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1
Introduction

Stage 3 completion date for E-UTRA is set at September, 2007 [1], and the Stage 2 E-UTRA TS [2] has been placed under change control. It is now time to start Stage 3 specification work for E-UTRA, and this document intends to kick off the Stage 3 specification work for the E-UTRA RLC specification by summarizing what are thought to be straightforward issues following past discussions in RAN WG2 and what are thought to be still open issues. The proposed first version of the RLC specification is also attached.
2
Discussion
2.1 Text in E-UTRA Stage 2 TS [2] related to RLC
In [2], the following texts related to RLC are captured:

---Text from [2] related to RLC---

6.2
RLC Sublayer

This subclause provides an overview on services, functions and PDU structure provided by the RLC sublayer. Note that:

-
The reliability of RLC is configurable: some radio bearers may tolerate rare losses (e.g. TCP traffic);

-
Radio Bearers are not characterized by a fixed sized data unit (e.g. a fixed sized RLC PDU).

6.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM or UM;

-
TM data transfer;

-
Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);

-
Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;

-
Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the new TB used for retransmission then the RLC PDU is re-segmented;

-
The number of re-segmentation is not limited;

-
Concatenation of SDUs for the same radio bearer;

-
In-sequence delivery of upper layer PDUs except at HO in the uplink;

-
Duplicate Detection;

-
Protocol error detection and recovery;

-
Flow Control between eNB and UE (FFS);

-
SDU discard;

-
Reset.

6.2.2
PDU Structure

Figure 6.2.2 below depicts the RLC PDU structure where:

-
The PDU sequence number carried by the RLC header is independent of the SDU sequence number (i.e. PDCP sequence number);

-
A red dotted line indicates the occurrence of segmentation;

-
Because segmentation only occurs when needed and concatenation is done in sequence, the content of an RLC PDU can generally be described by the following relations: 

-
{0; 1} last segment of SDUi + [0; n] complete SDUs + {0; 1} first segment of SDUi+n+1 ; or

-
1 segment of SDUi .
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Figure 6.2.2: RLC PDU Structure

---Next text from [2] related to RLC---

9.2
ARQ principles

The ARQ within the RLC sublayer has the following characteristics:

-
ARQ retransmits RLC PDUs or RLC PDU segments;

-
ARQ retransmissions are based on:

-
RLC status reports;

-
HARQ/ARQ interactions (see subclause 9.3).

-
Polling for RLC status report is used when needed by RLC;

-
Status reports can be triggered by upper layers;

-
Means to discard a SDU not yet transmitted or under transmission should be supported;

-
Means to reset and/or re-establish RLC should be supported.

9.3
HARQ/ARQ interactions

In HARQ assisted ARQ operation, ARQ uses knowledge obtained from the HARQ about the transmission/reception status of a TB e.g.:

-
If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit is reached the relevant transmitting ARQ entities are notified and potential retransmissions and re-segmentation can be initiated;

-
If the HARQ receiver is able to detect a NACK to ACK error it is FFS if the relevant transmitting ARQ entities are notified via explicit signalling;

-
If the HARQ receiver is able to detect TB transmission failure it is FFS if the receiving ARQ entities are notified.
---End of text from [2] related to RLC---

2.2 Observation on the text in [2] related to RLC

2.2.1 Data transfer

As can be seen from section 2.1, one of the functions of E-UTRA RLC is data transfer. It is understood that it was explicitly agreed during RAN2 discussions that there is no multiplexing/de-multiplexing of radio bearers at RLC.

2.2.1.1 Data transfer modes

It has been identified that RLC data transfer with Acknowledged Mode (AM), Unacknowledged Mode (UM) and Transparent Mode (TM) should be supported to transfer upper layer PDUs.

