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1.
Introduction
At the last meeting in Sorrento, the need for concatenation function was discussed.

In this document, we compare the overhead in various scenarios.

2.
Discussion
2.1 Concatenation in RLC vs MAC
First of all, following is current AM RLC PDU format defined in 25.322.
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Fig. 1 Current format for AM RLC PDU
Whenever a RLC SDU is included into RLC PDU, one set of LI and E field is added into RLC PDU. In other words, one RLC SDU inclusion into RLC PDU causes 16 bit overhead increase. But regardless of the number of RLC SDUs in the RLC PDU, the 12 bit overhead caused by Sequence Number does not change. Generally, we can express the overhead in RLC as follows:
           EQ1(K) = Overhead_in_RLC = 1 + 12 + 1 + 2 + K*16 = 16+K*16 

In above equation, K is the number of RLC SDU included into RLC PDU. 

At this moment, the exact format for MAC-hs is not defined. But following can be general format for MAC-hs[1].


[image: image2.emf]VF

(1)

Logical Channel id

(5 bit)

TSN

(3 bit)

TSN

(2 bit)

Length

(5 bit)

Length

(6 bit)

SI

(2 bit)

Length

(8 bit)

Length

(3 bit)

SI

(2 bit)

Padding

(3 bit)


Fig. 2 General format for MAC-hs PDU Header
As shown in this figure, whenever a MAC-hs SDU is included into MAC-hs PDU, one set of ‘Length’ and ‘SI’ is added. If we assume 11 bit LI and 2 bit SI, then overhead in MAC-hs can be calculated as follows:
EQ2(L) = Overhead_in_MAC = 8*RoundUp[(3 + (11+2)*L )/8]  

In above equation, L is the number of included MAC-hs SDUs. In fact, this can be considered as the number of included RLC SDU. And it is assumed that MAC-hs header is byte aligned. In above equation, the first octet (VF+Logical_channel_id+TSN(2bit)) is not considered in calculation because this has no impact on calculation.

For comparison between the case when RLC concatenates and the case when MAC-hs concatenates, only one logical channel is considered for simplicity. Comparison is done for the same number of RLC SDUs. I.e, the number of RLC SDUs in RLC PDUs for the case of RLC concatenation is same as the number of MAC-hs SDUs for the case MAC-hs concatenation. Accordingly, when RLC concatenate, there is no concatenation in MAC-hs, and vice versa. Then following two equations are induced.
EQ3(N)=Overhead_MAC_concatenates = N*(EQ1(1))+EQ2(N)=N*16+16+8*RoundUp[(3 + (11+2)*N)/8]
EQ4(N)=Overhead_RLC_concatenates = (EQ1(N))+EQ2(1)=16+N*16+8*RoundUp[(3 + (11+2)*1)/8]=32+16*N
Here, N is the number of RLC SDU. With two equations above, we can see the difference between them in figure 3.
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Fig. 3 Comparison of concatenation in MAC vs RLC
As shown in figure 3, there is more gain when RLC performs concatenation. In fact, RLC concatenation is always better than MAC concatenation. 

Conclusion
RLC performs concatenation

3.
Conclusion
For L2 Enhancement, it is proposed to agree that: 
· RLC performs concatenation.

· RLC header should be designed to support concatenation.

4.
Reference
[1] R2-063299, Further considerations on L2 enhancements, Nokia, Ericsson
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