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Abstract: The paper discusses how end-to-end QoS is applied when using ProSe UE-to-Network Relay Functionality.
1. Introduction
This paper discusses first, which overall QoS Architecture shall be applied when ProSe UE-to-Nwk is introduced. As with the current TS 23.107 definition the EPS bearer terminates in the UE being in cell coverage whereas in the ProSe UE-to-Nwk scenario this is not the case for the remote UE. 

Second,  based on a couple of scenarios, principles are discussed how interworking of PC5 QoS and EPS bearer QoS inside the ProSe UE-to-Network Relay towards an e2e PS QoS may be applied.

Finally, a common e2e QoS Architecture is developed and it is asked how to capture the whole issue in TS 23.179.
2. Discussion of Overall QoS architecture for ProSe UE-to-Nwk Relay
TS 23.101 provides an overall QoS architecture applied in LTE / SAE networks as shown in figure 1-1 below:
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Figure 1-1: TS 23.107 Overall QoS Architecture
When introducing ProSe UE-to-Network-Relay, the question comes up what are the impacts to the overall QoS architecture. Contribution S2-151810 proposes at PC5 reference point ‘a ProSe Per-Packet Priority’ (ProSe-PPP) scheme and it needs to be clarified how this fits into an overall QoS architecture. The reason is that ProSe-PPP handling at PC5 needs to be compatible with the existing QoS architecture as it determines the end user’s service perception (both in-coverage UE and remote UE) and it is a prerequisite to formulate concrete service continuity requirements for end users using a Remote UE connected to the network via a ProSe UE-to-Network-Relay.

The ProSe UE-to-Network-Relay Functionality extends the existing TS 23.107 QoS Architecture by another hop, the ProSe UE-to-Network Relay, and extends the QoS chain by an additional reference point PC5 which is outside the network domain.
This leads towards in two general options:

a) Extend both EPS bearer and Radio Access bearer to terminate in Remote UE i.e. including PC5, or
b) Introduce own QoS handling at PC5 interface while EPS and Radio bearer are terminated in ProSe UE-to-Network-Relay
Contribution S2-151810 is pointing towards option b) as shown in figure 1-2 but this raises the question how the mapping of ProSe-PPP to EPS bearer and Radio bearer is done.

In order to exemplify the need of a mapping of ProSe-PPP to EPS bearer and Radio bearer, the next section covers some example Public Safety scenarios from QoS perspective and discusses them.
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Figure 1-2: TS23.107 QoS Arch extended to UE-to-Network relay
2. Public Safety QoS scenarios

2.1 Two UE using the same e2e QoS connected via UE-to-Network relay 

1.  Precondition

· An UE, which  has network coverage, is acting as UE-to-Network Relay (UE2Nw A)
· UE1 and UE2, which are out of network coverage, are connected to UE-to-Network Relay using same e2e service (QoS 1)

2. Issues
· Q: Which PC5 prio and which EPS bearer (QCI x) is used?

· Q: Are UE1 and UE2 share the same EPS bearer or are individual bearers used?

· Q: If a single EPS bearer is used, how does the UE-to-Network Relay dimension the EPS bearer in order to guarantee e2e QoS for both UE1 and UE2?
3. Proposal for discussion

· If UEs belong to same MCPTT group and have the same e2e service, it is suggested that the UE-to-Network Relay maps them all together onto the same EPS bearer.
· Q: How to map traffic from/to UEs belonging to a different MCPTT group (might belong to different APN / PDN GW)?
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Figure 2-1: Two UEs using same QoS connected to UE-to-Network Relay
2.2 Two UE using different e2e QoS connected via UE-to-Network relay 

1. Precondition

· An UE has network coverage and is acting as UE-to-Network Relay (UE2Nw A)

· UE1 and UE2,  which are out of network coverage, are connected to UE-to-Network Relay using different e2e services (e2e QoS 1 and e2e QoS 2)
2. Issue

· Q: Which PC5 prio and which EPS bearer QCI x are used for e2e service of UE1 (e2e QoS 1)?
· Q: Which PC5 prio and which EPS bearer QCI y are used for e2e service of UE2 (e2e QoS 2)?
· Q: Is the UE-to-Network Relay capable to serve a single UE requesting multiple services with different e2e QoS?

3. Proposal for discussion
· Different e2e QoS is mapped to different PC5 prio and different EPS QCI

· UE-to-Network Relay shall be able to serve multiple different QoS either of single UE or multiple UE
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Figure 2-2: Two UEs using different QoS connected to UE-to-Network Relay
2.3 Two UE using different e2e QoS connected to UE-to-Network relay; one (or multiple) PS UE has coverage and uses e2e service for e.g. VoLTE
1. Precondition

· Same as 2.2
· Another UE (UE3) has network coverage and is using VoLTE e2e service (QCI 1)

2. Issue

· Same as 2.2
· Q: How is UE3 bearer priority (QC1) supposed to be served compared to QCI x / QCI y?
3. Proposal

