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1. Introduction

When closely re-examining the current ROHC profile related signalling in RRC, we discovered several deficiencies. In this contribution we describe these deficiencies and propose a solution.

2. Current solution

In Release-4, only limited support is present in RRC for negotiating the ROHC profiles that can be used by a certain PDCP entity
:

· The UE decompressor is required to support ROHC profiles 0,1,2 and 3. No UE capability in relation to supported ROHC profiles exists.

· When establishing a certain PDCP entity, the UTRAN can signal to the UE which ROHC profiles are supported by the UL decompressor. Only the values 1,2 and 3 can be signalled.

3. Limitations of current solution 

The current solution has three severe limitations:

1) It is not allowed for the UE to support a profile configuration consisting of less than the 3 indicated ROHC profiles. 

2) It requires a coupling between ROHC and RRC standardisation.

3) It does not support ROHC profile negotiation.

3.1. Mandatory ROHC profile support

Several reasons could lead to a situation in which a UE would prefer not to have to support profiles 1,2 and 3. 

· The usefulness of always supporting the ESP profile can be debated;
· A simple UE intended to support only a specific application would preferably be allowed to support only a subset of the ROHC profiles;

· If new future profiles provide better/simpler compression alternatives compared to the current ROHC profiles, it might no longer be sensible to also support the current ROHC profiles.

3.2. Coupling between ROHC and RRC standardisation

The current solution in RRC only takes into account the currently defined ROHC profiles. When only adding ROHC profile support indicators in RRC when a new ROHC profile becomes available, new ROHC profiles can only be used in combination with the latest version of the RRC protocols. Note that currently the standardisation for the ROHC TCP profile is ongoing. By indicating ROHC profile support in a general way, standardisation of RRC and ROHC would be more decoupled.

3.3. ROHC profile negotiation

Although the definition indicated in RFC3095 seems to indicate otherwise, the PROFILES parameter used in ROHC is not only related to the ROHC profiles supported by the decompressor but must also take into account the profiles supported by the corresponding compressor. If the PROFILES parameter does not take into account the capabilities of both peers and only the decompressor supports a profile intended to supersede a lower numbered profile, there will be no possibility for the compressor and decompressor to use the lower numbered profile although both may support this profile (see chapter 8 of RFC3095).

Note 1:
Note that when using ROHC over PPP (RFC3241), the decompressor will signal its supported profiles, but the compressor will acknowledge only supported profiles. This way, both compressor and decompressor can determine the PROFILES contents.

Note 2: 
Note that no requirement exists that a ROHC profile superseding a ROHC profile with a lower protocol id is backward compatible to this lower number profile.

4. Proposal

As a result of the above considerations, we think it is preferable to have the UE signal its supported ROHC profiles in the UE capabilities. In addition, information from both peers should be taken into account when determining the contents of the PROFILES parameter.

Several detailed aspects are considered (see next sections) and reflected in the attached proposed CR.

4.1. ROHC profile negotiation

In order to limit protocol impact and in keep the solution simple, it is proposed to assume that the UE and the UTRAN always support the same ROHC profiles in UL and DL (compressor and decompressor).

The proposed sequence to come to a negotiated PROFILES parameter in both UE and UTRAN is then as follows:

1) The UE signals a.o. in the UE CAPABILITY INFORMATION message the ROHC profiles supported by the UE. The signalled list consists of profiles that are supported by both the UE compressor and decompressor.

2) When establishing a PDCP entity, the UTRAN signals the ROHC profiles that can be used by this PDCP entity in both UL and DL. The list of signalled ROHC profiles will be determined by a.o. taking into account the capabilities of both the UE and the UTRAN. The list of ROHC profiles signalled by the UTRAN will therefore always be a subset of the profiles indicated by the UE in the UE capabilities.

3) The ROHC profiles signalled by the UTRAN at PDCP establishment determine the contents of the PROFILES parameter in both UE and the UTRAN for the established PDCP contexts.

4.2. Coding considerations

In order to be decoupled from future profile id definitions, the signalling should use the ROHC profile id’s as defined by IANA (see appendix 1). RRC should only contain a reference to the IANA definitions, without explicitly specifying which id value corresponds to which profile.

Straightforward coding approach

Signalling the supported ROHC profiles will increase the size of the UE capability signalling. Let’s assume that we use the following ASN.1 definitions:

ROHC-ProfileList-r4 ::=



SEQUENCE (SIZE
(1..maxROHC-Profile-r4))
OF











ROHC-Profile-r4
ROHC-Profile-r4 ::=




INTEGER (0..65535)

If we assume that on an average future UEs will support something like 5 profiles, the increase in the UE capability size caused by signalling the 5 values will be: 

· 1 Octet for the size of the sequence = 8 bits (PER UNALIGNED)

· 5 * 16 bits for the supported profiles =80 bits (PER UNALIGNED)

This results in a total information size of 88 bits or 11 octets. 

