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1. Introduction

This contribution presents MAC architecture and MAC framing method that Samsung assumes. 
It includes;

· Detailed architecture of MAC

· Functions of MAC sub entities

· MAC Frame format

· MAC level segmentation

In designing MAC architecture and frame format, we try to achieve followings

· flexible PDU size both at initial transmission and retransmissions
· simple architecture and PDU format

· to keep similarity with UMTS layer 2 as much as possible 
2. Discussion/Description
Figure 1 shows the protocol architecture of the radio interfaces that Samsung assumes. 
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Figure 1. radio interface architecture
Packet filtering block filters upper layer PDUs to the appropriate layer 2 entity (header (de)compressor or MAC-f). 

HARQ could be regarded as MAC function or physical layer function, which is modeling issue. 

MAC has two sub entities, called MAC-f(framing) and MAC-m(multiplexing). 

MAC-f is mainly about ‘framing’ and ‘ARQ handling’ so it is established per IP flow like RLC in UMTS.
MAC-m is mainly about ‘multiplexing’ and ‘MAC control’ so it is established per UE.

Figure 2 provides detailed look of MAC-f and MAC-m.  
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 Figure 2. MAC structure
2.1 MAC-f 
MAC-f is responsible for segmentation/reassembly, reliable transmission of upper layer PDUs.
Transmitting side

‘Sequence Number’ function attaches sequence number to a upper layer PDU and deliver MAC-f PDUs to transmission buffer. One upper layer PDU is mapped to one MAC-f PDU. 

Transmission buffer stores MAC-f PDUs until they are scheduled. 

When the granted resource and the size of MAC-f PDU do not match, the MAC-f PDU could be segmented at ‘Segment’ function, which also attaches segment sub-header. 

Retransmission buffer stores already transmitted but not yet acknowledged MAC-f PDUs.

‘MAC-f control’ function manages retransmission based on local ACK/NACK from ‘MAC-m control’ function. This will be further discussed in [1].
‘MAC-f control’ function would also process MAC-f control signal if exist. 

MAC-f is operating either at acknowledged mode or unacknowledged mode, and retransmission buffer is not needed for UM.

Receiving side
‘Reception buffer’ stores MAC-f PDUs until MAC-f PDUs are reordered, can be reassembled and in-sequence delivery is assured. 
Reassembly function reassembles segmented MAC-f PDUs, detaches MAC-f header and delivers upper layer PDUs to the upper layer. 

Since MAC-f level STATUS REPORT is not needed, retransmission management does not exist. 
2.2 MAC-m
Transmitting side

‘Multiplexing’ function multiplexes MAC-f PDUs from MAC-f entities, and delivers MAC-m PDUs to the lower layer.
‘MAC-m control’ does several functions including;

· priority handling between MAC-f entities of a UE

· TFRI selection

· MAC-m control signal (e.g. resource request) processing
· Shared control channel processing. (e.g. CQI generation, TFRI generation, grant channel reception)

· Local ACK/NACK generation

· MAC state management

‘HARQ control’ does several functions including;

· HARQ related feedback information processing 

· HARQ (re)transmission management

Receiving side
‘Demultiplexing’ function demultiplexes MAC-m PDU into MAC-f PDU(s), and delivers MAC-f PDUs to appropriate MAC-f entities.
‘MAC-m control’ does several functions including;

· MAC-m control signal processing

· Shared control channel processing (e.g. CQI generation, TFRI generation, grant channel reception)

· NACK/ACK error detecting/reporting

· MAC state management

‘HARQ control’ function has several jobs including;

· HARQ related feedback information processing 

· HARQ buffer management

2.3 MAC PDU format
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Figure 3. MAC PDU format 
Figure 3 shows MAC-m PDU format.

One MAC-m PDU could contain multiple MAC-f PDUs, and one MAC-f PDU accompanies one MAC-m header entry, that are MID field and length field. 

MID identifies to which MAC-f entity corresponding MAC-f PDU should be forwarded. Length is the size of the corresponding MAC-f PDU in byte. 

