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1
Introduction

The latest presented version of the Stage 3 E-UTRA RLC specification [1] has been endorsed by RAN2 and presented to RAN plenary for information. This document lists the open issues for Stage 3 E-UTRA RLC specification work. It is noted that this document is presented as an update of [2], with the discussions up to and during the RAN2#59 meeting being reflected.
Furthermore, it should be noted that some of the issues listed in section 2 of this document were discussed over a telephone conference held on September 19th, and some semi-official decisions have been made which can be referred in the telephone conference minutes [3].
NOTE: The contents of this document have not changed from the document that was distributed to the RAN WG2 email reflector on September 19th prior to the telephone conference (“Stage 3 E-UTRA RLC open issues v3.zip”). However, some editorial corrections have been made. The changes can be seen by setting the revision marks “on”.
2
Open issues
2.1 RLC PDU based RLC SN or reuse of PDCP SN?
This topic is closed. It was decided to adopt RLC PDU based RLC SN (as opposed reusing PDCP SN at RLC) during RAN2#59 as a baseline. However, the possibility to optimize for specific cases is still open. The issue regarding optimizations is now captured in section 2.6.10.
2.2 Further HARQ-ARQ interactions

This topic is closed. It was decided not to adopt NACK2 (notification of NACK->ACK error from receiving MAC entity to transmitting MAC/RLC entity) during RAN2#58bis.

2.3 Byte aligned headers
This topic has partly progressed during RAN2#58bis. Specifically, it was decided to byte align RLC headers individually of MAC/PDCP headers.
This topic has further progressed during RAN2#59. Specifically, it was decided to byte align the fixed header part irrespective of the existence of the extension header part. Furthermore, it was decided not to byte align each occurrence of a framing header (i.e. a set of LI + E) within the extension header part. I.e., when the resegmentation header (i.e. SO + LSF) is not present, byte alignment only needs to be satisfied for the total occurrences of the framing header.
The only remaining open issue with regards to byte aligned RLC headers is for the case when resegmentation header is present (i.e. AMD PDU segment), together with framing header. However, if it is decided not to include the framing header within the AMD PDU segment header, but to include the framing header of the original AMD PDU within the AMD PDU segment payload, this scenario never occurs. Nevertheless, the two alternatives for this case are:
Alternative 1: Resegmentation header = byte aligned; Total occurrences of the framing header = byte aligned

Alternative 2: [Resegmentation header + Total occurrences of the framing header] = byte aligned
The following contributions to RAN2#59 suggest adopting Alternative 1:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)
Decision should be made with regards to which approach to take.
2.4 Establishment of RLC entities

This topic is closed. It was semi-officially decided during the telephone conference held on August 9th and officially approved during RAN2#59 to configure RLC entities for LTE as in Rel-6 RLC (i.e. TM/UM RLC entity is configured as a transmitting or receiving TM/UM RLC entity, and AM RLC entity consists of a transmitting and a receiving side), provided that this decision does not impose any undesired restrictions in the future.
2.5 Logical channel mapping to RLC data transfer mode

This topic has partly progressed during RAN2#59. Specifically, it was semi-officially decided during the telephone conference held on August 9th and officially approved during RAN2#59 to not handle DL/UL DTCH by TM data transfer.

The remaining open issues with regards to this topic are the following:
Issue 1: Whether DL CCCH exists (if it exists, it is expected that DL CCCH will be handled by UM data transfer)
Issue 2: Whether BCCH mapped on DL-SCH is handled by TM or UM data transfer.
Decisions should be taken with regards to the above open issues.

2.6 RLC header fields

This topic has further progressed during RAN2#59. The latest agreements can be seen in section 6 of [1].

2.6.1 Alignment of AMD PDU and UMD PDU headers

The way forward for this topic has been identified during the telephone conference held on August 9th. Specifically, it was suggested to first decide on the contents (the field and their number of bits) of the UMD PDU and AMD PDU headers, and then to take a decision on this issue.
There have been indications to align the AMD PDU and UMD PDU headers, i.e. the UMD PDU header should be equivalent to the AMD PDU header, with fields specific to AM data transfer being ignored for UMD PDU header (e.g. polling). On the other hand, there were also arguments against this in order to save unnecessary overhead for UMD PDUs.

