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1.  Introduction
Section 5.3.2.1 of TR 25.813 is extracted below:

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 when necessary (e.g. when the radio quality, i.e. the supported TB size changes) (FFS if it takes place at PDU or SDU level);

-
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.

As it can be seen, many issues related to RLC framing have been left FFS in the LTE Study Item phase. This document addresses these FFS topics and proposes the way forward to RLC framing for LTE. Note that the discussion in section 2.4 assumes that the RLC SN is independent of the PDCP SN, and is irrelevant otherwise.
2. Discussion
2.1 Review of the current agreement
So far it has been agreed that RLC performs “segmentation according to the size of the TB” and “resegmentation when necessary”. This is illustrated in Figure 1.
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Figure 1 – Illustration of the current agreement
SDUs are buffered at RLC, and the (re)segmentation block at RLC performs (re)segmentation according to the TB size indicated by the TF selection block at MAC. This (re)segmented data block is passed to the HARQ entity at MAC.

2.2 RLC retransmission unit
Although it has been decided that RLC performs segmentation according to the size of the TB, it is still FFS if this segmented block is the RLC PDU or not. If RLC should be able to retransmit segments of RLC SDUs, this segmented data would be regarded as the RLC PDU. On the other hand, if RLC retransmissions are based on RLC SDUs, this segmented data would be a MAC SDU but not a RLC PDU. The difference between the two is illustrated in Figure 2.
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Figure 2 – Modelling of RLC PDU based and RLC SDU based RLC retransmission 
If the segmented data is considered as the RLC PDU, RLC retransmission can just retransmit data lost by HARQ. On the other hand, if the segmented data is just considered as the MAC SDU, RLC retransmissions will be based on full RLC SDUs. When the RLC SDU is big compared to the HARQ TB, RLC SDU based retransmission will end up retransmitting data successfully delivered by HARQ in addition to the data lost by HARQ. It has been shown in [2] that this duplicate retransmission results to about 4% with 1500byte RLC SDUs and 320bit HARQ TB, and that this percentage increases with smaller TB sizes.

In order not to degrade performance in cell edge or bandwidth limited scenarios, it is thought that RLC SDU based retransmissions are not tolerable.
Conclusion: In order to maximize RLC retransmission efficiency, RLC retransmission should be able to retransmit segmented RLC SDUs, which are the RLC PDUs.
2.3 RLC resegmentation unit
Although it has been decided that RLC performs resegmentation when necessary in order to adapt to changing channel conditions, it is still FFS if this resegmentation takes place at PDU or SDU level. Allowing RLC resegmentation to take place at PDU level automatically means that RLC retransmission can handle segmented RLC SDUs. On the contrary, only allowing RLC resegmentation to take place at SDU level automatically means that RLC retransmissions are based on RLC SDUs. The difference between the two is illustrated in Figure 3.
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Figure 3 – Modelling of PDU based and SDU based RLC resegmentation
As indicated in section 2.2, it is thought that RLC SDU based retransmissions are inefficient considering cell edge and bandwidth limited scenarios. Therefore, it is proposed to support PDU based RLC resegmentation.

With the PDU based RLC resegmentation, there is some complexity issue regarding RLC header extensions since segments of an RLC PDU must be indicated when needed. However, this complexity can be limited if we limit the level of resegmentation. For example, it could be limited so that resegmentation can only take place on a RLC PDU, and not on a segment of the RLC PDU.

Conclusion: In order to maximize RLC retransmission efficiency, RLC resegmentation should take place at the PDU level. The level of RLC resegmentation can be limited to minimize complexity involved with the RLC header structure.
2.4 RLC concatenation
This section assumes that the RLC SN is independent of the PDCP SN. If the PDCP SN is reused as the RLC SN, it is FFS whether RLC concatenation should be supported or not.

It is still FFS if RLC can concatenate multiple SDUs into a PDU. However, transmission of multiple SDUs in a single HARQ TB is allowed either way. If RLC is allowed to perform concatenation, only one sequence number is needed for the multiple SDUs in the TB, and the sequence number can be incremented per TB. On the other hand, if RLC is not allowed to perform concatenation, a sequence number is associated with at least each SDU transmitted in the TB.
For the latter case, if the sequence number has to be included in the header for each SDU, it obviously increases overhead compared to the case where RLC concatenation is allowed. However, even for the latter case it may not be necessary to include multiple sequence numbers in the header, but instead only include the sequence number of the first SDU and indicate existence of other SDUs by Length Indicators. Even then, the sequence number will be incremented more quickly compared to the case where RLC performs concatenation, and therefore the sequence number field length will have to be longer.

Conclusion: In order minimize unnecessary SN overhead, if RLC SN is independent of the PDCP SN, RLC should be allowed to concatenate multiple RLC SDUs into a RLC PDU.
2.5 MAC multiplexing of RLC retransmission PDU and new RLC PDU
If the conclusions in sections 2.2 and 2.3 are agreed, RLC retransmission efficiency is maximized for the cases when radio conditions haven’t changed or have degraded at RLC retransmission compared to the time of initial transmission.

When the radio conditions have improved at RLC retransmission compared to the time of initial transmission, there is no issue in retransmitting the original RLC PDU. However, in order to utilize the available radio bandwidth it should be possible to transmit new data together with the retransmission PDU.

This cannot be handled by the RLC concatenation proposed in section 2.4, since the RLC PDU to be retransmitted and the RLC PDU to be newly transmitted are non-contiguous, and they cannot share the same sequence number to realize in-sequence delivery at the receiving side.

On the other hand, it has already been decided to support MAC multiplexing of RLC PDUs from different logical channels. It should be able to utilize this approach for multiplexing RLC retransmission PDU and new RLC PDU.

Conclusion: MAC multiplexing should be able to support multiplexing of new RLC PDU and RLC retransmission PDU into a TB.
2.6 Resulting model

Figure 4 illustrates the resulting RLC framing model capturing all of the proposals made in this document.
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Figure 4 – Resulting model
3. Proposal
From the above discussions, it is proposed to agree on the following:
· RLC retransmission should be able to retransmit segmented RLC SDUs, which are the RLC PDUs.

· RLC resegmentation should take place at the PDU level. The level of RLC resegmentation should be limited.

· RLC should be allowed to concatenate multiple RLC SDUs into a RLC PDU (conditional on whether the RLC SN is independent of the PDCP SN).

· MAC multiplexing should support multiplexing of new RLC PDU and RLC retransmission PDU into a TB.
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