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1   Introduction
Based on agreements of the RAN3#65bis meeting [1], one of item that needs to be investigated further is the header compression. Based on agreements of the RAN2#66bis meeting [2], the LTE-A relay study should not specifically focus on the low density deployments. That is, the type-I relay is equally applied to urban deployment and low density deployment scenarios. For low density deployment, more than two hops deployment is usually required to extend the cell coverage economically. Based on agreements of the RAN3#65bis meeting, multi-hop and RN mobility are both de-prioritized but still are taken into account in the architecture solution, which are items for consideration in way forward discussions in the [3] on relay architecture alternatives. In RAN2#67 meeting [4], it was agreed that all alternatives in principle support both two hops and multi-hop RN deployments where the detail procedure is described in the [5]. Therefore, the next step in the down selection process should study various operating characteristics for two-hop, multi -hop and mobile relay scenarios in order to “find the devil in the detail”.
This contribution studies the header compression issues over Un for relay operations in two-hop, multi-hop and mobile relay scenarios. Based on agreements of the RAN2#67 meeting, the Type 1 Relay of four alternatives is depicted in [6]. Alternative 4 requires no additional header compression mechanism for S1-CP and S1-UP operations over Un, whereas the S1-MME message and S1-U packets in the Alternative 1 and Alternative 3 are delivered inside a GTP-U tunnel (two hops) or multiple nested GTP-U tunnels (multiple hops), which are require to be compressed to efficiently transport S1-MME messages and S1-U packets over the radio link of the Un interface because of IP/UDP/GTP headers overheads. 
There are three solutions for the header compression in the Un interface described in the [7]. However, these solutions were described in the context of the two-hop relay only. The header compression mechanism for the multi-hop relay and mobile relay were not studied.  
This contribution analyzes the complexity of header compression in the user plane and control plane transporting over the Un interface for the Type 1 Relay architecture alternatives in scenarios of the two-hop RN, the multi-hop RN and the mobile RN. It is shown that even though all alternatives in principle support both two-hop RN and multi-hop RN deployments, Alternative 1 and Alternative 3 cannot practically support the header compression for multi-hop RN and mobile RN deployments. It is also concluded that considering the complexity of the header compression for the multi-hop RN and the mobile RN, S1-U shall terminate in DeNB and the S1-MME transport network shall terminate in DeNB.
2   Discussion
For the user plane transport, UE’s IP packet is in the IP/UDP/GTP tunnel for Alternative 1, 2 and 3. Even though a new ROHC profile could be defined for IP/UDP/GTP but ROHCv1 and ROHCv2 [8] cannot compresses concatenated chains of profiles. Also, Alternative 1 and 3 could incur various depths of GTP-U tunnels for the user plane transport, which introduces extra processing complexity for the header compression in the Rel-8 ROHC mechanism in PDCP [9]. The comparison among four Alternatives regarding the complexity of the header compression is as follows
1. Alternative 1, 2 and 3 transport UE data traffic inside a GTP-U tunnel. There is a chain of two concatenated headers in the two-hop scenario.
2. Alternative 1 establishes its separated RN’s GTP-U tunnel directly to the S-GW/P-GW to transport UE data traffic, which causes multiple concatenated IP/UDP/GTP headers in the multi-hop scenario.
3. (similar to Alternative 1) Alternative 3 establishes its separated RN’s GTP-U tunnel to DeNB to transport UE data traffic, which also causes multiple concatenated IP/UDP/GTP headers in the multi-hop scenario.
4. (better than Alternative 1 and 3) Alternative 2 establishes its GTP-U tunnel only to its super-ordinate RN or DeNB to transport UE data traffic. There is a chain of two concatenated headers in the multi-hop scenario.
5. (better than Alternative 1, 2 and 3) Alternative 4 does not establish any GTP-U tunnel to transport UE data traffic. Alternative 4 reuses the Rel-8 ROHC mechanism without modification in the PDCP in two-hop and multi-hop scenarios.
2.1   ROHCv2 vs. a chain of multiple ROHC profiles
In the ROHCv2, there is only one octet to specify the header compression profile in the IR header format depicted in the Figure 2.1-1. ROHCv2 could compress concatenated headers only if the chain of header formats has been specified in ROHCv2 profiles.