It is understood that the following was explicitly agreed during past RAN2 discussions:
· TM RLC entity support for UL CCCH traffic

It is understood that the following are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions):

· AM RLC entity support for DL/UL DCCH traffic and DL/UL DTCH traffic
· UM RLC entity support for DL/UL DCCH traffic, DL/UL DTCH traffic, MCCH traffic and MTCH traffic
It is understood that the following needs to be discussed:

· Support of BCCH traffic by TM RLC entity or UM RLC entity

· Support of PCCH traffic by TM RLC entity or UM RLC entity

· Support of DL CCCH traffic by UM RLC entity (this will be necessary if DL CCCH exists)
It is understood that the following support has not been completely ruled out yet:

· TM RLC entity support for DL/UL DTCH traffic

Are there any other issues?

2.2.1.2 RLC data PDU generation

Transmitting RLC entity needs to generate RLC data PDUs from RLC SDUs for data transfer upper layer PDUs.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· AM/UM/TM RLC entities support variable RLC SDU sizes

· However, RLC SDU sizes must be byte aligned

· RLC PDUs are processed from RLC SDUs and delivered to MAC by AM/UM/TM RLC entities only when notified of a transmission opportunity by MAC
· Transmitting TM RLC entity does not support segmentation nor concatenation of RLC SDUs

· Transmitting AM/UM RLC entities support segmentation and concatenation of RLC SDUs in accordance to the TB size selected by MAC at the particular transmission opportunity notified by MAC

· Transmitting AM RLC entity supports resegmentation of RLC data PDUs that need to be retransmitted if a retransmitted RLC data PDU does not fit entirely into the new TB size selected by MAC at the particular transmission opportunity notified by MAC

· The number of resegmentation is not limited

· Transmitting TM RLC entity does not attach any headers to the RLC data PDU

· Transmitting UM RLC entity needs to attach a header to each RLC data PDU it generates

· RLC SN needs to be included in the header of each RLC data PDU

· This RLC SN is independent of the PDCP SN

· The last byte of a RLC SDU, when it exists in a RLC data PDU, needs to be indicated in the header

· At least the Rel-6 UMTS like Length Indicator approach (where the position of the last byte of a RLC SDU within the RLC data PDU is explicitly indicated) is needed to indicate the last byte of a RLC SDU which does not map to the last byte of the RLC data PDU

· Transmitting AM RLC entity needs to attach a header to each RLC data PDU or RLC data PDU segment it generates

· RLC SN needs to be included in the header for both RLC data PDU and RLC data PDU segment
· This RLC SN is the RLC SN of the (original) RLC data PDU

· Indication of whether it is a RLC data PDU or a RLC data PDU segment needs to be included in the header for both RLC data PDU and RLC data PDU segment

· This has been identified in [3] as Type_info/Re-segmentation flag/Type Field

· The last byte of a RLC SDU, when it exists in a RLC data PDU, needs to be indicated in the header

· At least the Rel-6 UMTS like Length Indicator approach (where the position of the last byte of a RLC SDU within the RLC data PDU is explicitly indicated) is needed to indicate the last byte of a RLC SDU which does not map to the last byte of the RLC data PDU

· Position of the RLC data PDU segment within the original RLC data PDU needs to be indicated in the header for RLC data PDU segment
· Indication of the last RLC data PDU segment within the original RLC data PDU is needed in the header for RLC data PDU segment
· This has been identified in [3] as Remaining_Info/Last Segment Flag
· Transmitting UM/TM RLC entities only generate one RLC data PDU for a given transmission opportunity notified by MAC (at least when MIMO operation is not considered)

· Transmitting AM RLC entity can generate one or multiple RLC data PDUs for a given transmission opportunity notified by MAC (regardless of the MIMO operation)
· When multiple RLC data PDUs are generated for a given transmission opportunity, it implies that there is at least one (or a segment of one) RLC data PDU which is retransmitted

It is understood that the following are open:

· Whether RLC data PDUs generated by Transmitting AM/UM RLC entities need to be byte aligned

· If so, whether RLC data PDU header and RLC data PDU payload both need to be byte aligned

