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1. Introduction

The current TSG RAN TS 25.322 RLC protocol specification defines for the transparent RLC such functions as segmentation and buffering. The use of the buffering on RLC layer is mainly an implementation issue, but segmentation has been defined that segmentation shall be performed according to a predefined pattern. This pattern defines that all RLC PDUs carrying one RLC SDU shall be sent in one transmission time interval and only one RLC SDU can be segmented in one transmission time interval.

This definition is useful when the size of the SDU is fixed and the transmission interval on both Iu –interface and UTRAN is defined to be equal.

2. Discussion 

The current Transparent RLC is defined basically for such CS services, where SDU size is either equal to the size of TB or it shall always be modulo 0 of the TB. Therefore also on the Iu –interface the used mode is normally the Support mode for predefined SDU size (SMpSDU), which allows to use the Rate Control procedure to change the size of the SDU within valid RAB sub Flow Combination (RFC) [4]. This kind of CS service, which uses the services of the transparent RLC in this form is e.g. AMR codec speech.

However the current [3] CS Data Bearer Services document defines also such CS data services, where

· payload consists of user data bits only (i.e. no header has been added into the data stream)

· use on the Iu –interface only transparent mode (i.e. no control frames have been defined for Iu User Plane mode and therefore no Rate Control can be performed during the data transmission) 

· payload (SDU) size is fixed  (i.e. there is an association between the SDU size and the bit rate on the Iu –interface)

· always use 10 ms transmission interval on the Iu –interface.

· are defined to support Conversational traffic class in UTRAN
· always use the services of the transparent RLC in UTRAN 

The listed characteristics above justified the use of the transparent RLC in UTRAN, however they are not in line with TS 25.322 RLC Protocol Specification [1] and TR 25.926 UE capability [2]. The current RLC protocol specification doesn't restrict the use of any TTIs (defined in TS 25.302) during the data transmission from transparent RLC entity to the peer entity layer through UTRAN.  

The contradiction between the UE capability document [3] and the CS Data Bearer Services document [3] is the used TTI for Conversational traffic class. The UE capability document presents the example reference RB, in where already now another than 10 ms TTI has been proposed to be used for Conversational traffic class. Based on this the main problem seems to be how to map the data received from the Iu –interface (every 10 ms) to the valid TTI in UTRAN, when these transmission time intervals differ. 

This contradiction between  [1], [2] and [3] needs to be corrected already in 99 release and this paper introduces a few of them. 

· The [3] could allow also the use of the unacknowledged mode as an alternative for the transparent mode. This mode could be defined upon setting up of the corresponding RB. 

If unacknowledged RLC mode is supported for transparent CS data, this means that each RLC PDU contains additional overhead in the form of the RLC header and this can be considered as a waste of radio resources. 

· The CN WG2 could also define in [3] the other transmission intervals than only 10 ms. This alternative means that RAN WG3 must change their Iu User Plane protocol specification [4] so that it is possible to negotiate the valid transmission interval for the Iu –interface (note currently only 10 ms is allowed to be used for transparent services), and CN WG2 must change their document so that also other transmission time intervals are supported. 

· Another way to solve this contradiction between the documents is to modify the description of the transparent RLC mode. This can be made by updating the definition of the segmentation by adding two states: an active state and an inactive state. To support an active segmentation state on the transparent RLC layer means that segmentation is performed each time when the received SDU doesn't fit into one RLC PDU i.e. this state is already defined in [1] and basically no updating to describe this state is required. Whereas to support an inactive segmentation state on transparent RLC layer a few modifications are required to be done.

The basic idea of the inactive segmentation state is to deny the use of segmentation on the transparent RLC entity. When this state is selected, the RLC PDU consists of one upper layer SDU and upon this mode it is also possible to send more than only one RLC PDU upon one TTI. The number of the RLC PDUs (i.e. upper layer SDUs) for each TTI is defined by the TF along with the size of the RLC PDU. 

The valid mode is assigned by the RRC and to the peer RLC entity this information will be given inside the RLC info, in where an additional one bit field needs to be added.

. 

The main advantages of this method are

· Upon transparent mode more than one SDU is allowed to be sent within one TTI. The number of SDUs will be given in TF defined for the TTI.

· The mapping between the transmission time intervals supported by Iu –interface and UTRAN can be supported with the aid of buffering on the transparent RLC layer.

· The valid TTI for UTRAN can be defined based on information from the Radio interface not based on the supported transmission time interval on the Iu –interface.

· This method allows the use of other TTIs in UTRAN than 10 ms.

· It is possible to use dynamic TTI upon TDD mode.

· CS data, which uses transparent data services on the Iu –interface, can be sent through UTRAN without adding any overhead on the RLC layer i.e. the air interface is used more efficiently.

· This method adds flexibility to the use of transparent RLC mode

The disadvantages of this method are 

· The valid state for the segmentation can not be changed upon the existence of the RB.

· The updating into the RLC specification is required 

· The updating into the RRC specification is required 

· The size of the RLC Info increases by one bit

By denying the segmentation on transparent RLC it is possible to support transmission time interval mapping each time when used data rates on the Iu and in UTRAN differ. 

3. Proposal

The proposal is to modify the description of the transparent RLC in TS 25.322 so that segmentation can be defined to be either in active state or inactive state. This modification corrects the current contradiction between [1], [2] and [3]. 