[image: image1]
Figure 2.1-1: IR header format
If there is a chain of headers that combine multiple header compression profiles, i.e. an example described in the Figure 2.1-2, only the outer headers that already defined in ROHCv2 profiles are compressed in Rel8 PDCP.

[image: image2]
Figure 2.1-2: chain of headers with two header compression profiles
2.2   Header compression for two-hop and multi-hop RN
2.2.1   Two-hop scenario
The user plane protocol stack and corresponding GTP-U tunnel of the Alternative 1, 2 and 3 are depicted in the Figure 2.2.1-1, Figure 2.2.1-2, Figure 2.2.1-3, Figure 2.2.1-4, Figure 2.2.1-5, and Figure 2.2.1-6. When a UE attaches to its access RN, UE’s IP packets is carried inside the GTP-U tunnel. For the two-hop scenario, there is a chain of two headers for the header compression where one is for UE’s IP packets and another one is for the IP/UDP/GTP headers. 
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Figure 2.2.1-1: User plane protocol stack for two-hop RN – Alt 1
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Figure 2.2.1-2 The UE’s IP packet, UE’s and RN’s GTP-U tunnels (UP) – Alt 1
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Figure 2.2.1-3: User plane protocol stack for two-hop RN – Alt 2
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Figure 2.2.1-4: The UE’s IP packet and GTP-U tunnel (UP) – Alt 2
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Figure 2.2.1-5: User plane protocol stack for two-hop RN – Alt 3
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Figure 2.2.1-6: The UE’s IP packet and GTP-U tunnel (UP) – Alt 3
Alternative 1, 2, and 3 require modifying the Rel-8 mechanism of the header compression in PDCP to support a chain of concatenated headers. There are three solutions for the header compression in the Un interface described in [7]. The simplest solution is to create new profiles to support the IP/UDP/GTP tunnel. The existing header compression protocol and profiles supported in the PDCP is depicted in the Figure 2.2.1-7. There are nine types of profiles defined in Rel-8 for PDCP. In order to support the IP packet insides the GTP-U tunnel, 9 additional profiles are required for PDCP in the Un interface in the two-hop RN network. For example, if an IP/UDP/RTP packet with a profile number 0x0001 is used for the header compression in the Uu interface, a new definition of profile for IP/UDP/GTP/IP/UDP/RTP is required for the IP/UDP/RTP packet in the Un interface. 
	Profile Identifier
	Usage:
	Reference

	0x0000
	No compression
	RFC 4995

	0x0001
	RTP/UDP/IP
	RFC 3095, RFC 4815

	0x0002
	UDP/IP
	RFC 3095, RFC 4815

	0x0003
	ESP/IP
	RFC 3095, RFC 4815

	0x0004
	IP
	RFC 3843, RFC 4815

	0x0006
	TCP/IP
	RFC 4996

	0x0101
	RTP/UDP/IP
	RFC 5225

	0x0102
	UDP/IP
	RFC 5225

	0x0103
	ESP/IP
	RFC 5225

	0x0104
	IP
	RFC 5225


Figure 2.2.1-7: Supported header compression and profiles in the PDCP
The user plane protocol stack and the corresponding GTP-U tunnel of the Alternative 4 are depicted in the Figure 2.2.1-8 and Figure 2.2.1-9. There is no GTP-U tunnel in the Un interface. Hence, Alternative 4 reuses the Rel-8 ROHC mechanism without modification in PDCP to support the header compression for the user plane transport over the Un interface.
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Figure 2.2.1-8: User plane protocol stack for two-hop RN – Alt 4
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Figure 2.2.1-9: The UE’s IP packet and GTP-U tunnel (UP) – Alt 4
2.2.2   Multi-hop scenario
The user-plane protocol stack of Alternative 1 for the three-hop RN is depicted in the Figure 2.2.2-1. The start-up procedure of RN and UE for the three-hop RN is depicted in [4]. Whenever a RN attaches to its DeNB or super-ordinate RN, the RN in the Alternative 1 establishes a GTP-U connection directly to the S-GW/P-GW for the user-plane transport. When a UE attaches to its access RN, UE’s EPS bearer is carried inside RNs’ GTP-U tunnels. For the three-hop RN, there are three levels of IP headers in the RN1, including one IP packets within a chain of two concatenated IP/UDP/GTP headers. The corresponding GTP-U tunnel of the Alternative 1 is depicted in the Figure 2.2.2-2.
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Figure 2.2.2-1: User plane protocol stack for three-hop RN – Alt 1
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Figure 2.2.2-2: The UE’s and RN’s GTP-U tunnels (UP) (three-hop RN) – Alt 1
The user-plane protocol stack of the Alternative 3 for the three-hop RN is depicted in the Figure 2.2.2-3. Similar to the Alternative 1, the RN in the Alternative 3 establishes a GTP-U connection directly to DeNB for the user-plane transport. When a UE attaches to its access RN, UE’s EPS bearer is carried inside RNs’ GTP-U tunnels. For the three-hop RN, there are three levels of IP headers in the RN1, including a chain of two concatenated IP/UDP/GTP headers. The corresponding GTP-U tunnel of the Alternative 3 is depicted in the Figure 2.2.2-4.
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Figure 2.2.2-3: User plane protocol stack for three-hop RN – Alt 3
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Figure 2.2.2-4: The UE’s and RN’s GTP-U tunnel (UP) (three-hop RN) – Alt 3

