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1. Introduction
Relay standardization work is ongoing in RAN and four different alternatives have been captured so far to meet the relay requirement. This paper analyzes the EPC impact for different relay architecture alternatives as RAN required in R2-095331.
2. Discussion

In R2-095336 four architecture alternatives have been identified for supporting relay functionality in LTE-Advanced:
· Alt 1: Full-L3 relay, transparent for DeNB

· Alt 2: Proxy S1/X2

· Alt 3: RN bearers terminate in DeNB

· Alt 4: S1 UP terminated in DeNB

2.1 Full-L3 relay, transparent for DeNB
With this solution, there are two sets of EPC nodes involved for UE served by RN. One is for UE and the other is for RN. The U-plane packets of a UE served by the RN are delivered via the Relay’s S/P-GW. The UE’s P-GW maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of RN which is allocated by RN_PGW. RN_PGW receives the UE packets from UE_SGW and maps them to the corresponding RN bearer in a second GTP tunnel. The user-plane protocol stack is as below:
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Because the RN_PGW is not aware of the UE bearer information and RN bearer part from RN to RN_PGW is just like a pipe to transport the S1-U packets between RN and UE_SGW, how to map the UE bearer to the corresponding RN bearer is a problem. There are two possible ways mentioned in the RAN paper [R2-095336]:
1) SGW/PGW (RN) should utilize DSCP as explained below.
· The RN-PGW, which serves the RN, also needs to decide on the UE bearer to RN bearer mapping. We assume that the RN bearer type is indicated as a Diffserv codepoint in the DS field of the IP header of the GTP IP packet sent by the UE-S/PGW.

· The PGW of the RN receives the GTP tunneled packet addressed to the RN and classifies the packet into RN bearer according to packet filtering rules (based on the DS field of the packet) and encapsulates the packet into a second GTP tunnel, corresponding to the RN bearer.

In terms of above mechanism, there will be strict QCI-DSCP mapping rule in the S-GW/PGW to set the DiffServ Code Point based on the QCI of the associated EPS bearer. Such mapping rule should be configured by per PLMN and difficult to be standardized. Considering the roaming case that UE access the visited PLMN RN but service is home routed which means the visited PLMN RN_PGW will be connected to the home PLMN UE_PGW, if there are different QCI-DSCP mapping configurations, the bearer binding in the RN_PGW does not work.
The above special handling in RN_PGW and UE_SGW/PGW is applied to the case that UE served by RN. But if UE_PGW/SGW is not aware that UE is served by RN, the only way is to mandate such QCI-DSCP mapping mechanism to all the UEs which will have a big impact on the current mechanism. Normally, PGW uses the standard IP quintuplet (source and destination IP addresses, source and destination port numbers and the protocol ID) for mapping traffic to an EPS bearer in the downlink direction. But RN_PGW will only use DSCP to perform the bearer binding. If there is no mechanism for RN_PGW to differentiate RN and further adopt new binding mechanism, the downlink bearer binding in RN_PGW does not work because the IP address information has the same value from the UE_SGW. Therefore in order to guarantee the above mechanism work, extra efforts are needed to let RN_PGW and UE_SGW/PGW aware of RN.
The S1-AP message for UE between RN and UE_MME is transported as user plane data of RN EPS bearer between RN and RN_PGW. To be in line with the above mechanism and correctly map this S1-AP message to the corresponding RN EPS bearer, UE_MME needs to use an appropriate DSCP in the IP header to encapsulate the S1-AP message to RN. Of course this DSCP should be coordinated between RN_PGW and UE_MME, but how to do this is FFS. Anyway similar with special handling in UE_PGW/SGW, if we do not want to enlarge the impact to all the UE, special mechanism is needed to be aware of RN for UE_MME.
We do not exclude the possibility that different EPS bearers share the same QCI but different ARP. For this case it is impossible for RN_PGW to differentiate the different bearer because the incoming IP packets from UE_SGW have the same DSCP.
Based on the above analysis:

1. The QCI-DSCP mapping mechanism can not work in some cases.

2. At least extra work in EPC is needed to let RN_PGW and UE_SGW/PGW/MME aware of RN

· RN_PGW should be aware of RN to map the incoming IP packets into corresponding EPS RN bearer only using the DSCP.
· UE_PGW/SGW should be aware that UE is served by RN to apply QCI-DSCP mapping when sending IP packets to RN_PGW.
· UE_MME should be aware that UE is served by RN to use an appropriate DSCP when sending S1-AP message to RN_PGW.
3. EPC nodes (MME/SGW/PGW) have to be enhanced to support the corresponding functionality.
2) Enhancing SDF
Alternatively, the SDF can be enhanced to include next header information. This allows the Relay to specify an SDF that is capable of filtering User-UE’s individual EPS bearers into proper Relay-UE’s EPS bearers at the Relay-UE’s PGW. 