· e2e QoS is transferred via a suitable PC5 priority level and within the UE2Nw A Relay and the MCPTT traffic is mapped to QCI values (e.g. 65, 69)
· The mapping to of UE1/2 e2e QoS to EPS QCI values needs to be compatible to ensure UE3 e2e services perception is equal to EPS bearer QCI1 meaning radio resource allocation ensures that remote UE with e2e service with lower priority QoS profile does not result in service degradation of UE3.
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Figure 2-3: Two MCPTT UEs use different QoS, a VoLTE UE has coverage
2.4 Two UE using different e2e QoS connected to single UE-to-Network relay; one (or multiple) UE has coverage and uses e2e service for MCPPT

1. Precondition

· Same as 2.3
· UE1, UE2, UE3 belong to same MCPTT group

2. Issue

· Q: Are UE1 and UE2 services mapped to the same EPS bearers as UE3, i.e. QCI65, 69 and QCI5, as UE 1 and UE 2 belong to the same MCPTT group? Or to different EPS bearers (QCI x / QCI y)?
· Q: Are UE1 and UE2 services mapped to different PC5 priorities?

· Q: How are UE3 bearer priorities (QCI5, QCI65, QCI69) supposed to be served compared to QCI x / QCI y as applied for remote UE?
3. Proposal

· UE1 and UE2 MCPTT services are mapped to single QCI 65, 69 and 5 to ensure same QoS  with UE3

· PC5 priority mapping to EPS QCI needs to be unique and preserve QCI QoS characteristics
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Figure 2-4: UE1, UE2, UE3 belong to same MCPTT group

2.5 Two UE using different e2e QoS connected to single UE-to-Network relay; one (or multiple) UE leaves coverage

1. Precondition

· Same as 2.4
· PS UE3 is leaving coverage  (e.g. entering building basement floor)

2. Issue

· Same as 2.4
· Q: Which level service continuity shall be maintained for UE3? From user perspective, MCPTT communication must be maintained, data loss may be tolerable

3. Proposal

· Service continuity is only possible if the QoS handling at PC5 and the radio interface bearers at UE-to-Network Relay have compatible QoS as with UE3 EPS bearers in order to serve all MCPTT group members by the same e2e services perception independent whether there are served in-coverage or out-coverage served via a ProSe UE-to-Nwk relay.
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Figure 2-5: UE1, UE2, UE3 belong to same MCPTT group, UE3 leaves coverage
3. End-to-End QoS Architecture for using ProSe UE-to-Network Relay
In this section and in Figure 3-1 a common e2e QoS Architecture is suggested, when using ProSe Relay UE functionality to gain network access.
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Figure 3-1: Common e2e QoS Architecture
· Default EPS bearers are non-GBR bearers

· A default bearer to the subscribed default APN is created during the “network attach” procedure. This exists as long as the UE is attached to the network

· Additional default bearers are created when UE establishes additional PDN connections to different APNs (e.g. IMS APN)

· Dedicated bearers (non-GBR or GBR) can be created for QoS differentiation purposes to APNs, for which a default bearer exists

· Dedicated bearer is initiated by the network – triggered by PCRF, PGW or TDF (traffic detection function)

· The UE may also initiate dedicated bearer establishment 

· Default and dedicated bearer of the same APN share the same IP address

· Bearer modification can be initiated by the PGW, HSS (subscribed QoS)

· There is a 1-to-1 mapping between EPS bearers and Radio Bearers (RB)
· PC5 is the control signaling and user plane interface between the Remote UE and the ProSE Relay UE and uses PPP (per-packet-priority) QoS or flow based QoS

The proposed figure 3-1 further postulates that e2e service QoS handling are the same independent whether ProSe UE-to-Network Relay is involved or not. This can even be further generalized for an UE being out of coverage applying ProSe Direct Communication w/o vicinity of ProSe UE-to-Network Relay. This enables that e2e services would be agnostic whether applying ProSe UE direct communication or communication via E-UTRAN network. This fundamental requirement is (at least to our knowledge) not defined yet, neither by SA1, SA2 nor SA6. Does ProSe PPP violate such a requirement as LS S2-151810 is mandating ProSe PPP selected by the application?
4. Conclusion
SA2 has already started to discuss how to handle QoS for ProSe relay and has identified a couple of issues around proper QoS parameters for the Relay and Remote UE and PCRF selection for different roaming scenarios. 

During last SA6 meeting it was agreed that MCPTT application level signalling shall be agnostic from the underlying EPC layer:
-------------------------------------------------------------------------------------
10.14
UE-to-network relay MCPTT service

The ProSe UE-to-network relay provides a purely layer 3 IP data routing service, when the remote UE loses the coverage of cellular network and the MCPTT user on the remote UE requires to access the MCPTT service via a ProSE UE-to-network relay.
The application layer signalling for the MCPTT user on a remote UE are identical to the application layer signalling for the MCPTT user on an on network UE.
----------------------------------------------------------------------------------
SA2 will continue the discussion during their next meeting and may decide on basic QoS principles when a Relay UE is used. Based on that SA6 may be required to change the text in section 10.14 of TS 23.179 and capture an e2e QoS architecture when UE Relays are used, e.g. by new informal annex in TS 23.179. 
As said above, it needs to be decided whether the existing QoS architecture is also applied for out-of-coverage UEs which can only communicate with each other applying ProSe Direct Communication. Otherwise, application would need to be awawre of communication method being used:  ProSe Direct communication, E-UTRAN based in coverage or E-UTRAN based via ProSe UE-to-Network Relay.
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