The common issue for Alternative 1 and Alternative 3 is that once a RN attaches to a existing RN network, an additional GTP-U tunnel expands the chain of headers that requires to be compressed in its super-ordinate RN or DeNB. The super-ordinate RN or DeNB needs to be able to dynamically modify the depth of header compression chains to accommodate different UE data that is encapsulated in varies depth of tunnels but aggregated in the same DRB of Un.
For example, a multi-hop RN network of Alternative 1 is depicted in the Figure 2.2.2-5. In order to transport UE1 data traffic, there is a concatenated chain of two header profiles for compression in the RN1. If the RN1 supports UE2’s S1-U connection from the RN2, RN1 needs to expand the functionality in the PDCP to compress a concatenated chain of three header profiles. Similarly, when another RN, say RN3, attaches to the RN2. In order for RN1 to support all data traffic from the RN2, RN1 needs to extend the functionality in the PDCP again to compress a concatenated chain of four header profiles for the data traffic from RN3. Furthermore, data traffic aggregated in the same GTP-U tunnel could be encapsulated in varies depth of tunnels. RN1 has to have the capability of dynamically identifying the depth of tunnels for the header compression and be able to compress various chains of headers simultaneously and efficiently. 
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Figure 2.2.2-5: The UE’s and RN’s GTP-U tunnel (UP) – Alt 1
Therefore, Alternative 1 and Alternative 3 need to modify the Rel-8 mechanism of header compression in the PDCP to support a dynamic chain of concatenated headers that changes frequently. Three solutions described in the [7] support only the RN network with a static chain of headers. If the chain of headers changes dynamically as described above in Alternative 1 and Alternative 3 for the multi-hop RN network, the header compression complexity is clearly out of scope of ROHCv1 and ROHCv2. Also, the solution by creating new profiles to support dynamic chains of multiple concatenated IP/UDP/GTP headers is an impractical solution in the multi-hop RN network if the depth of tunnels is not static. For example, whenever a RN, i.e. RN4, attaches to RN3, at least nine additional profiles are required for PDCP in the RN1. In order to compress UE’s traffic from all subordinate RNs, RN1 has to dynamically accommodate nine times the current depth of GTP-U tunnels for the header compression in PDCP. 
One possible but not practical solution is that the super-ordinate RN or DeNB can utilize a RRC message to modify the existing radio connection as described in [9]. The super-ordinate RN or DeNB utilizes RRCConnectionReconfiguration to adjust the PDCP configuration of ROHC profiles for extra chains of concatenated headers whenever there is a new RN attaching to the network. It is not clear how to modify the architecture of Alternative 1 and 3 to accommodate above scheme. Meanwhile, Alternative 1 and 3 establish the direct logical S1-U connection between the RNs and the S-GW/P-GW of RN for RNs’ GTP-U tunnel. It is also not clear how the intermediate RNs and DeNB are able to identify the depth of GTP-U tunnel which requires further study.
Besides, in the Alternative 1 and Alternative 3, the concatenated chain of profiles for the target or source RNs probably would change due to the UE mobility among different depth of multi-hop or two-hop RN network. 
