new IE in the RRC Connection Reconfiguration message shall be introduced to specify all QCIs that are mapped to the Un DRB.

Proposal 4: RAN3 to discuss the prospect of using the RRC only method shown in Figure 3 as an optimization for many-to-one QCI based Un bearer management, especially for bearer modification procedure.
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