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1. Introduction
LTE-Advanced extends LTE Rel-8 with support for relaying as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. The introducing of relay also changes the R8 E-UTRAN to a new structure which includes two air interfaces: Un and Uu. This contribution will discuss the QoS control in E-UTRAN with relay, and some general principles are proposed.
2. Discussion
2.1 User experience

The E-UTRAN structure with type1 Relay can be seen in fig1 below: 
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Fig 1 the E-UTRAN structure with relay
In fig1, UE1 and UE2 are working under RN and DeNB respectively. According to current agreements, the RN shall appear as a Rel-8 eNB for Rel-8 UEs. For Rel 10 UE, whether the RN is seen as an eNB is still FFS because the possible enhancement is being expected if Rel-10 UE can recognize a RN. It is also common understanding that UEs can handover from RN to eNB or from eNB to RN. In any scenarios above, the same user experience should be provided obviously. It is proposed:

Proposal1: The QoS for UE under RN is same with the UE under eNB.
2.2 Bearer structure

The EPS bearer structure in Rel-8 E-UTRAN is shown in fig2, in which an EPS bearer is composed of S5/S8 bearer, S1 bearer and Uu bearer (radio bearer)[1]. The radio bearer between DeNB and UE is called Uu bearer in this paper.
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Fig 2 Bearer structure in Rel 8 E-TURAN

In order to support RN, the bearer structure from UE perspective is changed from fig2 to fig3, in which S1 is assumed to terminate in RN (RN architecture alt1&3). The outer bearer between RN and DeNB are called Un bearer which is used to transport the packet flow on S1. For alt2, a proxy function is enforced in DeNB, and the S1 will include two phases: one from S-GW to DeNB and the other from DeNB to RN. The detail bearer structure for alt1/2/3 can be found in [2].
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Fig3 the bearer structure for RN structure alt1/2/3
In term of current QoS mechanism in EPC, bearer level QoS parameters include QCI, ARP, GBR, MBR[3]. 
The QCI is scalar that is used as a reference to node specific parameters that control packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.). The scope of QCI is from UE to PCEF which is a QoS related function in PDN-GW, so QCI is available to whole EPS bearer.

The primary purpose of ARP is to decide whether a bearer establishment / modification request can be accepted or needs to be rejected in case of resource limitations (typically available radio capacity in case of GBR bearers).
The GBR denotes the bit rate that can be expected to be provided by a GBR bearer. And the MBR limits the bit rate that can be expected to be provided by a GBR bearer (e.g. excess traffic may get discarded by a rate shaping function). In current specification, MBR is supposed to equal GBR.
Based on fig3, since the Un bearer is also part of the EPS bearer, all above bearer level QoS parameters need also be considered over Un bearer. For example, the QCI should also be used as the reference for the packet treatment on Un bearer. 
Proposal2: The bearer level QoS parameters should cover Un bearer.

2.3 QoS control for Un and Uu

2.3.1 PDB and PELR
There are four performance characteristics in QCI: resource type(GBR or Non-GBR), priority, PDB(packet delay budget) and PELR(packet error loss rate). In our understanding, the resource type, priority and the other bearer level QoS parameters, i.e.  GBR(MBR) and ARP can be applied to Un bearer without change. However, for PDB and PELR, the two air interfaces structure has to be taken into account.
Some descriptions to PDB and PELR can be found in Table 6.1.7 in [3]:
Table1 Explanations to PDB and PELR in [3]
	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.

NOTE 2:
The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio interface between a UE and radio base station.


Note 1 in table1 means that the delay budget for E-UTRAN in Rel-8 is 80ms which is applied for packet treatment on Uu bearer, when the PDB is 100ms totally. According to proposal2, the PDB should also be considered on Un when RN is deployed. In this case, the PDB can be divided into three parts:
· D1: the delay from PDN-GW to DeNB.
· D2: the delay on Un bearer. 

· D3: the delay on Uu bearer.

The summary of D1, D2 and D3 should equal to PDB in QCI configured by EPC. D1, which is consumed by EPC and S1, can be considered as fixed like Rel-8. However, the value may be, for example, more than 20ms since the packets have be routed by more EPC nodes in RN architecture alt1. The D2 and D3 will share the rest part of PDB, and how to split rest part of PDB need to be considered further.
Likewise, according to Note2 above, the PELR in Rel-8 is applied to the unique air interface, i.e. Uu bearer, since the wirelink is assumed reliable enough. When two air interfaces are introduced due to RN, the PELR should also be divided into two parts:
· P1: the packet error loss rate on Un bearer.
· P2: the packet error loss rate on Uu bearer.

Given the PELR in QCI is P, P1 and P2 can be calculated by: (1-P1)(1-P2) = 1- P. Similar to PDB, the PELR allocation for Un bearer and Un bearer should be taken into account.
2.3.2  PDB and PELR allocation between Un and Uu
As discussed above, an issue for E-UTRAN with RN is how to divide these two QCI characteristics, i.e. PDB and PELR between Un bearer and Uu bearer. Two high level options are given below:
Option1: static allocation on Un bearer. 
With this way, the delay and packet error loss rate are assumed static on Un bearer. For example the PELR can be considered as zero if the Un is stable and has sufficient capacity. If the PELR is zero, the delay on Un is only related to the UL/DL backhaul subframe patterns which is under discussion in RAN1 currently. Option1 can stick the QoS mechanism in E-UTRAN with RN to the legacy system by assuming the Un bearer has the similar transmission characteristics with wirelink.
Option2: dynamic allocation on Un bearer.
“Dynamic” here means that the delay and packet error loss rate suffered over Un bearer are not static. In other words, the delay and packet error loss rate on Un bearer are determined before the Un bearer is established or updated, by taking some conditions into account. The possible conditions include channel quality of Un, UL/DL backhaul subframe configuration etc. Option2 offer more flexibility on the QoS control in E-UTRAN with RN. 
Obviously option1 is simpler than option2. But some RAN1 paper showed that the Un is the bottleneck of the system throughput. The capacity of access link of DeNB will be decreased significantly if too much resource was consumed on Un, and lead to the loss of whole system throughput. Till now it is still not clear whether the Un can be thought as “stable and sufficient capacity”. As a result, both option1 and option2 need to be considered so far.
Proposal3: Both static and dynamic QoS parameters allocation on Un and Uu bearer should be considered.
If the dynamic allocation is supported, it is more reasonable that the allocation between Un and Uu is done by E-UTRAN but not by EPC. This will keep the E-UTRAN with relay unseen by EPC and maintain legacy QoS mechanism still working. 
Proposal4: The QoS parameters for Un and Uu are determined in E-UTRAN if dynamic QoS parameters allocation is supported.

3. Conclusion
The QoS mechanism is discussed in this contribution based on the two air interfaces E-UTRAN with RN, and some general principles are proposed for RAN2 discussing:
Proposal1: The QoS for UE under RN is same with the UE under DeNB.

Proposal2: The bearer level QoS parameters should cover Un.

Proposal3: Both static and dynamic QoS parameters allocation on Un and Uu bearer should be considered.

Proposal4: The QoS parameters for Un and Uu are determined in E-UTRAN if dynamic QoS parameters allocation is supported.
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