The user-plane protocol stack of the Alternative 2 for the three-hop RN is depicted in the Figure 2.2.2-6. Whenever a UE attaches to the access RN, the access and intermediate RNs in the Alternative 2 establishes a GTP-U connection only to its super-ordinate RN or DeNB for the user-plane transport. For the three-hop RN, there is a chain of concatenated headers with the one UE’s IP packet inside the IP/UDP/GTP headers, which is same as that of two-hop RN network. Therefore, For Alternative 2 the header compression mechanism designed for the two-hop scenario can work for the multi-hop network as well. The corresponding GTP-U tunnel of the Alternative 2 is depicted in the Figure 2.2.2-7.
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Figure 2.2.2-6: User plane protocol stack for multi-hop RN – Alt 2
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Figure 2.2.2-7: The UE’s and RN’s GTP-U tunnel (UP) (three-hop RN) – Alt 2
The user plane protocol stack and corresponding GTP-U tunnel of Alternative 4 are depicted in the Figure 2.2.2-8 and Figure 2.2.2-9. There is no GTP tunnel in the Un interface. Hence, Alternative 4 reuses the Rel-8 header compression in the PDCP for the multi-hop RN network.
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Figure 2.2.2-8: User plane protocol stack for multi-hop RN – Alt 4
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Figure 2.2.2-9: The UE’s IP packet, and the UE’s and RN’s GTP-U tunnels (UP) (three-hop RN) – Alt 4
Besides, in the Alternative 2 and Alternative 4, the concatenated chain of profiles for the target or source RNs would remains the same due to the UE mobility.
Furthermore, S1-MME of Alternative 1and Alternative 3 is also carried in the DRB. The header compression problem caused by the GTP-U tunnel in the user plane transport also exists in the control plane transport for the multi-hop RN network. The control plane protocol stack of the Alternative 1 is depicted in the Figure 2.2.2-10.
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Figure 2.2.2-10: The control protocol stack for two-hop and three-hop RN – Alt 1
In the Alternative 1 and 3, UE’s IP/SCTP/S1-AP message is carried inside RNs’ GTP Tunnel depicted in the Figure 2.2.2-11 and Figure 2.2.2-12. If RN1 supports UE1’s S1-MME connection, there is a chain of one header profile for compression. RN1 needs to use a newly defined IP/SCTP ROHC profile. If the RN1 supports UE2’s S1-MME connection, RN1 is required to accommodate the functionality in the PDCP to compress a concatenated chain of two header profiles. The TNL overhead over the Un interface is also in proportion to the number of its sub-ordinate RNs for the control plane transport. 
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Figure 2.2.2-11: The S1-MME connection and the corresponding GTP-U tunnels (CP) – Alt 1
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Figure 2.2.2-12: The S1-MME connection and the corresponding GTP-U tunnels (CP) – Alt 3
In the Alternative 2, UE’s IP/SCTP/S1-AP message is not carried inside any GTP Tunnel depicted in the Figure 2.2.2-13. RN may need to use a newly defined IP/SCTP ROHC profile. However, there is no concatenated chain of IP headers.
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Figure 2.2.2-13: The S1-MME connection (CP) – Alt 2

