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1. Introduction

From the meeting #30 in Turin, we have discussed asymmetric ROHC configuration considering uplink and downlink conditions [1][2][3]. At the last meeting, the necessity of asymmetric configuration was positively considered, but the question of end-to-end understanding was raised. 

Here, we first describe end-to-end operation of header compression in order to understand the system impacts, then show the needs for independent configuration of the uplink and downlink, and finally propose the changes to support asymmetric characteristics.

2. How to determine the maximum number of CID?

The maximum number of CID is determined by capacity of UE and system memory not by indication of SGSN. The higher layer of transmitting RTP packet cannot indicate the maximum number of streams to the RNC because the number of streams is purely determined by the RNC.

As we show in Figure 1, UE informs its header compression capability to RNC using IE PDCP capability in RRC connection setup complete message. Then, RNC itself determines the number of streams of header compression protocol by checking UE’s memory space and RAB attributes.
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Figure 1. End-to-End operation for ROHC configuration

From now on, we will explain how UTRAN determines Max CID.

In case of RFC2507, IE MAX HC context space in IE PDCP capability (Table 1) indicates UE total memory space that can be allocated to RFC2507 for both compressor and decompressor. Then, UTRAN determines the required maximum CID number using the received Max HC context space and IP version (UTRAN gets IP version information from IE PDP Type Information in RAB assignment request message). This would be the IP/UDP/RTP or IP/TCP header, which is 40 octets (20+8+12 or 20+20) for IPv4 and 60 octets (40+8+12 or 40+20) for IPv6.
For example, let’s suppose that Max HC context space is 1024 and IPv4/TCP packet is used. Then, UTRAN determines the Max CID to 25 (1024 octets/40 octets). Since the current header compression is symmetrically configured, UTRAN divides it into 12 per each direction. And then, the determined value per each direction shall be divided into TCP and non-TCP space. However, it is unclear how to divide the Max CID per each direction into TCP and non-TCP space.

And in case of RFC3095, UE indicates the required maximum number of ROHC context session. RFC3095 is used for the IP/UDP/RTP header, which is 40 octets for IPv4 and 60 octets for IPv6. Therefore, the total memory for ROHC can be calculated by multiplying the maximum number of ROHC context session by packet header size. And the determined maximum number of ROHC context session is equally divided into uplink and downlink.

	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


Table 1. IE PDCP capability

3. Relation between the number of CID and transmission efficiency

When many packet streams traverse the link, a phenomenon that could be called CID thrashing could occur, where headers seldom match with an existing context and have to be sent uncompressed or as full headers. This phenomenon occurs frequently when the memory for context space is small. 

The packets arrived at RNC (PDCP layer) in a single packet stream are discriminated to different streams (contexts) depending on the field pattern of each packet. We show an example packet stream where context space is 10 and each packet belongs to a certain context.
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Figure 2. An example of packet stream mapped to context

In Figure 2, there is CID thrashing for a packet belonging to CID 11. The packet causes the context space update occupying the space of CID 1 because there is no spare space for CID 11. Since CID11 is newly generated, this packet should be transmitted as a full header packet. In this case, the packet belonging to CID 11 can be transmitted as an uncompressed packet if the context space update is not permitted. If the packet belonging to CID 11 updates the context, the next packets having CID 1 shall also update the context space because there is no context space for CID 1, and be transmitted as a full header packet. If the packet belonging to CID 11 is transmitted as an uncompressed packet or the context space is larger than 10, the next packets having CID 1 can be transmitted as a compressed header packet saving radio resources.

As the context space is larger, there is less possibility to transmit uncompressed or full header packets. Hence, the larger context space makes the transmission efficient and saves the radio resources. 

4. Asymmetric ROHC configuration
The current ROHC configuration parameters are symmetrically configured, which means that the CID numbers are equally allocated to both uplink and downlink. However, this symmetric configuration is not efficient for asymmetric RAB case, especially for streaming service and MBMS service. 
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Figure 3. End-to-End operation for Asymmetric ROHC configuration

Considering streaming service for downlink, we can guess that the context space for downlink is much more needed than the context space for uplink because the larger context space is more efficient for packet transmission. However, the current Max CID of ROHC configuration parameter is determined using UE capability and the determined value is bisected between uplink and downlink. In spite of streaming service characteristics, if the context spaces for uplink and downlink are equally configured, CID thrashing phenomenon may occur frequently in downlink direction. Frequent transmission of uncompressed or full headers wastes radio resource and degrades transmission efficiency.

We can improve the performance using asymmetric configuration. Asymmetric configuration can be achieved by the bit rate information (i.e. Maximum bit rate and Guaranteed bit rate) of each direction, which is included in the IE RAB parameters. The bit rate has no direct relation with context space. However, as the amount of traffic is larger, the more memory for context space is needed to avoid CID thrashing and to achieve transmission efficiency. It is more efficient to configure the memory of context space for uplink and downlink referring the bit rate of each direction than bisection of context space for uplink and downlink. Therefore, even though the determination of context space is implementation dependent, we should also consider bit rate together to determine the memory for context space per each direction. 

And for the worst case, i.e. downlink only traffic as MBMS, we can also use the RAB Asymmetric Indicator to determine the memory for context space. The RAB Asymmetric Indicator indicates the RAB characteristics and traffic directions, that is, symmetric bi-directional, asymmetric uni-directional uplink, asymmetric uni-directional downlink, and asymmetric bi-directional. In case of asymmetric uni-directional downlink RAB, RNC allocates all UE’s memory to downlink direction. 