The PDCP-Capability is a.o. signalled in the CONNECTION SETUP COMPLETE message, UE CAPABILITY INFORMATION message and the INTER RAT HANDOVER INFO messages. The size of these messages is not unimportant and an additional 11 octets will increase RRC connection establishment and Inter-RAT handover times.

More optimised encoding

The ROHC profile identifier is build up of 2 parts: RFC 3095 section 8: “Two profile identifiers with identical 8 LSBs should be assigned only if the higher-numbered one is intended to supersede the lower-numbered one.” This makes the 8 lowest bits into a kind of “profile-number” and the highest 8 bits into a kind of “profile-version”. 

A more optimised encoding can be obtained by making several assumptions:

1) All UEs supporting ROHC will support the ROHC profile with profile-numbers 0 and profile-version 0 (no compression). Therefore there is no need to signal UE support for this profile.

2) Profile-number allocation is expected to be performed incrementally (0,1,2,3,……). 

3) All currently defined profiles have a profile-version equal to 0. It is not expected that frequent use will be made of profile-versions other than profile-version 0. 

Using assumption 1, the size of the addition information is brought back from 11 to 9 octets for 5 profiles. Using assumptions 2 and 3, the size can be further reduced:

ROHC-ProfileList-r4 ::=



SEQUENCE {


lowerROHCProfileList-r4



LowerROHCProfileList-r4,

   
otherROHCProfileList-r4



OtherROHCProfileList-r4 

OPTIONAL

     }

LowerROHCProfileList-r4 ::=


BIT STRING {













RohcProfile1(0),













RohcProfile2(1),













RohcProfile3(2),













RohcProfile4(3),













RohcProfile5(4),













RohcProfile6(5),













RohcProfile7(6),













RohcProfile8(7)













}
(SIZE (8))


}

OtherROHCProfileList-r4 ::=


SEQUENCE (SIZE
(1..maxROHC-Profile-r4))
OF











ROHC-Profile-r4

ROHC-Profile-r4 ::=




INTEGER (9..65535)

Based on this encoding, a UE supporting 5 profiles all with profile-version=0 will use 9 bits only.

Appendix 1: http://www.iana.org/assignments/rohc-pro-ids
RObust Header Compression (ROHC) Profile Identifiers 

- per RFC 3095

(last updated 15 February 2002)

Profile Identifier   Usage


Reference

------------------   ----------------------     ---------

0x0000               ROHC uncompressed          [RFC3095]

0xnn00               Reserved

0x0001               ROHC RTP                   [RFC3095]

0xnn01               Reserved

0x0002               ROHC UDP                   [RFC3095]

0xnn02               Reserved

0x0003               ROHC ESP                   [RFC3095]

0xnn03               Reserved

0xnn04               To be Assigned by IANA

0x0005               ROHC LLA                   [RFC3242]

0xnn05               Reserved                   

0x0006-0xnn7F        To be Assigned by IANA

0xnn80-0xnnFE        To be Assigned by IANA

0xnnFF               Reserved
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8.6.4.10
PDCP Info

For RFC 3095:

1>
the chosen MAX_CID shall not be greater than the value "Maximum number of ROHC context sessions" as indicated in the IE "PDCP Capability";
1>
the chosen Reverse_Decompression_Depth shall not be larger than the value “Reverse decompression depth” as indicated in the IE “PDCP Capability”;
1>
the configuration for the PACKET_SIZES_ALLOWED is FFS.

If IE "PDCP info" is included, the UE shall:

1>
if the radio bearer is connected to a CS domain radio access bearer:

2>

set the variable INVALID_CONFIGURATION to TRUE.

1>
if the IE "PDCP PDU header" is set to the value "absent":

2>
if the IE "Support for lossless SRNS relocation" is true:

3>
set the variable INVALID_CONFIGURATION to TRUE.

1>
if the IE "PDCP PDU header" is set to the value "present":

2>
if the IE "Support for lossless SRNS relocation" is false:

3>
if the IE "Header compression information" is absent:

4>
set the variable INVALID_CONFIGURATION to TRUE.

1>
if the IE "Header compression information" is absent:

2>
not use Header compression after the successful completion of this procedure;

2>
remove any stored configuration for the IE "Header compression information".

