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1 Introduction

The current status of agreements in RAN2 is that segmentation is performed in the RLC layer and multiplexing of different radio bearers is part of MAC (MUX3) ‎[1].

We think that the transmission of data from different RLC SDUs belonging to one radio bearer in a single TTI shall be supported. Concatenation is required for radio resource efficiency reasons and to achieve high throughputs. However, it is still unclear whether concatenation of RLC SDUs or parts thereof shall be performed at the RLC layer or at the MAC layer. 
This contribution discusses the two options: concatenation as part of the MAC MUX3 functionality and concatenation as part of the RLC.
2 Scenarios
Concatenation of data from different RLC SDUs is required in several scenarios. Below the two most common scenarios are described.
a) Several small packets (see also ‎[3]) are in the SDU buffer: 
This case happens frequently for TCP traffic if the L2 in-order-delivery function has to wait for HARQ or RLC retransmissions. Once the delayed PDU is received, the TCP data segments are delivered in a burst and trigger potentially several small TCP ACKs in a very short interval. In order to save L1/L2 control signalling, these ACK packets should be sent potentially in a single TTI. 

The case of several small packets in the SDU buffer may happen also for VoIP traffic. Also there it is then beneficial to transmit them in one TTI to save L1/L2 control signalling.

b) Non-empty buffer and remaining resources:


The case that data from one RLC SDU has been scheduled, but there are remaining transmission resources and more data in the buffer occurs also frequently. The radio resources should be used efficiently and therefore more data should be scheduled. On top of that this approach saves also L1/L2 control signalling.

3 Discussion

3.1 Option 1: Concatenation performed in the MAC layer
It has been agreed already that the MAC layer shall provide functionality to support multiplexing of data from different ARQ flows, i.e., from different radio bearers. Such multiplexing requires that the MAC headers contain the following fields:
· Radio Bearer ID 

· Length per RLC PDU

· Extension flags to indicate whether another MAC SDU follows 

MAC multiplexing of radio bearers is similar to concatenation of data within a radio bearer. If concatenation at the MAC layer is performed then the following information needs to be present in the MAC header:

· Radio Bearer ID of the PDU

· Length in bytes for each RLC PDU (assuming RLC segmentation on byte level)

· Extension flag to indicate whether another MAC SDU follows

Furthermore, the RLC header has to contain the following fields per PDU:
· Sequence Number

· Segmentation Flags
3.2 Option 2: Concatenation performed in the RLC layer

If the concatenation is embedded in the RLC layer, the related information needs to be part of the RLC header. Thus the MAC header contains only the following information (related to MUX3):
· Radio Bearer ID 

· Length per RLC PDU

· Extension flags to indicate whether another MAC SDU follows 

The RLC header contains the fields:

· Sequence Number

· Segmentation Flags

· Length in bytes for each RLC PDU (assuming RLC segmentation on byte level)

· Extension flag to indicate whether another RLC SDU follows

4 Comparison

	
	Option 1 (MAC)
	Option 2 (RLC)

	MAC
	
	

	Radio Bearer ID
	n
	1

	RLC PDU Length
	n
	1

	Extension Flag MAC
	n
	1

	RLC
	
	

	Sequence Number 
	n
	1

	Length Indicator
	-
	n

	Segmentation Flags 
	n
	n

	Extension Flag RLC
	-
	n


The table above shows the fields that are required to perform concatenation either in MAC or RLC, if data from n RLC SDUs shall be transmitted in one TTI. It is indicated whether the field is needed only once per TTI or n times.
If only a single PDU is transmitted, the overhead of both concepts is very similar.

If several RLC PDUs of one radio bearer are transmitted in one TTI, there is a substantial difference. The main difference between the concepts is that RLC Sequence Number and Radio Bearer ID need to be sent only once per TTI if concatenation is performed in the RLC. For option 1 these fields are required per RLC PDU. 

The amount of header bits needed to signal the RLC PDU length is regarded as similar. For option 1 the RLC PDU Length requires a similar amount of bits then the Length Indicator filed required for option 2.
We note that potentially some form of compression could be used to reduce the amount of this overhead for option 1, but since the scheme has to work also in more general cases, e.g., non-consecutive sequence number due to RLC retransmissions, this is clearly also a trade-off between simplicity and efficiency.

Besides the amount of overhead, option 2 has the additional advantage that exactly one sequence number is spent per used TTI. This allows potentially a smaller sequence number space compared to the case where several sequence numbers are used per TTI. This has also an impact on the status reporting since with option 1 more sequence numbers need to be covered.

Overall, we conclude that it is beneficial to perform concatenation in RLC.

However, there is one scenario in which it should be possible to multiplex data from a single radio bearer at the MAC layer. If an RLC retransmission needs to be performed, it should be possible to multiplex more data into the transport block. In this case two RLC PDUs of a single radio bearer could be part of one transport block. Although one could argue that this means that functionality is duplicated, we still think that in general concatenation should be supported at RLC.
5 Text Proposal
It is proposed to capture in the TR Section 5.3.2.1:
The main services and functions of the RLC sublayer include:

…

- Concatenation of SDUs for the same radio bearer;
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