The required changes to the TS 25.322 have been presented in CR 042  (below).

The changes to the TS 25.331 have been presented in Tdoc R2-000866 (CR 341).
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4.2.1.1
Transparent mode entities

Figure 4.2 below shows the model of two transparent mode peer entities.
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Figure 4.2: Model of two transparent mode peer entities

The transmitting Tr-entity receives SDUs from the higher layers through the Tr-SAP. RLC might segment the SDUs into appropriate RLC PDUs without adding any overhead. The state of the segmentation and how to perform the segmentation is decided upon when the service is established. RLC delivers the RLC PDUs to MAC through either a BCCH, DCCH, PCCH, SHCCH or a DTCH. The CCCH also uses transparent mode, but only for the uplink. Which type of logical channel depends on if the higher layer is located in the control plane (BCCH, DCCH, PCCH, CCCH, SHCCH) or user plane (DTCH).

The Tr-entity receives PDUs through one of the logical channels from the MAC sublayer. RLC reassembles (if segmentation has been performed) the PDUs into RLC SDUs. How to perform the reassembling is decided upon when the service is established. RLC delivers the RLC SDUs to the higher layer through the Tr-SAP.

9.2
Formats and parameters

9.2.2.9
Data

RLC SDUs in transparent, unacknowledged and acknowledged mode are mapped to this field.

Transparent mode data:

The length of SDUs is not constrained to a multiple of 8 bits.

The RLC SDU might be segmented based on the valid state for the segmentation. If segmentation is allowed, this shall be done according to a predefined pattern. If segmentation is not supported, one RLC PDU contains exactly one RLC SDU.

Unacknowledged mode data and Acknowledged mode data:

The length of  SDUs is constrained to a multiple of 8 bits.

RLC SDUs might be segmented. If possible, the last segment of a SDU shall be concatenated with the first segment of the next SDU in order to fill the data field completely and avoid unnecessary padding. The length indicator field is used to point the borders between SDUs.

11
Elementary procedures

11.1
Transparent mode data transfer procedure

11.1.1
Purpose

The transparent mode data transfer procedure is used for transferring of data between two RLC peer entities, which are operating in transparent mode. Figure 11.1 below illustrates the elementary procedure for transparent mode data transfer. The sender can be either the UE or the network and the receiver is either the network or the UE.
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Figure 11.1: Transparent mode data transfer procedure

11.1.2
Initiation

The sender initiates this procedure upon a request of transparent mode data transfer from higher layer. When the sender is in data transfer ready state it shall put the data received from the higher layer into TrD PDUs. Depending on the valid state of the segmentation the RLC shall perform segmentation or not.
When the segmentation is supported by Tr RLC, the received SDU shall be segmented (if needed) based on the valid TF. From RLC this segmented SDU (i.e. RLC PDUs) is always transmitted within one transmission time interval by maintaining the order of the segmentation. 
When the segmentation is not supported by Tr RLC, the segmentation shall not be performed to any received upper layer SDUs, however the order of the RLC SDUs shall be maintained so that the received RLC SDUs are forwarded to the MAC layer in the same order as they were received in the RLC entity. 
When segmentation is not supported, it is allowed to send more than one RLC SDU within one transmission time interval. The number of RLC PDUs and the size of the RLC PDU are defined by the Transport Format defined for TTI. 
Channels that can be used are DTCH, CCCH (uplink only), BCCH, PCCH, SHCCH and SCCH (downlink only). The type of logical channel depends on if the RLC entity is located in the user plane (DTCH) or in the control plane (CCCH/BCCH/SHCCH/PCCH, SCCH). One or several PDUs may be transmitted in each transmission time interval (TTI) and MAC decides how many PDUs shall be transmitted in each TTI.

11.1.2.1
TrD PDU contents to set

If the valid segmentation state is an Active State,the TrD PDU includes a complete SDU or a segment of an SDU. How to perform the segmentation is decided upon when the service is established. No overhead or header is added.
If the valid segmentation state is an Inactive State, the TrD PDU includes one complete SDU. No overhead or header is added.
11.1.2.2 Segmentation  

For segmentation on Tr RLC two separate states have been defined - an Active State and an Inactive State. The valid state is defined by the RRC when the service is established and it shall not be changed without releasing the corresponding RB.  To the peer Tr RLC entity the valid segmentation state shall be informed in L3 messages.
Upon the Active State the segmentation is performed according to a predefined pattern. The allowed size for RLC SDUs and segments shall be known. All the RLC PDUs carrying one RLC SDU shall be sent in one transmission time interval. Only one RLC SDU is segmented in one transmission time interval.
When the valid state is an Inactive state, no segmentation is allowed to be done by Tr RLC entity.
11.1.3
Reception of TrD PDU

Upon reception of a TrD PDU in Active segmentation state, the receiving entity reassembles the PDUs into RLC SDUs. RLC delivers the RLC SDUs to the higher layer through the Tr-SAP.
Upon reception of a TrD PDU in Inactive segmentation state, one RLC PDU contains exactly one complete RLC SDU. RLC delivers the RLC SDUs to the higher layer through the Tr-SAP.
11.1.4
Abnormal cases

11.1.4.1
Undefined SDU size at receiver

If the TrD PDUs are reassembled to a SDU which have a size that is not allowed the SDU shall be discarded.
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