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1. Introduction

At the meeting #28 in Kobe, it was presented that the current RLC operations are not suitable for the real time IP services especially when using ROHC [1]. The current spec. has a restriction that one RB is associated with only one RLC entity, which makes a RB uni-directional if UM or TM RLC is used. Since no feedback channel is available, we can’t achieve the best ROHC performance. Therefore, also in [1], four possible RLC operations were proposed, and after some discussions it seems that the third configuration (one RAB is mapped to one RB, one PDCP entity, and two RLC entities) is suitable for ROHC operation. 

However, we found that this configuration is not only required for ROHC but also for other purposes. Here we first show the need for a bi-directional radio bearer composed of UM or TM RLC, and then propose the changes needed to support this characteristic. 

2. RB mapped to two UM or TM RLC entities

Based on RAB attributes, RABs are categorized as following four types [2]

· Symmetric Bi-directional
· Asymmetric Uni-directional Downlink
· Asymmetric Uni-directional Uplink
· Asymmetric Bi-directional
As mentioned earlier, ROHC is suitable for bi-directional RAB (one RAB is mapped to one RB, one PDCP entity, and two RLC entities). However, according to the service characteristics, bi-directional RAB is symmetric or asymmetric (symmetric bi-directional RAB for conversational services and asymmetric bi-directional for streaming services).
Taking into consideration that one RAB is mapped to one RB, if a RAB is bi-directional, the corresponding RB also has to be bi-directional. Since there are no restrictions on RLC mode, a bi-directional RB can be composed of UM or TM RLC entities. A good example is a voice call. Voice call is a symmetric bi-directional RAB, and it usually uses TM RLC. Therefore, one RB is mapped to two TM RLC entities, one for DL and the other for UL. It means that not only for PS domain but CS domain also needs to have such a configuration. In this case, the configuration of DL and UL are same.

However, for asymmetric bi-directional RAB, real-time streaming service is a good example. Usually streaming service is used for DL and just small feedback information is transferred to UL. Thus, for asymmetric bi-directional RB, it is needed to configure the UL and DL differently. However, in PS domain, current RRC spec configures the PDCP entity for DL and UL symmetrically. It means that even though when there is no data for UL, RRC always configures the PDCP entity for UL (i.e. compressor of HC protocol) and it commands the PDCP entity to allocate the buffer size exhaustingly.

Main changes proposed are two things. Firstly, one RB, which is mapped to one bi-directional RAB, must be able to be mapped to two UM or TM RLC entities for bi-directional communication. And secondly, the bi-directional RB can configure the PDCP entity for DL and UL differently considering asymmetric characteristics.

3. Conclusions

We have shown that two UM or TM RLC entities are needed to support bi-directional radio bearer. Moreover, to manage the buffer efficiently, asymmetric configuration in PDCP is needed.   

Therefore, We propose to adopt the draft CRs attached in this document.

4. References

[1] R2-020726 RLC operation for real time IP services (LG Electronics Inc.)

[2] TS 25.413 (UTRAN Iu interface RANAP signalling) section 9.2.1.3
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5.3.2
RLC Services and Functions

This subclause provides an overview on services and functions provided by the RLC sublayer. A detailed description of the RLC protocol is given in [8].

5.3.2.1
Services provided to the upper layer

-
Transparent data transfer. This service transmits upper layer PDUs without adding any protocol information, possibly including segmentation/reassembly functionality.

-
Unacknowledged data transfer. This service transmits upper layer PDUs without guaranteeing delivery to the peer entity. The unacknowledged data transfer mode has the following characteristics:

-
Detection of erroneous data: The RLC sublayer shall deliver only those SDUs to the receiving upper layer that are free of transmission errors by using the sequence-number check function.
-
Immediate delivery: The receiving RLC sublayer entity shall deliver a SDU to the upper layer receiving entity as soon as it arrives at the receiver.

-
Acknowledged data transfer. This service transmits upper layer PDUs and guarantees delivery to the peer entity. In case RLC is unable to deliver the data correctly, the user of RLC at the transmitting side is notified. For this service, both in-sequence and out-of-sequence delivery are supported. In many cases a upper layer protocol can restore the order of its PDUs. As long as the out-of-sequence properties of the lower layer are known and controlled (i.e. the upper layer protocol will not immediately request retransmission of a missing PDU) allowing out-of-sequence delivery can save memory space in the receiving RLC. The acknowledged data transfer mode has the following characteristics:

-
Error-free delivery: Error-free delivery is ensured by means of retransmission. The receiving RLC entity delivers only error-free SDUs to the upper layer.

-
Unique delivery: The RLC sublayer shall deliver each SDU only once to the receiving upper layer using duplication detection function.

-
In-sequence delivery: RLC sublayer shall provide support for in-order delivery of SDUs, i.e., RLC sublayer should deliver SDUs to the receiving upper layer entity in the same order as the transmitting upper layer entity submits them to the RLC sublayer.

-
Out-of-sequence delivery: Alternatively to in-sequence delivery, it shall also be possible to allow that the receiving RLC entity delivers SDUs to upper layer in different order than submitted to RLC sublayer at the transmitting side.

-
Maintenance of QoS as defined by upper layers. The retransmission protocol shall be configurable by layer 3 to provide different levels of QoS. This can be controlled.

-
Notification of unrecoverable errors. RLC notifies the upper layer of errors that cannot be resolved by RLC itself by normal exception handling procedures, e.g. by adjusting the maximum number of retransmissions according to delay requirements.

There is one or two RLC connections per Radio Bearer. For bi-directional RB, one AM RLC connection or two UM or TM RLC connections exist. For uni-directional RB, one UM or TM RLC connection exists.
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4.2
Overview on sublayer architecture

Figure 1 shows the model of the PDCP within the radio interface protocol architecture. The radio interface protocol architecture is defined in [3]. The PDCP sublayer is defined for the PS domain only.
Every PS domain RAB is associated with one RB, which in turn is associated with one PDCP entity. Each PDCP entity is associated with one or two RLC entities depending on the RB characteristic and RLC mode. The PDCP entities are located in the PDCP sublayer.
Every PDCP entity uses zero, one or several different header compression protocol types. Several PDCP entities may be defined for a UE with each using the same or different protocol type. In this version of the specification, only two header compression protocol types, RFC 2507 [6] and RFC 3095 [8], are supported.

The PDCP sublayer is configured by upper layer [2] through the PDCP-C-SAP.
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Figure 1: PDCP structure

Figure 1 represents one possible structure for the PDCP sublayer and should not restrict implementation.
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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 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

	>>>>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.
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