1>
configure the PDCP entity for that radio bearer accordingly;

1>
configure the RLC entity for that radio bearer according to the value of the IE "Support for lossless SRNS relocation".
1>
set the PROFILES parameter, used by inband ROHC profile negotiation, for this PDCP entity for both UL and DL equal to the list of ROHC profiles received in the IE “PDCP info”.
10.3.3.24
PDCP capability

Indicates which algorithms and which value range of their parameters are supported by the UE.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Support for lossless SRNS relocation
	MP
	
	Boolean
	TRUE means supported
	

	Support for RFC2507
	MP
	
	Boolean
	TRUE means supported
	

	>Max HC context space
	
	
	Integer(512, 1024, 2048, 4096, 8192)
	
	

	Support for RFC 3095
	MP
	
	Boolean
	TRUE means supported
	REL-4

	>Maximum number of ROHC context sessions
	MD
	
	Integer( 2, 4, 8, 12, 16, 24, 32, 48, 64, 128, 256, 512, 1024, 16384)
	Default value is 16.
	REL-4

	>Reverse decompression depth
	MD
	
	Integer (0..65535)
	Default value is 0 (reverse decompression shall not be used).
	REL-4

	>Profiles
	MP
	1 to <maxROHC-Profiles>
	
	ROHC profiles supported by both UE compressor and decom-pressor. Profile 0 shall always be supported by the UE.
	REL-4

	>>Profile instance
	MP
	
	Integer(1 .. 65535)
	Supported profile ids [51].
	REL-4


10.3.4.2
PDCP info

The purpose of the PDCP info IE is to indicate which algorithms shall be established and to configure the parameters of each of the algorithms.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Support for lossless SRNS relocation
	CV-LosslessCriteria
	
	Boolean
	TRUE means support
	

	Max PDCP SN window size
	CV-Lossless
	
	Enumerated(sn255, sn65535)
	Maximum PDCP sequence number window size. The handling of sequence number when the Max PDCP SN window size is 255 is specified in [23].
	

	PDCP PDU header
	MD
	
	Enumerated (present, absent)
	Whether a PDCP PDU header is existent or not. Default value is "present"
	

	Header compression information
	OP
	1 to <maxPDCPAlgoType>
	
	
	

	>CHOICE algorithm type
	MP
	
	
	
	

	>>RFC 2507
	
	
	
	Header compression according to IETF standard RFC 2507
	

	>>>F_MAX_PERIOD
	MD
	
	Integer (1..65535)
	Largest number of compressed non-TCP headers that may be sent without sending a full header. Default value is 256.
	

	>>>F_MAX_TIME
	MD
	
	Integer (1..255)
	Compressed headers may not be sent more than F_MAX_TIME seconds after sending last full header. Default value is 5.
	

	>>>MAX_HEADER
	MD
	
	Integer (60..65535)
	The largest header size in octets that may be compressed. Default value is 168.
	

	>>>TCP_SPACE
	MD
	
	Integer (3..255)
	Maximum CID value for TCP connections. Default value is 15.
	

	>>>NON_TCP_SPACE
	MD
	
	Integer (3..65535)
	Maximum CID value for non-TCP connections. Default value is 15.
	

	>>>EXPECT_REORDERING
	MD
	
	Enumerated (reordering not expected, reordering expected)
	Whether the algorithm shall reorder PDCP SDUs or not. Default value is "reordering not expected".
	

	>>RFC 3095
	
	
	
	Header compression according to IETF standard RFC 3095
	REL-4

	>>>CID inclusion info
	MP
	
	Enumerated (PDCP header, RFC3095 packet format)
	Configures which method shall be used to carry RFC3095 CID values.
	REL-4

	>>>Max_CID
	MD
	
	Integer (1.. 16383)
	Highest context ID number to be used by the compressor.

Default value is 15.
	REL-4

	>>>Profiles
	MP
	1 to <maxROHC- Profiles>
	
	Profiles supported by both  compressor and decompressor in both UE and UTRAN. Profile 0 shall always be supported.
	REL-4

	>>>>Profile instance
	MP
	
	Integer(1 .. 65535)
	Supported profile ids [51] .
	REL-4

	>>>MRRU
	MD
	
	Integer (0 .. 65535)
	Maximum reconstructed reception unit. Default value is 0 (no segmentation).
	REL-4

	>>>Packet _Sizes_Allowed
	OP
	1 to <maxROHC- PacketSizes>
	
	List of packet sizes that are allowed to be produced by RFC 3095.
	REL-4

	>>>>Packet size
	MP
	
	Integer (2 .. 1500)
	Packet size as defined in RFC 3095.
	REL-4

	>>>Reverse_Decompression_Depth
	MD
	
	Integer (0..65535)
	Determines whether reverse decompression should be used or not and the maximum number of packets that can be reverse decompressed by the decompressor. Default value is 0 (reverse decompression shall not be used).
	REL-4


	Condition
	Explanation

	LosslessCriteria
	This IE is mandatory present if the IE "RLC mode" is "Acknowledged", the IE "In-sequence delivery " is "True" and the IE "SDU Discard Mode" is "No discard" and not needed otherwise.