· RLC data PDU generation for Transmitting AM/UM/TM RLC entities in relation to MIMO operation
· It is expected that Transmitting TM RLC entity only generates one RLC data PDU at a transmission opportunity notified by MAC
· It is expected that Transmitting AM/UM RLC entities generate one or two RLC data PDU(s) at a transmission opportunity notified by MAC depending on the number or MIMO code words that are to be processed at the particular transmission opportunity

· Granularity of RLC data PDU sizes generated by Transmitting AM/UM/TM RLC entities

· E.g. do we support RLC data PDU granularity of one byte or do we align RLC data PDU sizes to the TB size set (which is assumed to be limited)

· Maximum RLC data PDU size that can be generated by Transmitting AM/UM/TM RLC entities

· Support of a special indication for the last byte of a RLC SDU which maps to the last byte of the RLC data PDU in the headers attached by Transmitting AM/UM RLC entities
· This has been identified in [3] as the Align_Info

· Support of a special indication for the first byte of a RLC SDU which maps to the first byte of the RLC data PDU in the headers attached by Transmitting AM/UM RLC entities
· This has been identified in [3] as the Align_Info

· Whether Transmitting AM RLC entity handles the original RLC data PDU including the header as data to be included in the payload of the RLC data PDU segment or not

· If not, the alternative is to remove the header of the original RLC data PDU and to indicate the last byte of a RLC SDU in the header of the RLC data PDU segment
· How the position of the RLC data PDU segment within the original RLC data PDU is indicated in the resegmentation header by Transmitting AM RLC entity
· The use of SubSequenceInfo/Sub RLC SN/SubPDU_SN or Segment Offset has been identified in [3]

· Support of transmit window operation and its details
· It is expected that Transmitting UM/TM RLC entities do not need to support transmit window operation

· It is expected that Transmitting AM RLC entity needs to support transmit window operation as in Rel-6 UMTS in order to avoid RLC SN ambiguity at Receiving AM RLC entity
It is understood that the following has not been completely ruled out yet:
· Re-use of PDCP SN as the RLC SN
2.2.1.3 RLC data PDU reassembly

Receiving RLC entity needs to reassemble RLC data PDUs from RLC data PDU segments.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· Receiving UM/TM RLC entities do not need to perform RLC data PDU reassembly

· Receiving AM RLC entity needs to perform RLC data PDU reassembly based on RLC SN, position of the RLC data PDU segment within the original RLC data PDU and indication of the last RLC data PDU segment within the original RLC data PDU, which are all included in the RLC data PDU segment header
2.2.1.4 RLC data PDU duplication detection

Receiving RLC entity needs to discard duplicate RLC data PDUs received due to ARQ.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· Receiving TM RLC entity does not need to perform reordering of RLC data PDUs

· Receiving AM RLC entity needs to perform duplication detection of duplicate RLC data PDUs received due to ARQ based on RLC SN included in the RLC data PDU header

It is understood that the following is open:

· Whether or not Receiving UM RLC entity needs to perform duplication detection

· Depends on the BCCH transmission scheme?

2.2.1.5 RLC data PDU reordering
Receiving RLC entity needs to reorder RLC data PDUs received out of order either due to HARQ or ARQ.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· Receiving TM RLC entity does not need to perform reordering of RLC data PDUs

· Receiving AM/UM RLC entities need to perform reordering of RLC data PDUs received out of order based on RLC SN included in the RLC data PDU header
· Receiving UM RLC entity needs to be able to detect the loss of a RLC data PDU at lower layers in order to avoid excessive reordering delays

· Receiving AM RLC entity needs to employ a reordering window

It is understood that the following are open:

· The method in which Receiving UM RLC entity detects the loss of a RLC data PDU at lower layers

· The use of a reordering timer has been proposed in several documents

· The details of the Receiving AM RLC entity reordering window operation

2.2.1.6 RLC SDU reassembly

Receiving RLC entity needs to reassemble RLC SDUs from RLC data PDUs.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· Receiving TM RLC entity does not need to perform RLC SDU reassembly

· Receiving AM/UM RLC entities need to perform RLC SDU reassembly based on RLC SN and indication of the last byte of a RLC SDU which are included in the RLC data PDU header
2.2.2 ARQ

As can be seen from section 2.2, one of the functions of E-UTRA AM RLC is ARQ.