2.6.2 Polling indication – Poll bit or polling RLC control PDU?
How the transmitting RLC entity indicates a poll for a status report from the receiving RLC entity needs to be addressed for AM data transfer. The following three alternatives have been identified so far:
Alternative 1: include a Poll bit in the fixed header part of AMD PDU and AMD PDU segment
Alternative 2: create a control PDU for polling
Alternative 3: define a special LI value to indicate polling.
The following contributions to RAN2#59 suggest adopting Alternative 1 assuming that there will be free space for a poll bit due to byte aligning the fixed header part of the AMD PDU (AMD PDU segment) header:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073471 (Texas Instruments)
The following contributions to RAN2#59 suggest adopting Alternative 1 if there is free space for a poll bit due to byte aligning the fixed header part of the AMD PDU (AMD PDU segment) header:

· R2-073318 (Samsung)

· R2-073478 (Qualcomm)

· R2-073538 (Motorola)

The following contribution to RAN2#59 suggests adopting Alternative 2 if there is not any free space for a poll bit even after byte aligning the fixed header part of the AMD PDU (AMD PDU segment) header:

· R2-073318 (Samsung)
The following contribution to RAN2#59 suggests adopting Alternative 2 regardless of whether Alternative 1 is supported or not:

· R2-073538 (Motorola)

The following contribution to RAN2#59 suggests adopting Alternative 3:

· R2-073519 (LG Electronics)

Decision should be made on which approach(es) to take.
2.6.3 Indication of PDU type within the header

There have been several documents addressing the need for a “Type” field to indicate the PDU type. Mainly there are two components with regard to this point. One is the need for a “Type” field to indicate the existence of a resegmentation header. The other is the need for a “Type” field to indicate whether the PDU is a RLC data PDU or a RLC control PDU.
As for the “Type” field to indicate the existence of a resegmentation header, the following alternatives have been identified:

Alternative 1: “Resegmentation flag” within fixed header part indicates “AMD PDU” or “AMD PDU segment”
Alternative 2: “Header type” within extension header part indicates “framing header” or “resegmentation header”
The following contributions to RAN2#59 suggest adopting Alternative 1:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073471 (Texas Instruments)

· R2-073535 (Motorola)

· R2-073808 (ASUSTeK)
The following contribution to RAN2#59 suggests adopting Alternative 2:

· R2-073384 (Samsung)

Decision should be made on which approach to take.
As for the “Type” field to indicate whether the PDU is a RLC data PDU or a RLC control PDU, the following alternatives have been identified:

Alternative 1: “D/C field” within fixed header part indicates “Data PDU” or “Control PDU”
Alternative 2: No “D/C field” within RLC header; send RLC control PDU as MAC control PDU instead

Alternative 3: No “D/C field” within RLC header; use special LI value to indicate “Control PDU” instead
The following contributions to RAN2#59 suggest adopting Alternative 1 assuming that there will be free space for a D/C field due to byte aligning the fixed header part of the AMD PDU (AMD PDU segment) header:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073471 (Texas Instruments)

· R2-073535 (Motorola)

· R2-073551 (Fujitsu)

· R2-073808 (ASUSTeK)
The following contribution to RAN2#59 suggests adopting Alternative 1 if there is free space for a D/C field due to byte aligning the fixed header part of the AMD PDU (AMD PDU segment) header, and suggest adopting Alternative 2 otherwise:

· R2-073319 (Samsung)
The following contribution to RAN2#59 suggests adopting Alternative 2:

· R2-073478 (Qualcomm)

The following contribution to RAN2#59 suggests adopting Alternative 3:

· R2-073519 (LG Electronics)

Decision should be made on which approach to take.

2.6.4 Handling of original AMD PDU header at resegmentation

Conceptually, there are the following three alternatives in handling the original AMD PDU header during resegmentation:

Alternative 1: Entirely include the original AMD PDU header (i.e. both the fixed header part with SN, [SI] and E, and the extension header part with LI and E) in the AMD PDU segment payload.
Alternative 2: Partially include the original AMD PDU header (i.e. only the extension header part with LI and E) in the AMD PDU segment payload.
Alternative 3: Do not include the original AMD PDU header in the AMD PDU segment payload at all, but recalculate and insert LI in the AMD PDU segment header).

