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Introduction

On the last RAN2 meetings the modelling of Radio Bearers and whether they are uni-directional and bi-directional have been discussed. This paper summarises the modelling possibilities and proposes changes to Rel-99 of TS 25.301.

Modelling possibilities

In the current RRC specification the following RB configurations are possible to be signalled:

· There is one optional PDCP entity per RB. TS 25.323 mandates PDCP for PS domain RBs, for CS domain RBs PDCP is not present.

· Whether a PDCP entity with configured header compression is supposed to contain compressor and decompressor or just either compressor or decompressor is not signalled. 

· If the PDCP entity contains both compressor and decompressor they are configured symmetrically.

· There is one optional RLC entity per direction (UL / DL) per RB.

· Each RLC entity has one of the three modes AM, UM, TM

· For each RB there can be one or two (depending on RLC configuration) LogChs per direction (UL/DL). 

The stage 2 description (TS 25.301) currently reduces the options above with the following statement: 

· “There is a single RLC connection per Radio Bearer.”

PDCP specification for Rel-4 and Rel-5 restrict the options similarly:

· “Each PDCP entity is associated with one RLC entity”.

The Radio Bearer configuration scenarios resulting from the RRC configuration possibilities are discussed in the following: 

RB Configurations currently allowed
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In the figures dotted lines are alternatives (UL or DL), broken lines are optional logical channels.
‘State of the Art’ scenarios 

Scenarios 1, 2 and 3 are the allowed and obvious configurations and are not further discussed in this document.

Uni-directional RB using RLC-AM

Figure 4 shows a theoretically allowed scenario that can currently not be configured. The only way for RRC to decide whether the connection from PDCP to RLC is uni- or bi-directional is to look at the RLC configuration: If RLC is configured bi-directional (e.g. in AM), the connection is bi-directional, otherwise it is uni-directional.

Thus, PDCP will always be configured for bi-directional use (configure compressor and decompressor and usage of feedback) when RLC is configured in AM.

As header compression protocols generally gain from feedback mechanisms, this is no drawback for transmission efficiency.

However, this scenario could lead in a waste of UE memory resources, as always compressor and decompressor will be setup by PDCP using header compression, even if the RB is uni-directional.  As this scenario is very unlikely to ever happen (because RLC-AM is mostly used in combination with TCP/IP, which requires bi-directional RBs), the drawback can be neglected.

It is therefore proposed not to change any specifications to introduce configuration secanrio 4.

RB Configurations currently not allowed 

Bi-directional RLC configurations (UM / UM or TM / TM)
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In the PS domain every RAB is associated to one RB. When a particular PS domain RAB is signalled to be bi-directional in the RAB Assignmet message from CN to RNC, and the QoS mandates the usage of UM or TM RLC, RNC can with the current restrictions not setup an appropriate RB.

Furthermore, header compression protocols (RFC 2507 or RFC 3095) generally gain in terms of robustness and efficiency from transmission of header compression feedback information from the decompressor to the compressor, so the transmission would benefit from bi-directional RLC configurations for UM and TM.
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For asymmetric RLC configurations (UM for UL and TM for DL or vice versa, shown in scenarios 7 and 8) for the time beeing no use case is seen. However, to allow these scenarios does not put any burden on implementations and does not have to be prevented explicitly.

It is therefore proposed to allow the scenarios 5 – 8 by re-defining the related statement in TS 25.301 and TS 25.323. 

Proposals

It has been shown that the RB configurations 5 – 8 are currently not allowed according to the definition in the stage 2, but they are supported by RRC signalling. In order to benefit from these RB configurations it is proposed to re-word TS 25.301 to allow scenarios 5 – 8. The following CR to TS 25.301 is taken from [1].

For Rel-4 and Rel-5 similar changes are proposed, that are submitted in a separate CR.
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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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