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1 Introduction

A number of contributions at the last meeting discussed various issues related to Un bearer handling and the supported number of Un bearers [1]-[3]. This contribution addresses the issues and proposes a way forward. 
A related contribution has been submitted to RAN3 focusing on the Un bearer mapping [4].

2 Background on bearer mapping
2.1 Current Assumptions

The following high level agreements regarding bearer mapping for relays have been captured in the E‑UTRAN stage-2 CR:

“The RN and DeNB also perform mapping of signalling and data packets onto EPS bearers that are setup for the RN. The mapping is based on existing QoS mechanisms defined for the UE and the P-GW.”
“The S1 and X2 user plane packets are mapped to radio bearers over the Un interface. The mapping can be based on the QCI associated with the UE EPS bearer. UE EPS bearer with similar QoS can be mapped to the same Un radio bearer.”
From a technical point of view the RN can be seen as an eNB which is connected to the DeNB via a wireless backhaul. The wireless backhaul can in this case be seen as a part of the transport network. On this transport network there is a need to provide different QoS treatment of the user and control plane packets transmitted to and from the RN. 

For normal eNBs, this functionality is provided by traffic separation based on class-based QoS marking (e.g., IP-based DiffServ Code Points, Ethernet-based pBits, MPLS EXP bits) where the eNB (and the S-GW) uses different QoS markings for different user and control plane flows. This semi-static mapping between the different flows and QoS markings can be preconfigured by the operator. For the mapping it is assumed that flows with the same QCI are mapped on the same transport QoS marking, but is not required that flows associated with different QCIs are always mapped on different transport QoS markings (it is up to the configuration of the transport network); hence there can be a many-to-one mapping.
For RNs there is a difference compared to normal eNBs in that the available QoS bearers on the wireless Un interfaces are controlled by the DeNB compared to QoS based marking which are always available to use. Even so, it is possible to adopt similar principles for managing the transport QoS, allowing the operator to configure the QoS mapping on the backhaul interface.
2.2 Allowing for different UE QCIs to share same Un bearer
As can be seen from the agreements in the E-UTRAN stage-2, it is not forbidden to map different flows with similar QoS (meaning not necessarily the same QoS) on the same Un radio bearer. Allowing this possibility to map flows which have different QCIs on the same Un radio bearer is important and can be motivated by the following reasons:
· It makes it possible to maintain the clear separation between the transport QoS and the UE EPS bearer level QoS which exists today for normal eNBs. Which Un radio bearer a certain packet is delivered on can be completely independent from the UE EPS bearer, making it possible to change the mapping at any time. This leads to more future-proof solutions since new QCIs can be introduced on each layer separately. 

· Even though only 9 QCIs are defined in the standard today, the operator is allowed to define more QCIs for internal use (up to 256 QCI values are available). Having a fixed one-to-one mapping would not be possible in those cases since the number of Un bearers would always be limited to some fixed value significantly smaller than 256. Also in the future, there might be more QCIs defined in the standard and it would be beneficial to allow this without increasing the number of Un bearers which would have a large standard impact.

· It is technically very simple to allow the mapping of multiple EPS bearers with different QCIs on the same Un bearer. Even today the operator can configure that different QCIs are mapped on the same transport QoS marking. Mapping transport QoS markings to Un bearers is also possible by using existing mechanisms (e.g. using TFTs which support DSCP or other mapping rules). See more detailed discussion in RAN3 paper [4].

· Given that the QoS situation on the Un interface could be different from the QoS situation on the Uu interface, supporting many-to-one mapping would give some flexibility in the realization of QoS on the Un interface. E.g. there might not be any point of setting up Un bearers for exotic QCIs which can easily without any performance impacts be realized on the same Un bearers as some other QCI.
Observation 1: It is beneficial to keep the possibility to map different UE EPS bearers (from the same UE or different UEs) associated with different QCIs on the same Un radio bearer.
Observation 2: It is beneficial to have a clear separation of the QoS realization on the Un interface compared to the Uu interface, meaning there should not be a fixed (hard coded) mapping between the different QCIs on the two interfaces.
3 Number of Un bearers