The following contribution to RAN2#59 suggests adopting Alternative 1:

· R2-073535 (Motorola)

The following contribution to RAN2#59 suggests adopting Alternative 2:

· R2-073551 (Fujitsu)

The following contributions to RAN2#59 suggest adopting Alternative 3:
· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073471 (Texas Instruments)

· R2-073478 (Qualcomm)

· R2-073589 (Alcatel-Lucent, LG Electronics)
Decision should be made on which approach to take.

2.6.5 LI for the last Data field element
This topic is closed. It was semi-officially decided during the telephone conference held on August 9th and officially approved during RAN2#59 to omit the LI for the last concatenated block of the RLC PDU. If there is no Control PDU piggybacking, this means that the LI for the last Data field element is omitted.

2.6.6 Optimized (short) headers
There have been several proposals to define optimised headers with short SN, LI and/or SO fields.
The following contributions to RAN2#59 proposed supporting some optimised headers:

· R2-073228 (Ericsson)

· Optimised header: 7bit LI

· The use of baseline and optimized LI are dynamic
· Whether baseline or optimized LI is used depends on the RLC PDU size

· No specific header is required to indicate which LI is being used (receiver deduces from the RLC PDU size)

· R2-073291 (Nokia, Nokia Siemens Networks)

· Optimized header: 7bit LI and 4bit SN

· The use of baseline and optimized LI/SN are dynamic (?)

· (What does the use of baseline or optimized LI/SN depend on?)
· Format flag in MAC header indicates which LI/SN is being used

· R2-073291 (Nokia, Nokia Siemens Networks)

· Optimized header: No RLC header

· The use of RLC header is dynamic (?)
· Whether RLC header is used or not depends on whether there is any RLC segment/concatenation performed
· Header elimination bit in MAC header indicates existence of RLC header

· R2-073387 (Samsung)
· Optimised header: short SN
· The use of baseline and short SN are dynamic
· Whether baseline or short SN is used depends on whether it is RLC initial transmission or retransmission
· 1bit flag in the RLC header indicates which SN is being used
· R2-073741 (Texas Instruments)
· Optimised header: 3bit SN
· The use of baseline and optimized SN are dynamic (?)
· (What does the use of baseline or optimized SN depend on?)

· C/R bit in RLC header indicates which SN is being used

· R2-073477 (Qualcomm)
· Optimised header: 4bit SN, 6bit LI and 6bit SO
· (Is the use of baseline and optimized SN/LI/SO configurable or dynamic?)
· R2-073457 (Alcatel-Lucent)

· Alternative method compared to the segment offset approach to indicate the position of an AMD PDU segment within the original AMD PDU: 

Decisions should be made with regards to these open issues.

2.6.7 LI field size
This topic is closed. It was semi-officially decided during the telephone conference held on August 9th and officially approved during RAN2#59 that the baseline LI field size is 11bits.

2.6.8 SN field size

The baseline SN field size needs to be decided for both AM and UM data transfer.

The following contributions to RAN2#59 suggest adopting a 10bit SN field as a baseline (at least) for AM data transfer:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073477 (Qualcomm)
· R2-073551 (Fujitsu)
The following contributions to RAN2#59 suggest adopting an 11bit SN field as a baseline (at least) for AM data transfer:

· R2-073471 (Texas Instruments)

· R2-073537 (Motorola)
The following contribution to RAN2#59 suggests adopting an 8bit SN field as a baseline for UM data transfer:

· R2-073537 (Motorola)

Decisions should be made with regards to this open issue.
2.6.9 SO field size
The baseline SO field size needs to be decided.

The following contribution to RAN2#59 suggests adopting an 11bit SO field as a baseline:

· R2-073551 (Fujitsu)

The following contribution to RAN2#59 suggests adopting a SO field that is at least 11bits as a baseline:

· R2-073477 (Qualcomm)

The following contributions to RAN2#59 suggest adopting a 15bit SO field as a baseline:

· R2-073228 (Ericsson)

· R2-073291 (Nokia, Nokia Siemens Networks)

· R2-073471 (Texas Instruments)
Decisions should be made with regards to this open issue.

2.6.10 SN handling optimizations

There have been several proposals on optimizing SN handling for specific scenarios.