5. Conclusion

The current symmetric ROHC configuration is not efficient for asymmetric RAB. The symmetric configuration wastes the radio resources and UE’s memory. Moreover, frequent CID thrashing phenomenon degrades transmission efficiency. 

Therefore, ROHC should be configured asymmetrically to overcome these defects. Though the configuration itself is implementation dependent, it is preferable to take into account the bit rate and RAB characteristic. The attached is proposed changes on 25.331 to support asymmetric ROHC configuration, which was already proposed.

Lastly, we also propose that RFC2507 should be considered whether to configure the related parameters asymmetrically or not because it can also be used for asymmetric RAB
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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>
	
	Profiles supported by the decompressor.
	REL-4

	>>Profile instance
	MP
	
	Integer(1 .. 3)
	Supported profile types. At least four spare values.
	REL-4

	>MRRU
	MD
	
	Integer (0 .. 65535)
	Maximum reconstructed reception unit.

Default value is 0. (no segmentation)
	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

	>>> CHOICE Uplink
	OP
	
	
	Indicates the necessary information elements for Uplink.
	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 the decompressor.


	REL-4

	>>>>>Profile instance
	MP
	
	Integer(1 .. 3)
	Supported profile types. At least four spare values.
	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

	>>> CHOICE Downlink
	OP
	
	
	Indicates the necessary information elements for Downlink.
	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 decompressor.

Default value is 15.
	REL-4

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



mrru







INTEGER (0..65535)




DEFAULT 0


}


}

}

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

}

-------------------------------------------------------------//--------------------------------------------------------------------
RLC-Capability ::=




SEQUENCE {


totalRLC-AM-BufferSize



TotalRLC-AM-BufferSize,


maximumRLC-WindowSize



MaximumRLC-WindowSize,


maximumAM-EntityNumber



MaximumAM-EntityNumberRLC-Cap

}

ROHC-Profile-r4 ::=




INTEGER (1..3)

ROHC-ProfileList-r4 ::=



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











ROHC-Profile-r4
RRC-MessageSequenceNumber ::=

INTEGER (0..15)

RRC-MessageSequenceNumberList ::=
SEQUENCE (SIZE (4..5)) OF











RRC-MessageSequenceNumber

RRC-StateIndicator ::=



ENUMERATED {











cell-DCH, cell-FACH, cell-PCH, ura-PCH }
-------------------------------------------------------------//--------------------------------------------------------------------
-- ***************************************************

--

--     RADIO BEARER INFORMATION ELEMENTS (10.3.4)

--

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

DL-CounterSynchronisationInfo ::=

SEQUENCE {


rB-WithPDCP-InfoList




RB-WithPDCP-InfoList
OPTIONAL

}

DL-LogicalChannelMapping ::=

SEQUENCE {


-- TABULAR: DL-TransportChannelType contains TransportChannelIdentity as well.


dl-TransportChannelType



DL-TransportChannelType,


logicalChannelIdentity



LogicalChannelIdentity



OPTIONAL

}

DL-LogicalChannelMappingList ::=
SEQUENCE (SIZE (1..maxLoCHperRLC)) OF











DL-LogicalChannelMapping

DL-RFC3095-r4 ::=




SEQUENCE {

cid-InclusionInfo




CID-InclusionInfo-r4,


max-CID







INTEGER (1..16383)




DEFAULT 15,


mrru







INTEGER (0..65535)




DEFAULT 0,


reverseDecompressionDepth


INTEGER (0..65535)




DEFAULT 0

}

DL-RLC-Mode
::=





CHOICE {


dl-AM-RLC-Mode





DL-AM-RLC-Mode,


dl-UM-RLC-Mode





NULL,


dl-TM-RLC-Mode





DL-TM-RLC-Mode

}

DL-RLC-StatusInfo ::=



SEQUENCE {


timerStatusProhibit




TimerStatusProhibit




OPTIONAL,


timerEPC






TimerEPC






OPTIONAL,


missingPDU-Indicator




BOOLEAN,


timerStatusPeriodic




TimerStatusPeriodic




OPTIONAL

}

DL-TM-RLC-Mode ::=




SEQUENCE {


segmentationIndication




BOOLEAN

}

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

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 {

ul-RFC3095






UL-RFC3095-r4





OPTIONAL,

dl-RFC3095






DL-RFC3095-r4





OPTIONAL






}

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

}

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

UL-LogicalChannelMappingList ::=
SEQUENCE {


-- rlc-LogicalChannelMappingIndicator shall be set to TRUE in this version


-- of the specification


rlc-LogicalChannelMappingIndicator
BOOLEAN,


ul-LogicalChannelMapping


SEQUENCE (SIZE (maxLoCHperRLC)) OF











UL-LogicalChannelMapping

}

UL-LogicalChannelMappings ::=

CHOICE {


oneLogicalChannel




UL-LogicalChannelMapping,


twoLogicalChannels




UL-LogicalChannelMappingList

}

UL-RFC3095-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

}

UL-RLC-Mode ::=





CHOICE {


ul-AM-RLC-Mode





UL-AM-RLC-Mode,


ul-UM-RLC-Mode





UL-UM-RLC-Mode,


ul-TM-RLC-Mode





UL-TM-RLC-Mode,


spare







NULL

}

UL-TM-RLC-Mode ::=




SEQUENCE {


transmissionRLC-Discard



TransmissionRLC-Discard



OPTIONAL,


segmentationIndication



BOOLEAN

}
--------------------------------------------------------------------//---------------------------------------------------------------
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