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1. Introduction

In the LTE-A system with relay nodes (RN), UEs may access the network via the RNs which are located between UEs and Donor eNB (DeNB). For the sake of brevity, a UE connecting to RN(s) is denoted as R-UE. A new radio interface, denoted as Un interface, is used to transport C-plane and U-plane messages between RN and DeNB or between RN and RN (i.e. for multi-hop relaying scenario). In order to minimize the impact to the LTE system, functions and procedures of Uu interface should be replicated for Un interface unless the modification is necessary and inevitable. In other words, the entities of PHY, MAC, RLC, PDCP layers and NAS messages designed for Un interface should be the basis for the design of new Un interface.  
From the viewpoint of AS, the RN mimics the role of UE to transmit and receive packets of R-UEs to and from DeNB. Since an EPS bearer has to cross the Un interface, this intuitive design raises three issues that requires further analysis: 

1) In Uu interface, an EPS bearer is one-to-one mapped to a data radio bearer (DRB), a DRB is one-to-one mapped to a Dedicated Traffic Channel (DTCH) logical channel, and all logical channels are many-to-one mapped to the Downlink or Uplink Shared Transport Channel (DL-SCH or UL-SCH). The maximum number of DRBs as well as DTCH logical channels per UE in Uu interface is limited to 8, which forces the RN to utilize at most 8 DRBs or 8 DTCH logical channels to transport packets of all EPS bearers of R-UEs in Un interface. If the maximal number of data radio bearers per RN is limited to 8, one-to-one mapping of the EPS bearer and DRB becomes an infeasible solution for the Un interface. On the other hand, if the maximal number of DTCH logical channels per RN is limited to 8, one-to-one mapping of the EPS bearer and DRB is applicable still, but the one-to-one mapping of DRB and the DTCH logical channel becomes an infeasible solution for the Un interface. It is worthy to note that if RAN2 agrees to extend the maximal number of DTCH logical channels per RN, the mapping policy of Un would be the same as Uu interface with one-to-one logical mapping between DRB of Uu and DRB of Un.
2) Each EPS bearer (GBR and non-GBR) has an associated QoS Class Identifier (QCI) and an Allocation and Retention Priority (ARP). Each GBR bearer is additionally associated with the Guaranteed Bit Rate (GBR) and Maximum Bit Rate (MBR). The eNB directly maps the EPS bearer QoS to the data radio bearer QoS and performs the scheduling policy, queue management policy, rate shaping policy, RLC configuration and so on. The QoS guarantee of the EPS bearer and the UE-AMBR control are not enforceable in RN if there is no one-to-one mapping of the EPS bearer and DRB in the Un interface.
3) If the number of DRB is not expanded, in order to minimize impacts to the existing specification, RN has to use same functions and procedures as that of UE. Therefore, aggregation of bearers is required for RN and DeNB. However, UEs served by RN and DeNB may implement different feature groups, which can cause incompatibility between different RLC modes when aggregating bearers from multiple UEs over Un. 
2. Discussion on the mapping of the EPS bearer and DRB 
For example, a UE may have multiple applications at any time, each one having different QoS requirements. In order to support multiple QoS requirements, each EPS bearer is associated with a specified QoS label, QCI. In order to relax the scheduling complexity, each QCI is characterized by priority, packet delay budget (PDB) and acceptable packet loss rate. There are 9 QCI values have been standardized so that vendors and operators can have the same understanding of the underlying service characteristics. Besides, the eNB is able to easily and flexibly schedule packets of the EPS bearers according to the associated QCI.
Figure 1 illustrates the mapping issue in the Un interface. Assuming that each RN serves two UEs and each UE establishes eight EPS bearers, the total number of EPS bearers flowing through RN1 or RN2 is 16, which is twice as many as the maximal number of DRBs per RN. 
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Figure 1 The numbers of EPS bearers crossing the Uu and Un interfaces respectively.

Because the bearer level QCI of an EPS bearer is identical to the value of the QCI of the service data flow(s) mapped to that EPS bearer, IP packets mapped to the same EPS bearer receive the same bearer-level packet forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration). Therefore, multiplexing multiple EPS bearers with same QCI into one DRB would not result in any affection to the QoS guarantee in Un interface.