The following contributions to RAN2#59 suggest the following:

· R2-073168 (Huawei)
· reuse PDCP SN for RLC UM 

· R2-073454, R2-073455 (Alcatel-Lucent)
· Remove PDCP SN from the second and following PDCP SDUs when multiple PDCP SDUs are concatenated into a RLC PDU
Decisions should be made with regards to these open issues.

2.6.11 Header for RLC control PDU

There have been several proposals on optimizing SN handling for specific scenarios.

The following contribution to RAN2#59 suggests the following:

· R2-073291 (Nokia)
· RLC header for a RLC control PDU includes D/C field, RLC control type field, LI and E

· RLC header is included for each RLC control PDU

· 4bit RLC control type field (temporary)

· 8bit LI (temporary)
· 
Decisions should be made with regards to these open issues.

2.6.12 Other

There have been several other proposals regarding RLC headers.

The following contributions to RAN2#59 suggest the following:

· R2-073551 (Fujistsu)

· The use of “Generation Indicator” within the resegmentation header

· R2-073808

· Resegmentation granularity > 1 byte, leading to 8bit SO field

Decisions should be made with regards to these open issues.

2.7 Numerologies regarding RLC PDUs

This topic is closed. The following were semi-officially decided during the telephone conference held on August 9th and officially approved during RAN2#59 that the baseline LI field size is 11bits:

· The granularity of RLC PDU sizes is 1 byte

· The maximum RLC PDU size is only bounded by the maximum TB size (there are no other bounds)

· The number of RLC PDUs that can be generated in a TTI will not be explicitly stated in the specification
2.8 Handling at re-segmentation

This topic has partly progressed during RAN2#58bis. Specifically, it was decided to use SO (as opposed to Sub-SN) in order to indicate the position of the AMD PDU segment within the original AMD PDU. The other issue of how to handle the original AMD PDU header at resegmentation is now captured in section 2.6.4.
2.9 Transmit window operation for AM data transfer
This topic has partly progressed during RAN2#59. Specifically, it was decided that the peer receiving RLC entity discards received AMD PDUs which fall outside of the receiver window.
Whether the transmit window operation needs to be specified has not been discussed yet. In Rel-6 RLC, transmit window operation is specified so as to avoid RLC SN ambiguity at the receiver and at the same time realizing a lossless data transfer.

The following contribution to RAN2#59 suggests adopting a transmit window operation similar to UTRA RLC:

· R2-073478 (Qualcomm)

The following contributions to RAN2#59 were related to this topic:
· R2-073229 (Ericsson)

· R2-073472 (Texas Instruments)

· R2-073577 (NTT DoCoMo)

· R2-073615 (Motorola)

Discussion and decision are needed with regards to this open issue.

2.10 Duplicate detection
Whether or not duplicate detection needs to be performed at the receiving UM RLC entity needs to be discussed. It seems that this depends on the transmission scheme for BCCH mapped on DL-SCH.

The following contribution to RAN2#59 suggests adopting duplicate detection at receiving UM RLC entity in order to handle duplicate transmissions due to ACK->NACK errors:

· R2-073478 (Qualcomm)

Discussion and decision are needed with regards to this open issue.

2.11 Reordering window operation and PDU loss detection

This topic has partly progressed during RAN2#59. Specifically, it was decided that the receiving RLC entity discards received AMD PDUs which fall outside of the receiver window.

For LTE, the receiving MAC entity does not perform reordering of out of sequence MAC PDUs that is caused by HARQ. Therefore, a mechanism to detect loss of RLC PDUs by the receiving UM/AM RLC entities need to be defined considering for this. Proposals to use a reordering timer when a SN gap has been detected at the receiving RLC entity have been made in the past RAN2 meetings. An appropriate reordering window operation needs to be defined according to the decisions.