The S1-MME of Alternative 4 is depicted in the Figure 2.2.2-14. The S1-MME is carried inside the SRB. There is no IP header in the Un interface. Alternative 4 also reuses the Rel-8 PDCP for the control plane transport.
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Figure 2.2.2-14: The S1-MME connection (CP) – Alt 4
2.3   Header compression for Mobile RN 
For mobile RN, the complexity of compressing dynamic chains of concatenated headers in PDCP is worse than the multi-hop RN. After a RN handovers, all the previous super-ordinate RNs decreases the depth of the chain of headers for compression due to the RN’s departure. All new super-ordinate RNs expand the depth of the chain of headers for compression due to the RN’s attachment. The header compression of RN’s new and old super-ordinate RNs and DeNB are required to dynamically modify the depth of the header compression chains to accommodate the changes of the network topology. 
In Alternative 1, the procedure of the RN mobility is depicted in the [11]. If a mobile RN, RN2, moves to DeNB depicted in the Figure 2.3-1. The established GTP-U tunnels provide no impact on the existing RN, RN1. However, if the RN2 moves to RN1, there are additional RN’s and UE’s GTP-U tunnels established in the RN1, which is depicted in the Figure 2.3-2. 

[image: image26.emf]DeNB

RN 2

S-GW/P-GW

(RN)

S-GW/P-GW

(UE)

RN2 GTP-U tunnel

UE 2

UE2 GTP-U tunnel

RN 1

RN1 GTP-U tunnel

UE 1

UE1 GTP-U tunnel


Figure 2.3-1: GTP-U tunnels for Mobile RN (move to the DeNB) – Alt 1
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Figure 2.3-2: GTP-U tunnels for Mobile RN (move to the RN) – Alt 1

If a RN moves to the DeNB, additional GTP-U tunnels are established separately. There is no impact on RN1’s radio links. If a RN moves to another RN, the chain of headers for the header compression is extended in all its super-ordinate RNs. Hence, unless a mobile RN moves to DeNB, during HO, all its super-ordinate RNs and DeNB needs to expand the functionality in the PDCP for compression to support the chain of extra depth of headers due to the RN mobility.  
There are two possible schemes to support the variation of the depth of tunnels in the header compression during the RN mobility. However, both schemes are out of the scope of definitions in current TR 36.806 [6] for Alternative 1 and 3. For example, the radio link in Alternative 1 is depicted in the Figure 2.3-3. When the RN3 moves to the RN2, the super-ordinate RNs could adjust existing RRC connections as described in the Figure 2.3-4.
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Figure 2.3-3: GTP-U tunnels for Mobile RN (three-hop RN) – Alt 1
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Figure 2.3-4: GTP-U tunnels for Mobile RN (adjust existing connections) – Alt 1

Alternatively super-ordinate RNs and DeNB could create another DRB for those augmented GTP-U tunnels in all super-ordinate links as described in the Figure 2.3-5. However, this method is outside the scope of the description for the Alternative 1 and 3 in [6] and it is not clear how to modify the Alternative 1 and 3 architectures to support these features.
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Figure 2.3-5: GTP-U tunnels for Mobile RN (create another DRB) – Alt 1
Alternative 3 is similar to Alternative 1 regarding the complexity of the header compression for the mobile RN because they share the same GTP-U tunnel-in-tunnel user plane architecture.
It is not clear how Alternative 2 could support the RN mobility due to its embedded P-GW/S-GW architecture. However, if we assume that Alternative 2 could support the RN mobility, then comparing to Alternative 1and 3, the impact of the header compression is sparse in the Alternative 2 during the RN mobility, which is depicted in the Figure 2.3-6 and Figure 2.3-7. 
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Figure 2.3-6: GTP-U tunnels for Mobile RN (move to the DeNB) – Alt 2
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Figure 2.3-7: GTP-U tunnels for Mobile RN (move to the RN) – Alt 2
Alternative 4 reuses existing Rel-8 header compression profiles to the mobile RN, which is depicted in the Figure 2.3-8 and Figure 2.3-9. There is no impact of the header compression in Alternative 4 during the RN mobility.
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Figure 2.3-8: GTP-U tunnels for Mobile RN (move to the DeNB) – Alt 4
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Figure 2.3-9: GTP-U tunnels for Mobile RN (move to the RN) – Alt 4
3   Conclusion

We have analyzed the header compression among four relay Alternative in the [6] for two-hop, multi-hop and mobile RN scenarios, and conclude the following.
1. Although the Alternative 1and Alternative 3 in principle could support multi-hop RN and mobile RN operations in the [4] and [5], supporting the multi-hop RN network and the mobile RN in Alternative1 and Alternative 3 is not practical if considering the complexity of the header compression. 
2. Alternative 4 reuses the Rel-8 compression mechanism of PDCP that incurs no additional header compression complexity.
3. The termination of S1-MME in RN and DeNB (Alternative 2 and 4) simplifies the header compression scheme dramatically in the control plane over the Un interface.

4. The termination of S1-MME in RN and DeNB, plus terminating the S1-MME transport network in the DeNB (Alternative 4) not only simplifies the header compression scheme but also further improve the efficiency in the control plane over the Un interface. 
5. The termination of the S1-U in the DeNB (Alternative 4) can reuse the Rel-8 compression mechanism of PDCP in the user plane over the Un interface.
Proposal 1: The Alternative 1 and Alternative3 shall only be deployed in the two-hop fixed RN network.
Proposal 2: The S1-MME is terminated in RN and DeNB and the S1-MME transport network is terminated in DeNB only.
Proposal 3: The S1-U is terminated in the DeNB.
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