With this alternative, the RN_PGW has to interpret the next header information which will increase the PGW burden significantly and is not supported for current EPC. Furthermore because the RN is not aware of the UE SDF information, e.g. source and destination IP addresses, how to specify the RN SDF to filter User-UE’s individual EPS bearers into proper Relay-UE’s EPS bearers is really a problem and not supported for current mechanism.
Besides the above functionality impact, the concatenated EPC architecture means:
· User plane: routing efficiency is low because both the UE_SGW/PGW and RN_SGW/PGW are on the path for a specific UE bearer.

· Control plane: because UE bearer setup/modification/deactivation will cause corresponding Un bearer change, CN needs to be involved twice in the sense that UE_MME/SGW/PGW (Uu) and RN_MME/SGW/PGW (Un) will participate in the UE related bearer management. Consequently, the control plane latency will be increased significantly and extra efforts should be paid to guarantee both the Uu and Un bearer management can be successful to avoid error case or failure. Considering UE mobility, e.g UE HO in to RN or out RN, Un bearer will be changed frequently that means Un bearer management will bring large signalling burden for both RAN and CN.
2.2 RN bearers terminate in DeNB
This architecture shares the same principle that DeNB is not aware of the UE context and the RN EPS bearer part is just a pipe to transport the UE related signalling and user plane data. In order to optimize the routing efficiency it is enhanced by integrating the SGW/PGW functionality for the RN into the DeNB. The user-plane protocol stack is as below:
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Since the same functionality and packet handling apply as in case of Alt 1, the alt 1 analysis above also apply to this architecture in the sense that EPC nodes functionality enhancement and new mechanism introduction are needed.
This architecture is related to the Selected IP traffic offload (SIPTO) SA2 work. But integrating the “PGW functionality” into the eNB is one of the discussed solutions, which is still being questioned on whether it is feasible. Furthermore, the Relay scenario is actually out of the scope of Local breakout functionality discussed in SA2.
2.3 Proxy S1/X2
With this solution, “home eNB GW” type of functionality is added into the DeNB. This operation corresponds to a proxy mechanism and would be similar to the HeNB GW function. That is, as seen from the MME it looks like as if the UE would be connected to the DeNB, while from the RN’s perspective it would look like as if the RN would be talking to the MME directly. 
The proxy mechanism has no impact on EPC. But considering the S1-AP messages encapsulated by SCTP/IP are transferred over an EPS data bearer of the RN where the PGW functionality for the RN’s EPS bearers is incorporated into the DeNB, it is also related to the SIPTO work and need further evaluation in SA2 at least.

2.4 S1 UP terminated in DeNB
Regarding control plane, this operation corresponds to an S1-AP proxy mechanism and would be similar to the HeNB GW function as proxy S1/X2 alternative. The S1-AP proxy operation would be transparent for the MME and the RN that means no impact on EPC.
For user plane, the PGW/SGW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the DeNB. Upon the DeNB receiving the tunnelled packets from the S-GW, the received packets are de-tunnelled, and the inner user IP packets are mapped to Un radio bearers corresponding to the EPS bearer of the UE. The user-plane protocol stack is as below:
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With this alternative, there is no PGW functionality in DeNB that can decouple the ongoing SIPTO work. Considering the concern from RAN that Un radio bearers carrying UE bearers are managed by the DeNB and are not under the control of the EPC, because the RN is transparent to MME there is no strong motivation and benefit to have corresponding RN EPS bearers in core network. By interpreting the S1/X2 message to RN, Un radio bearers can be managed by DeNB without direct signaling from EPC. On the other hand, it is just right the advantage for this alternative because there is no any impact on Rel-8 EPC and Un bearer management can be seen transparent to EPC and totally RAN issue.
3. Conclusion

Based on the above analysis, it is clear that:

· Alt1 and 3 need EPC functionality enhancement and new mechanism introduction. Rel-8 EPC can not support these two architectures well. 
· Alt 2 and 3 both integrate the PGW functionality into DeNB which related to SIPTO work but is still being questioned on whether it is feasible. 
· There is no EPC impact for alt 4 and the rel-8 EPC can support this architecture without any change.
Huawei would like to volunteer to draft the LS back to RAN based on the discussion and consensus we made.
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