· 
The following contributions to RAN2#59 were related to this topic:
· R2-073120 (ASUSTeK)

· R2-073229 (Ericsson)

· R2-083334 (Huawei)

· R2-073472 (Texas Instruments)

· R2-073476 (Qualcomm)

· R2-073507 (LG Electronics)

· R2-073615 (Motorola)

Discussion and decision are needed with regards to this open issue.
2.12 ARQ related procedures
The following needs to be identified:

· Triggers for retransmission other than those listed in [1]
· Triggers for polling other than those listed in [1]

· Triggers for status reporting other than those listed in [1]
· Need for poll prohibit and status prohibit timers
· How to indicate a poll (fixed bit in RLC header, MAC/RLC control PDU or special LI)

· STATUS PDU formats

· Transmission method of STATUS PDUs (i.e. support for piggybacking to AMD PDU and/or AMD PDU segment, mapping onto MAC control element, etc.)
The need for the following polling triggers has been suggested by contributions to RAN2#59:

· Poll timer (the timer that is started after poll is set) expiry

· R2-073121 (ASUSTeK), R2-073167 (Huawei), R2-073227 (Ericsson), R2-073538 (Motorola), R2-073575 (NTT DoCoMo)

· Transmit window occupancy based

· R2-073121 (ASUSTeK), R2-073167 (Huawei), R2-073575 (NTT DoCoMo)

· Last PDU in retransmission buffer

· R2-073121 (ASUSTeK), R2-073167 (Huawei)

· Handover preparation

· R2-073538 (Motorola)

· “Every N bytes”
· R2-073538 (Motorola)

· Periodic timer expiry
· R2-073538 (Motorola)
Discussion and decision are needed with regards to this open issue.
The need for the following status reporting triggers has been suggested by contributions to RAN2#59:

· Detection of missing PDU

· R2-073066 (NEC), R2-073121 (ASUSTeK), R2-073167 (Huawei), R2-073227 (Ericsson), R2-073507 (LG Electronics), R2-073575 (NTT DoCoMo)

· Periodic timer based

· R2-073121 (ASUSTeK), R2-073167 (Huawei)

· Receiving window occupancy based

· R2-073167 (Huawei), R2-073507 (LG Electronics)

· Indication from lower layers

· R2-073167 (Huawei)

Discussion and decision are needed with regards to this open issue.
The need for a poll prohibit timer has been addressed by contributions to RAN2#59:

· Poll prohibit timer is needed

· R2-073538 (Motorola)

· Poll prohibit timer is not needed

· R2-073121 (ASUSTeK)

Discussion and decision are needed with regards to this open issue.
The need for a status prohibit timer has been addressed by contributions to RAN2#59:

· Status prohibit timer is needed

· R2-073121 (ASUSTeK)

· Status prohibit timer is not needed

· R2-073227 (Ericsson)

Discussion and decision are needed with regards to this open issue.
The following contributions to RAN2#59 addressed the STATUS PDU SUFIs/formats:
· R2-073174 (Huawei)
· R2-073539 (Motorola)

· R2-073581 (NTT DoCoMo)

Discussion and decision are needed with regards to this open issue.
The need for RLC to support Control (STATUS) PDU piggybacking has been addressed by contributions to RAN2#59:

· Piggybacking is not needed

· R2-073228 (Ericsson)

· R2-073581 (NTT DoCoMo)

· Piggybacking (concatenating) should be supported

· R2-073291 (Nokia, Nokia Siemens Networks)

Discussion and decision are needed with regards to this open issue.

2.13 SDU discard

The following needs to be identified:

· Which data transfer modes should support SDU discard?

· Triggers for SDU discard other than those listed in [1]

· Is there a need to signal the occurrence of a SDU discard at the transmitting RLC entity to the peer receiving RLC entity?

The following contributions to RAN2#59 were related to this topic:
· R2-073230 (Ericsson)

· R2-073262 (Mitsubishi)

· R2-073325 (Samsung)

· R2-073472 (Texas Instruments)

Discussion and decision are needed with regards to this open issue.

2.14 Reset

The following needs to be identified:

· Which data transfer modes should support Reset?

· Is there a need for an explicit reset procedure for AM RLC entity as in Rel-6 with the use of RESET PDUs and RESET ACK PDUs

· Actions at reset
The following contribution to RAN2#59 was related to this topic:
· R2-073323 (Samsung)

Discussion and decision are needed with regards to this open issue.

3
Conclusion

This document lists the open issues for Stage 3 E-UTRA RLC specification work.
However, it should be noted that some of the issues listed in section 2 of this document were discussed over a telephone conference held on September 19th, and some semi-official decisions have been made which can be referred in the telephone conference minutes [3].
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