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1 Introduction

Details of the LTE Layer 2 Protocol Stack are currently under discussion at 3GPP. In this document we discuss some of the issues that are still open in the discussion. In section 2 discuss the ARQ retransmission unit and re-segmentation and in section 3 we present alternatives for the RLC sequence numbering. 

2 RLC retransmission unit and re-segmentation
According to 25.813 it has been decided to perform segmentation in RLC to fit the selected transport block size. It is however FFS if RLC retransmits RLC SDUs or RLC PDUs.

An RLC header is per definition added per RLC PDU and the straight forward solution is that RLC retransmits RLC PDUs. This gives a high retransmission efficiency at the cell edge since only the lost segments needs to be retransmitted instead of the whole SDU. In case the data rate is low such that an IP packet is segmented into many TTIs the performance is better compared to a solution that retransmits RLC SDUs
. This is true also if layer 1 would support longer (or dynamic) TTIs but even if the performance difference in that case becomes smaller.
When an RLC retransmission is needed the radio conditions may have changed since the previous (re)transmission and there may therefore be a need to apply re-segmentation
. This re-segmentation should in this option be performed in RLC to avoid duplicate segmentation functionality in RLC and MAC.

As long as only one level of re-segmentation is allowed (i.e. an RLC SDU can be segmented and each of the RLC PDUs can be re-segmented once but not more) the additional complexity is however marginal. From an overhead perspective it should be noted that the additional header fields needed to control the re-segmentation are only needed for the RLC PDUs that are actually re-segmented and the overhead is therefore minimal.
Proposal 1: It is proposed that RLC shall perform retransmissions of RLC PDUs
Proposal 2: It is proposed that re-segmentation should be performed of RLC PDUs

Proposal 3: It is proposed that only one level of re-segmentation shall be supported
3 RLC sequence numbering

In RAN2, primarily two alternatives for RLC sequence numbers have been discussed. Either RLC performs its own sequence numbering similar to rel-6 RLC or the sequence numbers added in the aGW for ciphering are reused by RLC. In the following we denote this second alternative as higher layer sequence numbers. 
3.1 Reuse of higher layer sequence numbers

In order to support segmentation in RLC in combination with reuse of higher layer sequence numbers some kind of sub sequence number needs to be added by RLC for each RLC PDU (segment) such that the total sequence number consists of the HL SN + RLC SN. As a variant the RLC SN could potentially be an offset in octets as proposed in [1].
A general problem with reusing the higher layer sequence numbers is the handling of lost packets, either due to transport network losses at congestion or handover or due to AQM in the Node B. Whenever a higher layer packet is lost before the RLC due to any of these reasons it results in gaps in the HL SN. The ARQ protocol in RLC will try to correct these losses since there is no way to distinguish if a loss occurs over the air interface or due to other reasons. Since the packets lost before RLC are not present in the RLC buffer, this would require special solutions causing additional complexity.
One issue that should be considered is the dependency between RLC ARQ and ciphering that is created if the higher layer sequence numbers are used in RLC. If the ciphering sequence number in downlink needs to be reset (e.g. at change of ciphering keys) RLC needs to be made aware of this and re-establish the ARQ entity. Similarly, if the RLC ARQ entity in uplink needs to be re-established due to e.g. protocol errors this affects the ciphering that may need to be informed of the event. These kind of interactions are largely unexplored and can lead to additional error cases. 
Another issue to consider is the structure of the RLC status reports. In case RLC SN consists of the HL SN + byte offset (as in [1]) the RLC status report also needs to indicate the HL SN + byte offset which may not be attractive.

3.2 RLC specific sequence numbers

In this alternative the RLC sequence numbers are added by RLC per RLC PDU as in Rel-6 RLC. For short IP packets where no segmentation is needed, the overhead with RLC specific SNs is slightly higher than with HL SNs since both RLC SN and HL SN would be present for these small packets.
However, for larger IP packets where segmentation is performed the relation is the opposite since the HL SN solution requires that the longer HL SN is copied into each RLC PDU whereas only a shorter RLC SN is needed per RLC PDU when RLC SNs are used.
The problems described for the HL SN solution in case of packet losses before RLC do not exist for this solution since no gaps will be created in the RLC SNs even if packets are lost or dropped by AQM before RLC.

Proposal 4: It is proposed that RLC specific sequence numbers shall be used by ARQ

4 Conclusions
Based on the discussion in the previous sections we conclude that it is beneficial to use RLC PDUs as the RLC re-transmission unit due to the higher retransmission efficiency. We see a need for a re-segmentation function and we think it can be realized with marginal complexity. Finally we see that the use of dedicated RLC sequence numbers is superior to the use of higher layer sequence numbers since the use of higher layer sequence numbers cause several error cases that require special mechanisms to solve. We propose to capture in the RAN2 TR that:
· The RLC retransmission unit equals one RLC PDU which corresponds to a segmented RLC SDU and RLC header
· Re-segmentation is performed (when needed) for RLC retransmissions
· Only one level of re-segmentation is supported i.e. re-segmented RLC PDUs can not be further segmented
· RLC specific sequence numbers are used for ARQ, i.e. higher layer SNs are not used by RLC
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5.3.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM, UM or TM data transfer (FFS);

-
Error Correction through ARQ;

-
Segmentation according to the size of the TB;
-
Resegmentation of RLC PDUs when necessary (e.g. when the radio quality, i.e. the supported TB size changes);
-
Concatenation of SDUs for the same radio bearer is FFS;
-
In-sequence delivery of upper layer PDUs;

-
Duplicate Detection;

-
Protocol error detection and recovery;

-
Flow Control (FFS between aGW and eNB);

-
SDU discard (FFS);

-
Reset.

6.2
ARQ principles

The ARQ within the RLC sublayer has the following characteristics:

-
The ARQ retransmits RLC PDUs (segments);
-
The ARQ sequence number is added in RLC per RLC PDU

-
ARQ retransmissions are based on:

-
RLC status reports (FFS);

-
HARQ/ARQ interactions (see subclause 6.3).

-
The RLC transmitter can invoke a discard procedure (FFS);

-
The RLC can invoke a reset procedure (FFS).













































































































































































































































































































































































































































































































































































































� If the network is planned for e.g. 200 kbps at the cell border a 1500 octet packet will be segmented into more than 100 TTIs and the probability for a HARQ failure in at least one of the TTIs is significant.


� A simple solution is to not have re-segmentation but this could be problematic if the radio conditions or resource usage have changed significantly from the previous RLC (re)transmission
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