A number of contributions have discussed the need or possibility for increasing the number of Un radio bearers for supporting relays beyond the current eight possible radio bearers per UE. 
Increasing the number of bearers would however impact existing RAN/EPC standard and products which only support up to 8 EPS bearers. Even though it is technical possible to increase the number of EPS bearers for relays up to 11 which is the maximum number of EPS bearers per UE that could be signaled on NAS level [1], [2], it should due to the impacts on RAN and EPC only be done if it is strongly motivated. This motivation (backed up by simulations and analysis of gains) is currently lacking. It should also be noted that state-of-the-art IP routers and Ethernet switches also typically support a maximum of 8 queues per port.
3.1 Why are different bearers needed?
Currently it is supported to run up to 8 EPS bearers in parallel to one UE. The reason for using different QoS bearers is related to better resource utilization on the radio interface. The better resource utilization is achieved by differentiating the QoS treatment of the different flows making it possible to downprioritize some flows over others while still fulfilling the QoS requirements. Thanks to this it is possible to support more flows in total leading to better resource utilization. 
3.2 When does it provide a gain to have more bearers?

It should be noted that the most gains of QoS prioritization can be achieved by using just a few parallel bearers. Going beyond these few number of bearers, the additional gains are quite low as are illustrated by the example below. 

Example

A user has 10 different application flows. Out of these flows, three are related to some high priority signaling, one is related to some GBR service (e.g. voice call) and six are related to some high bit rate best effort services. Assume further that the bit rate that this user receives in average is around 3 Mbps and the minimum bit rate never goes below 500 kbps (UL or DL) and that the peak rate for the GBR traffic plus the high priority signaling will never exceed 384 kbps.

In this example,it would be possible to realize good QoS realization using only 2-4 EPS bearers, since the delays for the priority and GBR components can be kept very low since they do not experience any queuing since the peak rate of these services is lower than the minimum bit rate. Increasing the number of bearers in this scenario would not give any gains.
A similar reasoning holds for RNs. Even if RNs have new types of signaling e.g. S1/X2 and OAM, that should most likely be given priority treatment over some user data, it is expected that required average throughput and peak rates for this signaling will be very low compared to the end-user traffic. If this was not the case, the whole RN would in principle be useless since it cannot serve any traffic and will only cost resources.
Given also that the RN is a stationary node which also aggregates traffic from multiple UEs, it is expected that traffic load for the high priority traffic should be quite well known in the DeNB making it possible to dimension the transport network resources better compared to dimensioning the regular radio interface for normal UEs with very varying traffic demands and radio link performance. For this reason it might not be needed to have the same granularity of traffic differentiation on the Un interface as on the Uu interface. The DeNB will perform scheduling based on an aggregated traffic of multiple UEs but it might not have the exact knowledge of which users are active in the RNs, so it will anyway not be able to provide the same level of fairness and granularity as the RN over Uu.
For these reasons, it is not certain that an RN actually needs more bearers than individual UEs. Even if some traffic should have priority over best-effort user data, it might not be required to support detailed prioritization between different high priority flows. In the worst case introducing some extra 10-20 ms delays to some S1/X2 signaling due to head-of-the-line blocking of other priority traffic will not be noticed by the end user e.g. at handover, idle to active transition, especially if the data traffic anyway has longer delays in average.

Conclusion

Even if detailed QoS treatment of all possible flows looks conceptually good it is in many cases not needed and does not provide any visible benefits for the end user or the system. The current 8 bearers should provide the flexibility needed for good QoS realizations even if some of these bearers are dedicated to S1/X2 signaling and OAM etc. Therefore it is proposed to stick to the current solution unless it can be shown (e.g. with simulations) that 8 bearers are not enough.

Proposal 1: It is proposed to only support up to 8 Un bearers in Rel-10 in order to minimize standard and product impacts of relaying.

4 Conclusion
Given that is has not been shown that additional Un bearers would give any performance benefits for RNs which would motivate the impact to E-UTRAN and EPC it is proposed not to increase the number of Un bearers for RNs.

Proposal 1: It is proposed to only support up to 8 Un bearers in Rel-10 in order to minimize standard and product impacts of relaying.
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