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1. Introduction
It has been agreed that header compression in the PDCP sublayer is based on the Robust Header Compression framework. The list of RoHC profiles to be supported is still an open issue in TS 36.323V0.0.4 ‎[1]. Contribution ‎[2] discusses separately more details with respect to the framework.

This paper proposes a way forward on how to include support for RoHC profiles in the LTE PDCP.
2. Support for RoHC in TS 36.323

2.1. Existing RoHC Profiles Relevant to LTE

The table below lists all existing profiles available to the RoHC framework.

	Profile ID
	Profile Name
	Compression of
	Smallest Header Size

(IPv4, IPv6)
	Maximum

Reordering

Depth

	Maximum Consecutive Losses

	Ref

	0x0000
	Uncompressed
	No compression
	N/A
	any
	any
	‎[4]


	0x0001
	RoHC RTP
	RTP/UDP/IP
	(1/3) octets
	1
	14
	‎‎[6]

 REF _Ref174766416 \r \h 
 \* MERGEFORMAT ‎[9]

	0x0002
	RoHC UDP
	UDP/IP
	(1/3) octets
	0
	15
	‎[6]

 REF _Ref174766416 \r \h 
 \* MERGEFORMAT ‎[9]

	0x0003
	RoHC ESP
	ESP/IP
	(1/3) octets
	1
	14
	‎[6]

 REF _Ref174766416 \r \h 
 \* MERGEFORMAT ‎[9]

	0x0004
	RoHC IP
	IP
	(1/3) octets
	0
	15
	‎[6]

 REF _Ref174766416 \r \h 
 \* MERGEFORMAT ‎[9]

	0x0006
	RoHC-TCP
	TCP/IP
	(6/6) octets
	4
	11
	‎[5]

	0x0007
	N/A
	RTP/UDP-Lite/IP
	(3-5/3-5) octets
	1
	14
	‎

 REF _Ref161544126 \r \h 
 \* MERGEFORMAT ‎[8]

	0x0008
	N/A
	UPD-Lite/IP
	(3-5/3-5) octets
	1
	15
	‎[8]

	0x0101
	RoHCv2 RTP
	RTP/UDP/IP
	(1/3) octets
	Dynamically configurable:

[max reordering, max losses]

[1, 15]

[4, 12]

[8,   8]

[12, 4]
	‎[10]

	0x0102
	RoHCv2 UDP
	UDP/IP
	(1/3) octets
	
	‎[10]

	0x0103
	RoHCv2 ESP
	ESP/IP
	(1/3) octets
	
	‎[10]

	0x0104
	RoHCv2 IP
	IP
	(1/3) octets
	
	‎[10]

	0x0107
	N/A
	RTP/UDP-Lite/IP
	(3-5/3-5) octets
	
	‎[10]

	0x0108
	N/A
	UDP-Lite/IP
	(3-5/3-5) octets
	
	‎[10]


This contribution does not address or propose support for profiles for UDP-Lite; these profiles are grayed out in the table above. Support for the RoHC-TCP profile (RFC4996 ‎[5]) is optionally supported for the compression of TCP/IP headers in LTE PDCP ‎[1] (as agreed during RAN2#58bis in Orlando, from contribution R2-072561 ‎[2]); this profile is highlighted in the table above. The uncompressed profile, of which only one version exist and is part of the RoHC framework in RFC4995 ‎[4], is also highlighted and is not addressed either in this contribution.
2.2. RoHCv2 Profiles and RFC 3095 / RFC 4815 Profiles

The IETF work on specifying a new version of the RFC3095 profiles, RoHCv2 ‎[10], stemmed from the process that led to the publication of RFC 4815 ‎[9]. RFC 4815 lists a number of corrections and clarifications to RFC 3095 which emerged from implementation efforts and careful reviews.

Robustness properties

The RoHCv2 profiles are designed to be more robust to some of the corner-case impairments for which RFC 3095 may loose synchronization. In addition, RoHCv2 profiles handle moderate amounts of reordering between compression endpoints, as shown in the table above. This is achieved with the exact same number of sequence number bits in the compressed header, by using an improved encoding method that handles out-of-sequence headers. It was agreed during RAN2#58bis that the reordering function in PDCP is after RoHC; this may be a useful property during inter-eNB handover. 
Conclusion 1: RoHCv2 profiles are more robust than RFC3095 profiles, with and without reordering.
Compression Efficiency
The RoHCv2 profiles achieve the exact same compression efficiency as RFC3095 profiles for the most efficient compression rate (i.e. for the smallest RoHC headers, as shown in the table above), for similar operating conditions. In addition, for some specific behavior of the RTP/UDP/IP header for which the smallest header cannot be used, compression efficiency with RoHCv2 is in fact slightly improved, and impairments leading to the sending of larger headers are fewer.