2.2.2.1 ARQ retransmissions

Transmitting AM RLC entity needs to retransmit RLC data PDUs when it detects a loss of the RLC data PDU at lower layers.

It is understood that the following were either explicitly agreed during past RAN2 discussions:

· Triggers for retransmission

· Reception of a STATUS report from its peer Receiving RLC entity indicating a negative acknowledgement of a RLC data PDU or a RLC data PDU segment
· Notification of HARQ delivery failure from the Transmitting MAC entity

2.2.2.2 Polling
Transmitting AM RLC entity may poll its peer Receiving AM RLC entity in order to trigger a STATUS report.

It is understood that the following are open:

· Triggers to initiate polling
· Whether or not polling triggers should be specified only for UE or also for eNB?

· How polling is indicated

· There has been proposals to either include a poll bit in the RLC data PDU or to use a control PDU designated for polling
· The need for poll prohibit timer

2.2.2.3 STATUS reporting

Receiving AM RLC entity may send STATUS reports to its peer Transmitting AM RLC entity in order provide positive and/or negative acknowledgements of RLC data PDUs and/or RLC data PDU segments.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· STATUS reports can indicate a negative acknowledgement of a RLC PDU segment

· Triggers to initiate STATUS reporting

· Indication from upper layers

· Polling from peer Transmitting AM RLC entity

It is understood that the following are open:

· Other triggers to initiate STATUS reporting
· E.g. detection of RLC data PDU loss, timer base STATUS reporting, etc. (this has some relation to HARQ/ARQ interactions on the receiving side)

· In case detection of RLC data PDU loss is needed as a trigger, the mechanism to detect RLC PDU loss at the Receiving AM RLC entity (the use of reordering timer has been proposed in several documents)
· Whether or not STATUS reporting triggers should be specified only for UE or also for eNB?

· Detailed STATUS report formats

· The need for STATUS prohibit timer

2.3 SDU discard
As can be seen from section 2.2, one of the functions of E-UTRA RLC is SDU discard.

It is understood that the following is obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions) :

· SDU discard is applicable to Transmitting UM RLC entity

It is understood that the following are open:

· Applicability to AM/TM RLC entities

· Triggers for SDU discard

· It is expected that timer based SDU discard will be one of the triggers

· Should this apply to only those SDUs that have not been processed for transmission?

· The need of SDU discard due to delivery failure after maximum ARQ retransmissions should be addressed

· The need to signal the occurrence of a SDU discard to the peer Receiving RLC entity

2.4 Reset
As can be seen from section 2.2, one of the functions of E-UTRA RLC is reset.

It is understood that the following were either explicitly agreed during past RAN2 discussions or are obviously necessary (although they were not explicitly agreed as such during past RAN2 discussions):

· AM/UM/TM RLC entity performs reset during inter-eNB handover (when indicated by the upper layers)
· All state variables (including RLC SN) are reset when reset is initiated
It is understood that the following are open:

· The need for an explicit reset procedure for AM RLC entity as in Rel-6 UMTS with the use of RESET PDUs and RESET ACK PDUs
· Other actions when reset is initiated (including handling of timers, interaction with PDCP, etc.)
2.5 Protocol error detection and recovery
As can be seen from section 2.2, one of the functions of E-UTRA RLC is protocol error detection and recovery.

It is understood that the following everything is open.

3
Conclusion

This document tried to summarize what are thought to be straightforward issues following past discussions in RAN WG2 and what are thought to be still open issues regarding E-UTRA RLC. The proposed first version of the RLC specification is also attached.
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