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1 Introduction

RAN#70 agreed that Rel-8/9 ROHC in PDCP would be the baseline also for the communication over the Un link. Rel-8/9 ROHC means compression of outer headers only, leaving the inner headers and the GTP header unchanged. Further optimizations on the table are 

· separate, double compression (inner+outer header) with GTP header uncompressed, and 

· header stripping of outer headers plus reduction of GTP header.

It has been shown previously in RAN2 that the gains of such header compression schemes are small [1, 2], indicating 6% to 8% gain for a certain packet size profile, and the need has therefore been questioned [1]. These optimizations could however still be considered if they are robust and simple to implement. Therefore, the complexity of these schemes should be carefully investigated and compared against added value (i.e. performance gain).

In this contribution, we made an initial analysis of both proposed schemes. We list possible complications and unsolved issues that imply that it might not be straightforward to implement either of these two additional header compression schemes. 
2 Discussion
Both options for additional header compression, double ROHC and header stripping, have been developed on a conceptual level. In the following two sections, we look further into the details of each proposed scheme to try to understand what needs to be considered to implement it, and/or what flexibility might be reduced from implementing it.

2.1 Double compression

An initial analysis of the implementation complexity of a double compression scheme that compresses the outer header with the ROHC IP/UDP profile and in addition compresses the inner headers with a relevant ROHC profile has been done. The following issues to consider have been found:

· Rel-9 PDCP [1] clearly states that there is at most one ROHC instance for every PDCP entity. This would need to be changed to allow for two ROHC compressor/decompressor pairs per PDCP entity.
· PDCP would need support for passing a GTP header through, unchanged.

· To compress the inner IP header and its subsequent protocols, the position of the inner header needs to be known. This means that PDCP needs to have some kind of pointer or field to indicate the start of the inner header.

· Since ROHC packets do not contain any length information for the payload, it relies on lower layers indicating the length of a compressed packet [4]. This means 

· that the two compressors have to work serially (cannot work in parallel) adding tighter requirement on the delay inferred by one compression, and

· that the sequence of the double compression needs to be defined and followed. To get the inferred length fields correct, the outer header needs to be compressed first, then the inner header. The decompression has to be done in the opposite way: first decompress the inner header, then the outer header. 

· With two ROHC compressor/decompressor pairs, it is not obvious how to treat the ROHC feedback packets. Normally, they are transmitted in a PDCP Control PDU but with double compressor/decompressor pairs, it would be ambiguous which compressor/decompressor pair the PDCP Control PDU carrying the feedback packet belongs to. Two solutions can be envisioned: 
· using one of the reserved bits in the PDCP Control PDU for interspersed ROHC feedback packets to address the inner or the outer compressor/decompressor pair, or 
· tunneling ROHC feedback packets (or optionally even the full PDCP Control PDU) by adding GTP/UDP/IP. 
Pros and cons of the different solutions would need to be considered.

The above issues are not a complete listing of changes needed to realize double ROHC compression, but only the result of an initial analysis. A closer look could reveal more aspects to consider, e.g. there might be issues with error handling. Overall, it is difficult to assess this scheme until all consequences are considered, and for that, a detailed analysis is required. At this point, we can only say that a number of changes are needed in PDCP to enable double ROHC compression. 

2.2 Header Stripping

A scheme that removes the outer IP and UDP headers and reuses Rel-8/9 ROHC functionality in PDCP to compress the inner IP header and other headers fitting a ROHC profile was proposed in [5]. In this scheme, the GTP header was reduced to only the TEID of the corresponding Uu DRB. Although attractive at first sight, an initial analysis of this option reveals the following:

· Stripping the outer IP/UDP header assumes that there is no relevant information at all in these headers. This might be true at times, but is it always true? It means losing e.g. ECN bits, and any other current or future information that is carried by the IP and UDP protocols. An option could be to carry any relevant info in these headers in out-of-band signalling, but then we are specifying a whole new header compression scheme. Given the Rel-10 time frame, we believe new header compression schemes should be considered only if absolutely necessary. 
· IP/UDP are already specified, commonly used protocols for e.g. addressing of data packets. Removing these headers, effectively removing these protocols, makes it difficult to send any other traffic than GTP traffic (e.g. S1/X2) on a Un radio bearer. Hence, e.g. S1/X2 traffic and user plane traffic would have to be transported on separate Un radio bearers, limiting the mapping freedom. 
· Stripping of the outer header goes against the protocol layering principle since it removes the IP/UDP headers (the network/transport layer) and connects the layer above (application layer) directly to the layer below (link layer). That creates a rather inflexible solution which removes the possibility for future enhancements using IP/UDP. 
· To enable ROHC compression of the inner header, PDCP would have to be modified to find the start position of the inner header, as that will be inside the remnants of the GTP header (same issue as for finding the inner header in the double ROHC alternative).

As for the double ROHC compression solution, the above is not a complete listing of consequences of introducing header stripping. The only thing we can conclude is that there are issues identified, that would need to be looked into, and a more detailed analysis is required.
3 Conclusion

With the limited gain expected from additional header compression (compared to Rel-8/9 outer header compression), and with the potential complexity issues and uncertainties highlighted above, we question if adding any of the proposed header compression optimization is the best optimization needed at this stage. We therefore propose:

Proposal 1 Additional Un header compression schemes, beyond the already available header compression functionality in Rel-8 PDCP that can be applied on the outer headers, need not be considered for Rel 10.
Proposal 2 If additional Un header compression schemes are considered essential in Rel 10, which scheme to choose needs further analysis, and should be optional to support.
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