During the RAN2#58bis meeting, concerns were expressed as whether RoHCv2 has additional overhead compared to RFC3095 profiles, with respect to compression efficiency. The question raised was related to the “introduction” of the Master Sequence Number (MSN), which was misunderstood as being a new, additional field in the RoHCv2 compressed header. The MSN is in fact the exact same field as the SN field in the RFC3095 compressed header; it differs only it its naming, to avoid confusion between the SN in the compressed header (i.e. the MSN) with the SN in the original RTP header (i.e. the RTP SN). There is thus no additional overhead for sequencing information between the RoHCv2 profiles and the RFC3095 profiles.
Conclusion 2: 
Under equivalent operating conditions, the compression ratio of RoHCv2 profiles is at least as efficient as for RFC3095 profiles. I.e. the size of the most frequently used smallest header is the same.

Implementation and Processing Complexity
The specification of the RoHC-TCP profile ‎[5] ‎includes many simplifications and improvements with respect to RFC3095-based profiles ‎[6]

 REF _Ref174766399 \r \h 
 \* MERGEFORMAT ‎[7]

 REF _Ref161544126 \r \h 
 \* MERGEFORMAT ‎[8]; much of this specification serves as the basis to the RoHCv2 profiles ‎[5], including similar encoding methods which is at the core of a RoHC implementation. These simplifications relate to other core parts of the compression algorithm:

· Simplified compressor and decompressor logic, state machines, feedback logic;

· More efficient packet formats for compression of dynamically changing fields, with simpler handling of e.g. extension headers;

· Improved handling of tunneled IP headers for all profiles.

Other simplifications address a number of corner-case optimizations that have shown to provide little (if any) improvement for RFC 3095 profiles, such as multiple operational modes and transitions in between, and reference-based list compression.
Simpler logic and processing may be an advantage for flows operating at higher rates.
Conclusion 3: RoHCv2 profiles are simpler to implement and to operate than RFC3095 profiles.

Implementation Costs
Finally, the implementation step of RoHCv2 profiles is much smaller for an implementation that already includes support for the RoHC-TCP profiles, as opposed to the step for an implementation that only supports RFC3095 / RFC4815 profiles.

The LTE PDCP supports the RoHC-TCP profile; therefore the cost of supporting RoHCv2 profiles is limited both from RoHCv2’s similarities with RoHC-TCP, as well as from the simpler definition of the RoHCv2 profiles themselves.

During the RAN2#58bis meeting, concerns were expressed with respect to dual-mode terminals, i.e. UEs that support both the HSPA and LTE accesses; these UEs would have to implement RFC3095 from TS 23.323 for UTRAN, while they would have to implement the profiles supported in LTE as well. If the set of supported profiles differs between the two accesses, concerns about implementation efforts and costs were raised. These concerns are legitimate; however, we believe that since the dual-mode UE would likely support the RoHC-TCP profile and the RoHC framework (which is exactly the same for both RoHCv2 profiles and RFC3095 profiles), the implementation step for RoHCv2 profiles should not be an issue.
Note also that header compression is restarted at handover to LTE (there is no PDCP continuity), so maintaining compression after the handover using compatible profiles is not applicable. 
Conclusion 4: The cost of implementing of the RoHCv2 profiles is limited for LTE, because of similarities with the RoHC-TCP profile already supported in the LTE PDCP, and because they are simpler to implement than RFC3095 profiles.

2.3. Support for RoHC Profiles in TS 36.323
Based on the discussions and the conclusions listed above, we make the following proposals:

Proposal 1: 
The list of supported RoHC profiles in TS 36.323 should include support for RoHCv2 profiles as defined in ‎[10].
Proposal 2: 
The list of supported RoHC profiles in TS 36.323 should also include optional support for RFC3095-based profiles.
Proposal 3: 
The list of supported RoHC profiles should be exchanged as part of the UE capability, in a manner that would clearly and unambiguously
 identify what version of each profile shall be used when instantiating the PDCP entity.

The motivations for proposal 2 and 3 is to make it possible for early dual-mode UEs (HSPA, LTE) to perform header compression using an RFC3095-based implementation, while LTE-only terminals having the possibility to support RoHCv2 profiles in a more optimal implementation alongside the RoHC-TCP profile.
3. IETF Status of RoHC work items
The RoHCv2 work item is well advanced and should be completed by the RoHC WG by late 2007Q3. While clearly the completion of the work in the IETF is becoming very time-constrained, we believe that this proposal is flexible enough for RAN2 to assume that the IETF work will complete on time. 
4. Conclusion
It is proposed that RAN2 discusses the details and the conclusions of this contribution, and agrees on the three proposals in section 2.3.

Upon agreement in RAN2, Ericsson can contribute with further stage 3 text.
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� Reordering with respect to other packets of the same IP flow, i.e. independently of other compressed flows.


� Losses with respect to one single IP flow, i.e. not the combined losses for the entire RoHC channel. 


� Both RFC3095 � REF _Ref153352869 \r \h ��‎[7]� and � REF _Ref174772434 \r \h ��‎[4]� defines the Uncompressed profile, but the definition in � REF _Ref174772434 \r \h ��‎[4]� is preferred.


  Both definitions are entirely equivalent and compatible with each other. 


� Unambiguously here refers to the channel negotiation requirements of the RoHC framework, whereas the entire 16 bits of the profile identifier shall be exchanged as part of the UE capability, and whereas the 8 bits of the Profile field in the IR header represents the highest value (the latest version for a given profile).





