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1 Introduction
Discussions around different alternatives for relay architecture are still ongoing in RAN2 and RAN3 [1].  There are currently four different alternatives under discussion. For alternatives 1/2/3 (and also for the flavor of alternative 4 that removes UDP/IP but keeps GTP-U over Un, i.e. Alt.4b), GTP-U packets are transmitted over the Uu interface implying some overhead, as discussed in [2].

This contribution addresses further the topic of overhead on Un, concluding that:

· header compression over Un is an optimization, mainly relevant to VoIP traffic only;

· overhead on Un can be addressed at later stage, with a number of easily workable solutions.
2 Header Compression and GTP Tunnels
Header compression using the ROHC framework [3] can efficiently compress two levels of IP headers [4, 5], but there are no existing header compression solutions for compression of IP headers inside a GTP tunnel:
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Figure 1: Chain of headers, GTP tunneling

More specifically, there exist no header compression algorithm (e.g. ROHC profiles) that supports this chain of headers and there are no means to configure the use of header compression inside a GTP tunnel.
With current ROHC profiles, only the Outer IP and UDP headers can be compressed:
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Figure 2: Chain of headers, GTP tunneling with existing ROHC profiles
3 Possible ways forward
The GTP-U is a rather simple protocol where most fields can easily be compressed, i.e. from a header compression perspective the behavior of the fields in GTP-U is either static (e.g. TEID, which identifies the UE’s RAB), rarely changing and/or changing in a predictable manner (e.g. Sequence Number).
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Figure 3: GTP-U header, no extension(s)
The use of tunneling using GTP introduces two types of header overhead: one level of IP/UDP headers and the GTP header itself. There are three possible alternatives to optimize either only the additional IP/UDP headers, or the GTP header itself as well:
1) specifying a new header compression protocol;

2) performing header compression inside GTP-U tunnel;
3) specifying a 3GPP-specific (e.g. inside PDCP) solution.
The following subsections look into each alternative in more details.

3.1 Specifying a new header compression protocol
The first alternative could be to specify a new compression algorithm; this protocol could be based on an existing ROHC protocol, or it could be designed as a new protocol, and would compress the chain of headers shown in figure 1 above.
Based on the behavior for GTP-U fields, it can be estimated that the 76/96 bytes (assuming IPv4/IPv6) could be compressed down to some 11 bytes. This assumes that a large CID space and UDP checksum in both the inner and outer levels are used, and considers that the IP-ID (for IPv4) for the outer header does not exhibit any strong correlation with the inner RTP SN.
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Figure 4: Compressed chain of header – compression estimate, single profile
This alternative may ensure the most optimal benefits from header compression; however, it requires specifying a new header compression profile which may imply significant efforts in either IETF or 3GPP. Such an approach would require careful consideration by 3GPP. Another aspect is additional implementation efforts, i.e. existing header compression implementation would need to be updated.
3.2 Header compression inside the GTP-U tunnel
The second alternative could be to add support in GTP-U for performing header compression inside the tunnel e.g. to support a ROHC channel inside the GTP-U tunnel.
With this alternative, the GTP-U header could be left uncompressed; one header compression instance would compress IP headers inside the GTP-U tunnel while another instance would compress the outer IP headers:
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Figure 6: Compressed chain of header – compression estimate, two compression instances
It can be estimated that the 76/96 bytes (assuming IPv4/IPv6) could be compressed down to some 16 bytes. This assumes that a large CID space and UDP checksum in both the inner and outer levels are used.

Knowing the MME coordinates the GTP tunnel establishment, and that S1-AP is used to setup the GTP tunnel towards the eNB and that GTP-C is used towards the Serving GW (S11), this alternative would require that support for the configuration of header compression over GTP-U be added to the S1 procedure and to the GTP-C procedure. This would minimally require the addition of a packet type of ROHC packets over the relevant interfaces (e.g. using a new packet type ID in the GTP message type field). Other considerations such as whether or not bidirectional compression (i.e. use of feedback) is possible, in addition to unidirectional compression, should also be verified (EPS bearers are bidirectional).
Specifying support for header compression inside GTP tunnels requires modifications to GTP-C and S1-AP procedures (thus involving RAN3). Another aspect is the possibility to reuse existing header compression implementations.
3.3 Specifying a 3GPP-specific solution
A third alternative could be to specify a 3GPP-specific solution. With this alternative, using one ROHC instance per RAB i.e. per GTP-U TEID, PDCP would perform the following before transmission over the Un interface:

1) compress the inner IP headers, e.g. using an offset inside the PDCP SDU to ignore the GTP-U;

2) leave GTP-U header untouched;

3) strip the outer IP headers.
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Figure 5: Compressed chain of header – compression estimate, stripping approach
It can be estimated that the 76/96 bytes (assuming IPv4/IPv6) could be compressed down to some 11 bytes. This assumes that a large CID space and UDP checksum in both the inner and outer levels are used.

This requires no changes to PDCP Data PDU formats or to existing header compression implementation, but requires PDCP to be aware of GTP-U behavior to produce the correct offset. Additionally, 3GPP could consider further optimizations for the GTP-U part, if deemed necessary.  
4 Conclusion
When considering which alternative should be preferred by 3GPP, additional considerations need to be kept in mind with respect to specifications work.

From an IETF perspective, it is unclear whether or not IETF would agree to specify any solution that requires further enhancement and/or modifications to existing protocols, and whether or not this could be performed within reasonable delays:

   - GTP-U is not a protocol specified by IETF (typically reluctant to deal with non-IETF protocols);
   - ROHC WG is soon coming to a close, with few engaged resources (if any);
   - IETF process typically takes more time than 3GPP process (but exceptions can be found);
From a 3GPP perspective, it is unclear whether or not RAN2 has the necessary competence to design a new ROHC profile or to modify an existing one.
Our understanding is that the question of overhead over the Un interface for alternatives 1/2/3 and 4b for the relay architecture is only relevant to VoIP services, i.e. where the relative overhead of the headers is quite large in comparison to the size of the voice frame carried inside the VoIP packets. Whether or not it needs to be addressed also depends how large a fraction of the total traffic over the Un interface stems from VoIP services.

Would there be a need to optimize the IP header overhead when terminating the GTP tunnel in the relay eNB, this paper shows that there exist a number of workable alternatives addressing overhead over Un. 

· Considering this, we believe that this can be viewed as an optimization that can easily be addressed at a later stage in RAN2.
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