Furthermore, in Uu interface, an EPS bearer is one-to-one mapped to a DRB, a DRB is one-to-one mapped to a Dedicated Traffic Channel (DTCH) logical channel, and all logical channels are many-to-one mapped to the Downlink or Uplink Shared Transport Channel (DL-SCH or UL-SCH). If RAN2 agrees to modify the MPDU format for extending the maximal number of DTCH logical channels per RN such that the one-to-one logical mapping between DRB of Uu and DRB of Un is feasible, the mapping policy for Un interface would be the same as Uu interface. 
It is evident that multiplexing is an alternative way to resolve the mapping issue. Without loss of generality, the multiplexing process could be arranged at either the interface between the EPS bearer and DRB or the interface between DRB and DTCH logical channel. For the former case, the information required for the de-multiplexing should be provided from the EPS bearer layer, such as the Tunnel End Point Identifier (TEID) carried in GTP-U messages. Without such multiplexing/demultiplexing information (i.e. TEID), the recipient of packet can not identify the correspondent EPS bearer of the received packet. Similarly, for the latter case, the information required for the de-multiplexing should be provided from DRB layer, such as the 32-bit DRB identity. To do it, the PDU format of the RLC layer shall be modified in order to carry the DRB identifier. It has the same drawback as the way of new MAC development. Figure 2 portrays those possible mappings between EPS bearer and DRB and between DRB and DTCH logical channel in Uu and Un interfaces respectively.
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Figure 2 Mappings between EPS bearer and DRB and between DRB and DTCH logical channel in Uu and Un interfaces.

3. Discussion on the association between QCI and DRB
There are 9 QCI labels to be used for identifying the traffic characteristics of data flow services. In general, QCI label 5 (with the highest priority) could be associated with the default bearer, which is first established for an OAM connection over Un, if presented. All default bearers of R-UEs could be multiplexed into the default bearer of RN. The other 7 dedicated DRBs of RN are assigned to map to the remaining 8 QCI labels. Based on the parameters of packet delay budget and acceptable packet loss rate, the QCI labels 8 and 9 are adequate to be merged as one QCI label. As a solution, all the packets of EPS bearers are properly forwarded by the RN without any modification on PDCP, RLC and MAC layers if only the QCI mapping of DRBs is considered. 

If QCI label 5 (i.e. Non-GBR, PDB=100ms and PELR=10-6 [3]) is associated with the S1-MME message connection, the maximum total delay for signalling transmission is less than the QCI requirement for DRB transmission. In [4], the S1-MME transfer delay is 2~15 ms, the signalling delay between RN and EPC side is less than 100ms of PDB (QCI 5). Therefore, a new QCI class is required if the S1-MME connection is transported over DRB of Un. For example, the new QCI label 10 could be [Non-GBR, PDB=30ms and PELR=10-6]. 
4. Discussion on the issues raised from multiplexing approach
From the radio resource control aspect, it is not difficult to aggregate GBR EPS bearers into a DRB because of the explicit and precise guarantee-bit-rate (GBR) and maximal-bit-rate (MBR) parameters. It is also possible to multiplex all Non-GBR bearers with same QCI of UEs into a DRB excepting that the UE-AMBR parameter may not be guaranteed in Un interface due to the traffic aggregation. Consequently, there are two potential issues resulted from RN and DeNB to support the multiplexing of multiple EPS bearers into a DRB. 

