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1 Introduction

The concatenation of RLC SDUs from one radio bearer into one RLC PDU is still FFS in TR25.813. This contribution is discussing the issue in more detail. It’s proposed to support the concatenation functionality at RLC layer in order to reduce the amount of overhead, i.e. RLC/MAC header. A text proposal for TR25.813 is given in the annex.     

2 Discussion

For efficiency reasons it should be possible to transmit several IP packets, i.e. RLC SDUs, from one radio bearer within the same TTI. This might be especially beneficial for the case of VoIP packets and TCP ACKs. Basically IP packets from one radio bearer could be concatenated either at RLC layer or at MAC layer. In the following, we highlight the differences of the two approaches. 
In case concatenation is done at RLC layer there would be a single RLC PDU per logical channel containing several IP packets in one TTI. Consequently only one RLC header is used for multiple IP packets, i.e. only one RLC sequence number. In case several IP packets from one radio bearer are multiplexed into a Transport Block at MAC layer, the Transport Block is comprised of multiple RLC PDU from the same radio bearer, each having it’s own sequence number.  Therefore the RLC overhead can be reduced when concatenation at RLC layer is supported.
Furthermore the overhead at MAC layer, i.e. Transport Block header, can be also reduced in case of RLC concatenation. In case of MAC level concatenation a logical channel ID (LCID) for each of the RLC PDUs from the same logical channel is required [1] thereby increasing the overhead significantly. Since in case of concatenation at RLC layer there is only one RLC PDU per logical channel, only one LCID per logical channel is contained in the Transport Block header.

As shown in [2] the support of concatenation of several IP packets into one RLC PDU doesn’t increase the complexity significantly. Only two segmentation indicators (SI) are required to indicate whether the first and/or the last block in a RLC PDU is a complete IP packet or a fragment of an IP packet. Based on the SI field and the RLC PDU sequence number the receiver is able to perform the reassembly. Due to the simple header structure proposed in [2] the reassembly procedure at the receiver is greatly simplified. For more information on the RLC PDU format supporting concatenation please refer to Annex B.
Conclusion:  Since concatenation of RLC SDUs from one radio bearer into a RLC PDU doesn’t increase the complexity significantly and in light of the overhead reduction compared to the concatenation at MAC layer we propose, that RLC layer should support concatenation functionality.

It should be noted, that multiplexing of several RLC PDUs from one logical channel into a Transport Block is always an option regardless of whether concatenation at RLC layer is supported. Therefore scheduler could decide whether concatenation should be applied on RLC layer or on MAC layer. This could be for example indicated by a primitive between MAC and RLC.

3 Conclusion 

In this contribution the open issue on concatenation of RLC SDUs from one radio bearer into one RLC PDU has been discussed. It’s proposed that RLC layer supports concatenation functionality. A text proposal for TR25.813 is given in Annex A.
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Annex A

---Start of the text proposal---

4.1.1 RLC Sublayer

This subclause provides an overview on services and functions provided by the RLC sublayer. Note that the reliability of RLC is configurable: some bearers may tolerate rare losses (e.g. TCP traffic).

4.1.1.1 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 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 
-
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.

---End of the text proposal---

Annex B

In the following an example illustrating the concatenation functionality at RLC layer is given.
In order to support the concatenation/segmentation functionality at RLC layer the RLC header needs to contain the following information:

· Sequence Number (SN)

· The Sequence Number (SN) field identifies the RLC PDU, which is used for the recovery of missing PDUs by ARQ retransmissions and for reordering purposes.

· Re-segmentation flag (R)

· The Re-segmentation flag (R) indicates whether a sub-sequence number is following or whether Segmentation Indicators (SI) are next in the RLC header structure. A sub-sequence number is used in case of re-segmentation for ARQ retransmissions.  

· Segmentation Indicators (SI)

· The Segmentation Indicators are used to indicate whether the first and/or last block in the RLC PDU is a full IP packet or segmented IP packet. It’s not necessary to indicate the status of other blocks comprising the RLC PDU since by definition they must by complete IP packets. The segmentation information is used in the receiver in order to reassemble correctly segmented IP packets.

	SI
	First IP Packet 
segmented at the front
	Last IP packet 
segmented at the end

	00
	No
	No

	01
	No
	Yes

	10
	Yes
	No

	11
	Yes
	Yes


· Length Indicator (LI)

· The length Indicators (LI) are required to indicate the length of each block comprising a RLC PDU. There should be as many length indicators as blocks in the PDU.

The following figure shows an example how the segmentation information is used by the receiver to reassemble IP packets. 
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Figure 1 Concatenation/segmentation example using simple RLC PDU format
  

Block 3 of RLC PDU#1 and block 4 of RLC PDU#2 should be combined together in order to reassemble RLC SDU 3. In the same way should the receiver reassemble RLC SDU 4 by combining block 5 and block 6. 

As can be seen the segmentation indicators provide a reliable and robust way in order to perform the reassemble efficiently. Only two bits segmentation information per RLC PDU is required in order to support concatenation and/or segmentation at RLC layer.  
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