MAC-f header has sequence number field, segment index field, LSI and E field. 

Sequence number is assigned per upper layer PDU. 

Segment index is added when a MAC-f PDU is segmented. LSI (Last Segment Indicator) is a flag to indicate whether the MAC-f PDU is the last segment of a MAC-f PDU or not.  

E is a flag to indicate whether the next field is ‘segment index’ of payload. 

A segment of a upper layer PDU or a complete upper layer PDU can be mapped to payload of MAC-f PDU. This means that upper layer PDUs are not concatenated into a MAC-f PDU, therefore LI is not needed. In case we need to send multiple upper layer PDUs from a MAC-f entity in a MAC-f PDU, we can handle it by concatenating multiple MAC-f PDUs. 
2.4 segmentation handling
Since one upper layer PDU is mapped to a MAC-f PDU, a MAC-f PDU could be too large to be (re)transmitted in a TTI. Therefore MAC-f segments MAC-f PDU when granted resource is not enough to transmit a whole MAC-f PDU, and indicate this with segment index and LSI flag.
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Figure 4. Segmentation example
Segmentation could happen either in the initial transmission or in retransmissions, and one MAC-f PDU could be segmented multiple times. 
Figure 4 shows examples of segmentations. 
A segment sub-header consisting of segment index and LSI is added when a MAC-f PDU is segmented. The first segment of the MAC-f PDU is given segment index of 0, and the last segment of the MAC-f PDU is indicated by LSI flag. Any of segments can be segmented again, which will be identified with another segment sub-head inserted. 

In the example of figure 4, MAC-f PDU (0) is segmented to two segments, where the first segment’s segment index is 0 (MAC-f (0,0)) and the last segment’s segment index is 1 (MAC-f (0,1)).
It should be noted that a MAC-f PDU can be segmented multiple times at initial transmission like shown in right part of figure 4. It means when a PDU can not be transmitted at a given segmentation level because of lack of segment index, the PDU is simply segmented to the next level. Therefore very small segment index is possible. 
3. Conclusion

MAC architecture and PDU format is proposed in this contribution.

The proposal supports flexible PDU size with a marginal complexity added. 
It is suggested to discuss the proposal and agree on the basic concept. 
Reference
[1] R2-060077, “MAC Functions: ARQ”, Samsung

_1197875772.vsd
PDCP


RRC


NAS


MAC-f


MAC-f


MAC-f


HC/HD


MAC-f


MAC-f


HC/HD


Packet Filtering


IP


MAC-m


HARQ


PHY


UL/DL-SDCH


BCH


C-Plane


U-Plane



_1197876005.vsd
Transmission Buffer


Retransmission Buffer


MAC-f Control


Segment


Multiplexing


HARQ & Physical Layer


IP packet


MAC-m Control


HARQ & Physical Layer


MAC-m Control


HARQ control


IP packet


Sequence Number


HARQ control


Reception & Reordering Buffer


Reassembly


Demultiplexing


MAC-f PDU


MAC-m PDU


control


data



_1197782308.vsd
[segment index, LSI, E]s


[MID, Length]s


Multiplexing ID (e.g. LCH ID or MAC-f ID)


Length


Sequence Number


segment index


E


LSI


a segment of a IP packet
or
a complete IP packet


MAC-f PDUs


E


MAC-f PDU


MAC-m PDU



_1197784140.vsd
MAC-f PDU (0) 


MAC-f PDU (1) 


MAC-f PDU (2) 


MAC-f PDU (0,0)
LSI = N


(0,1)
LSI = Y


MAC-f  PDU (1)


MAC-f PDU (2,0)
LSI = N


(2,1)
LSI = N


(2,2)
LSI =N


1st level segmentation


1st level segmentation


(0.0.0)
LSI = N, N


(0.0.1)
LSI = N, Y


(2,3,0)
LSI = Y, N 


(2,3,1)
LSI = Y, Y


2nd level segmentation


Initial transmission


retransmission


(SN, 1st Seg Ind, 2nd Seg Ind, ..)


Transmission buffer


2nd level segmentation