1) The first one is where the entity to control the aggregated UE-AMBR that limits the aggregate bit rate that can be expected to be provided across all Non‑GBR bearers. Considering the path of UE’s data service flow, the entity could be located in RN, DeNB or the P-GW of UE. 
2) Based on the associated QCI parameter of EPS bearers, all EPS bearers with same QCI label are mapped into one of eight DRBs of RN. During the EPS bearer setup procedure, all the parameters for Layer 2 (the PDCP, RLC and MAC parameters) as well as Layer 1 are also configured. One of the important parameters is the RLC mode. That is, an RLC entity can be configured to perform data transfer in one of the following three exclusive modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM).  Due to there is one RLC entity per DRB, all the EPS bearers sharing a same DRB shall have the same RLC mode. In LTE Rel-8, the UE shall indicate its capability via the UE-EUTRA-Capability IE, which has been defined in TS 36.331 [1]. The UE-EUTRA-Capability IE is composed of a number of feature group indicators (FGIs). Two of FGIs (32 bits) are used for UE to announce the combination of RBs configured to carry the C-plane and U-plane traffic (i.e. Bit 7 and Bit 20). Bit 7 is used to indicate that if UE supports RLC UM mode and Bit 20 is used to indicate that if the UE supports optional DRB combinations. A CR is agreed in the RAN2#67 meeting that if Bit 7 = 1 and Bit 20 = 0, the UE is implemented and tested with “at least SRB1 and SRB2 for DCCH + 4 x AM + 1 xUM is support”, and if Bit 7=0 and Bit 20=0, the UE is implemented and tested with “at least SRB1 and SRB2 for DCCH + 4 x AM is support”. Note that all sub-combinations should be supported by UE. One potential issue is how to multiplex two or more EPS bearers with same QCI label but adopting different RLC modes into a DRB. Figure 3 presents an example for such problem. If UE1 supports RLC UM mode and does not support optional DRB combinations (i.e. FGI Bit7=1, FGI Bit20=0), and UE2 does not support both UM mode and optional DRB combinations (i.e. FGI Bit7=0, FGI Bit20=0). Assuming that there is an application with certain QCI whose requirement can be met by both RLC AM and RLC UM mode, but the application performs better with RLC AM mode than with RLC UM mode. Both UE1 and UE2 attend to run such application, but all the DRBs with RLC AM mode in UE1 are used by other applications. Therefore, the RN2 can only setup a DRB on Uu1 with RLC UM mode to be used by the application on UE1, while RN3 can setup a DRB with RLC AM mode on Uu2. RN1 and DeNB are aware of the UE capability and the status of UE1; and the assumption is that mixing of RLC AM and RLC UM along a data path would degrade the system performance. We assume that both RN1 and DeNB have to setup DRB with RLC UM mode to its sub-ordinate RN to support the application used by UE1. On the other hand, in DeNB, DRB with RLC AM mode is required by UE2 to transfer data for the application. As a result, DeNB has to setup two DRBs for handling connections with same QCI label. As discussed in section 3, the maximum DRB number for a RN to support dedicated bearer is 7. If 7 QCI labels are already requested by UEs served by DeNB, there is no additional DRB to handle such case. Either the connection setup will be fail due to the limited DRB number or the system performance would be degraded. One solution is to increase the maximal number of DRBs in Un to accommodate all possible combinations of QCI labels and RLC modes of UE.


[image: image3.emf]RN

RN

RN

 2

RN 

3

UE 2

UE 1

RN

RN

 1

(QCI n, RLC UM)

(QCI n, RLC UM)

(QCI n, RLC AM)

(QCI n, RLC AM)

(QCI n, RLC UM)

DeNB

Un 1

Un 2

Un 3

Uu 1

Uu 2

DRB of Un 

interface

DRB of Uu 

interface

(QCI n, RLC AM)

FGI Bit7   = 0

FGI Bit 20= 0

FGI Bit7   = 1

FGI Bit 20= 0


Figure 3 An example for same QCI with multiple RLC modes.

5. Discussion on performance issues for multi-hop and Mobile RN
If there is no mechanism for RN at each hop count to communicate with each other, there may be a performance-requirement-violation problem in the multi-hop scenario. The problem is that during the connection setup, each RN setups a DRB toward its sub-ordinate RN according to the received QCI information. Because each RN does not know the status of other RNs along the path, it setups and configures the DRB by applying same policy as that there are no other RN. However, the performance requirement may already be violated from the end-to-end point of view. For fixed RN deployment, this problem may be resolved by pre-configuration due to the network topology and channel quality of each hop count can be obtained in advance. But for mobile RN in the multi-hop scenario, some RRC signalling mechanisms should be designed for RN to dynamically determine DRB configuration when establishing a DRB. The details of the signalling mechanisms are FFS.
6. Conclusions
We have presented possible frameworks and issues for transporting packets of UEs over Un interface. The use of the multiplexing to map multiple EPS bearers to one data radio bearer could minimize the amendments required for replicating functions and procedures of Uu interface to Un interface. The potential issues as well as solutions of QCI mapping, UE-AMBR control, RLC mode combination, and performance requirement violation are addressed and discussed. 
Some proposals are listed as follows:
Proposal 1: A new QCI is required if DRB is used to transport S1-MME messages.

Proposal 2: RLC mode on each hop count should be consistent on Uu and Un.

Proposal 3: Adopt one-to-one mapping of EPS bearer and DRB and one-to-one mapping of DRB and DTCH Logical channel at RN and DeNB over Un. The amendment of MAC PDU format is required.
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