	Lossless
	This IE is mandatory present if the IE "Support for lossless SRNS relocation" Is TRUE, otherwise it is not needed.


-- ***************************************************

--

--     USER EQUIPMENT INFORMATION ELEMENTS (10.3.3)

--

-- ***************************************************

-------------------------------------------------------------//--------------------------------------------------------------------

PDCP-Capability ::=




SEQUENCE {


losslessSRNS-RelocationSupport

BOOLEAN,


supportForRfc2507




CHOICE {



notSupported





NULL,



supported






MaxHcContextSpace


}

}

PDCP-Capability-r4-ext ::=


SEQUENCE {


supportForRfc3095



CHOICE {



notSupported





NULL,



supported






SEQUENCE {




maxROHC-ContextSessions



MaxROHC-ContextSessions-r4
DEFAULT s16,




reverseCompressionDepth



INTEGER (0..65535)


DEFAULT 0,



rohcProfileList





ROHC-ProfileList-r4


}


}

}

PhysicalChannelCapability ::=

SEQUENCE {



fddPhysChCapability




SEQUENCE {




downlinkPhysChCapability


DL-PhysChCapabilityFDD,




uplinkPhysChCapability



UL-PhysChCapabilityFDD



}










OPTIONAL,



-- tddPhysChCapability describes the 3.84Mcps TDD physical channel capability



tddPhysChCapability




SEQUENCE {




downlinkPhysChCapability


DL-PhysChCapabilityTDD,




uplinkPhysChCapability



UL-PhysChCapabilityTDD



}










OPTIONAL

}

-------------------------------------------------------------//--------------------------------------------------------------------
-- ***************************************************

--

--     RADIO BEARER INFORMATION ELEMENTS (10.3.4)

--

-- ***************************************************
-------------------------------------------------------------//--------------------------------------------------------------------

RLC-SizeExplicitList
::=


SEQUENCE (SIZE
(1..maxTF))
OF











RLC-SizeInfo

ROHC-Profile-r4 ::=




INTEGER (9..65535)

ROHC-ProfileList-r4 ::=



SEQUENCE {


lowerROHCProfileList-r4



LowerROHCProfileList-r4,

   
otherROHCProfileList-r4



OtherROHCProfileList-r4 

OPTIONAL

     }

LowerROHCProfileList-r4 ::=


BIT STRING {













rohcProfile1(0),













rohcProfile2(1),













rohcProfile3(2),













rohcProfile4(3),













rohcProfile5(4),













rohcProfile6(5),













rohcProfile7(6),













rohcProfile8(7)













}
(SIZE (8))


}

OtherROHCProfileList-r4 ::=


SEQUENCE (SIZE
(1..maxROHC-Profile-r4))
OF











ROHC-Profile-r4
ROHC-PacketSize-r4
::=



INTEGER (2..1500)

ROHC-PacketSizeList-r4 ::=


SEQUENCE (SIZE
(1..maxROHC-PacketSizes-r4))
OF











ROHC-PacketSize-r4

----------------------------------------------------------------//-----------------------------------------------------------------

RFC2507-Info ::=




SEQUENCE {


f-MAX-PERIOD





INTEGER (1..65535)




DEFAULT 256,


f-MAX-TIME






INTEGER (1..255)




DEFAULT 5,


max-HEADER






INTEGER (60..65535)




DEFAULT 168,


tcp-SPACE






INTEGER (3..255)




DEFAULT 15,


non-TCP-SPACE





INTEGER (3..65535)




DEFAULT 15,


-- TABULAR: expectReordering has only two possible values, so using Optional or Default


-- would be wasteful


expectReordering




ExpectReordering

}

RFC3095-Info-r4 ::=



SEQUENCE {

cid-InclusionInfo




CID-InclusionInfo-r4,


max-CID







INTEGER (1..16383)




DEFAULT 15,


rohcProfileList





ROHC-ProfileList-r4,

mrru







INTEGER (0..65535)




DEFAULT 0,


rohcPacketSizeList




ROHC-PacketSizeList-r4,


reverseDecompressionDepth


INTEGER (0..65535)




DEFAULT 0

}

RLC-Info ::=





SEQUENCE {


ul-RLC-Mode






UL-RLC-Mode






OPTIONAL,


dl-RLC-Mode






DL-RLC-Mode






OPTIONAL

}

RLC-InfoChoice ::=




CHOICE {


rlc-Info






RLC-Info,


same-as-RB






RB-Identity

}

--------------------------------------------------------------------//---------------------------------------------------------------




























� The final ROHC profile selection is determined by inband signaling.
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