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1 Introduction

In this document we propose a PDCP/RLC/MAC PDU header format which supports the agreed features (see section 2) at each layer. The headers and the sub-headers associated with the headers are byte-aligned to simplify the header parsing and reduce the computational complexity (as shown in an earlier proposal [1]) and only add a small amount of protocol overhead.  

The format of RLC status message is outside the scope of this document.

2 Background

During the previous RAN2 meetings a number of decisions regarding PDCP/RLC/MAC operation have been made. The following is a summary of these decisions [4]:

· PDCP performs robust header compression/de-compression and Encryption/Decryption of the PDCP SDUs. The sequence number for the PDCP SDUs is assigned in this layer. 

· RLC performs concatenation and segmentation of PDCP PDUs. RLC PDUs may be of variable size and one sequence number is assigned per PDU.

· RLC may maintain its own sequence number space and does not need to re-use PDCP sequence number for AM and UM modes.

· A single RLC PDU may be re-segmented into several segments, where the number of re-segmentations is not limited. The retransmission unit can either be RLC PDU or a portion of the original RLC PDU.

· RLC is responsible for in-sequence delivery to the PDCP layer. 
· The MAC layer supports multiplexing from multiple radio bearers into a single MAC PDU or transport block.

· The MAC layer does not support in-sequence delivery towards RLC. 

There have been two sets of proposals towards meeting these requirements, which we will refer to as Proposal A [1, 2] and Proposal B [3]. In Proposal A, the format of the each individual header (PDCP, RLC and MAC) has been shown to be simpler in terms of computation complexity and parsing if they are byte-aligned. In [2] under Proposal A set, they have broadly defined the header format that tries to optimize the most common case. We believe it is possible to send more explicit information without increasing the number of bytes for the headers. Proposal B [3] defines a single RLC-MAC header that is not byte aligned for each individual header but only byte-aligned as a whole (after padding). 
3 Proposed Header Formats
In this section, we present the PDCP, RLC, and MAC header formats and describe the supported header and sub-header fields. Furthermore, we show the overhead associated with the headers and sub-headers and show how they compare with Proposal A and Proposal B. The proposed header format will be byte-aligned not only at the header level but also at each sub-header level as it has been shown in our earlier proposal that this reduces the computational complexity of parsing the headers [1]. 
3.1 PDCP Header Format

[image: image1]
Figure 1: PDCP PDU Header with required fields.

Figure 1 depicts a possible header format at the PDCP layer. Since it has been determined that PDCP layer performs encryption/decryption, the header fields include a sequence number and possibly message authentication code (MAC). 

3.2 RLC Header Format
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Figure 2: RLC PDU Structure (refer [4])
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Figure 3: RLC PDU Header with required fields.
3.2.1 RLC PDU Identification Header (Static)
The RLC PDU Identification Header allows the receiver to identify the logical channel identifier and the sequence number of RLC PDU associated with a particular radio bearer. The size of this RLC header part is constant and is always present for any RLC data PDU. For transparent mode (TM), the RLC PDU will be forwarded to the MAC layer with only the LC Id and the Length field header fields in the figure shown above (the definitions of which are described below). For the acknowledged mode (AM) and the unacknowledged mode (UM), the header format is as specified in the figure above.
· Logical Channel Identifier (LC Id): This 4-bit field identifies the logical channel number for the data being transmitted in the RLC PDU. 
· Length (Len): The length field specifies the length of the entire RLC PDU. It is of size 12-bits, which translates to a maximum of 4096 bytes for the RLC PDU. In the rare case, where the allocation for a particular radio bearer exceeds this amount, multiple RLC PDUs can be sent.
· D/C Flag (T): This 1-bit flag defines if this RLC PDU is a data PDU or a control PDU. The format of the control PDU is beyond the scope of this document.

· C/R Flag (T): This 1-bit flag defines if this RLC data PDU is using the shortened or regular form for the sequence number. The shortened form of sequence number is used for interactive/real-time data traffic for which the window size (for duplicate detection/ARQ) is small. The C/R mode can be established during the initial service establishment for that radio bearer.
· Sequence Number (SN): It is assigned to each RLC-PDU. The sequence number can either be of size 3-bits or 11-bits. Note that the shortened form can be used for VoIP and other low-data rate, small SDU-sized real-time traffic, where the window size will be relatively small and the overhead can be minimized by choosing a smaller number of bits for the sequence number. For a radio bearer with a maximum window size of n, the sequence number space should be 2n to uniquely identify the RLC PDU. For instance, in a VoIP connection the number of outstanding RLC PDUs will be of the order of 2-3 RLC PDUs and hence a 3-bit sequence number is more than sufficient for the window size. 
· Poll Bit: This 1-bit flag is set if the transmitter wants the receiver to send the RLC status report immediately. This may be useful during Handover.  
· Resegmentation Flag (Reseg): This 1-bit flag is set if a RLC PDU re-segmentation header is present.
· SDUsegmentation Flag (SDUseg): This 1-bit flag indicates if the RLC SDU reassembly header is present or not in the original (un-segmented) RLC PDU. The RLC SDU reassembly header will be present if (i) the PDU contains multiple RLC SDUs, or (ii) the PDU contains one or more RLC SDU segments.   
In the proposed header format, we have provisions for indicating whether the RLC PDU is a data or control PDU, the type of the sequence number used, whether the RLC PDU is re-segmented or not, and the ability to request RLC status reports. Also, in our proposal, the LCID and length associated with each RLC PDU is specified in the RLC layer. This is conceptually similar to proposals A and B. Also, the length field corresponds to that of the RLC PDU and would be more appropriate at the RLC layer. 
Proposal 1:  The RLC PDU identification header shall be present in every PDU and of length of 3 or 4 bytes, with the above-mentioned fields, for AM and UM mode connections. For TM mode connections, the header will include only the LC Id and the Length fields for a total size of 2 bytes (can be conceptually viewed as a MAC header).
3.2.2 RLC PDU Re-segmentation Header (Optional)

The RLC PDU Re-segmentation Header appears only if the Reseg flag is set. It identifies the offset of the current segment in the original PDU after the Identification header. It also identifies the end of the original PDU when re-segmentation is performed. 
· Segment Offset (Segment Offset): This 15-bit field identifies the offset of the starting byte of the current RLC PDU in the original (un-segmented) PDU that was segmented. The starting byte in this PDU is defined as the byte after the Identification and the Re-segmentation headers. The offset in the original PDU is defined as the number of bytes after the Identification header. 
· End Flag (EF): This 1-bit flag indicates that this segment is the last segment of the original PDU. 

There is a need to explicitly specify the segment offset in the original RLC PDU so that even if there are multiple levels of re-segmentation, there is only 1 PDU re-segmentation header. This is similar to the one proposed in proposal B [3]. However, unlike proposal B, where the sub-header may not be byte-aligned if the header does not start on a byte boundary, our proposal will always be byte-aligned.
Proposal 2: The RLC re-segmentation header is required only when re-segmentation is performed on outstanding RLC PDUs that have not been successfully received at the receiver. It is, therefore, optional and will be of size 2-bytes. 
3.2.3 RLC SDU Reassembly Header (Dynamic)
The RLC SDU Reassembly Header contains the information necessary to reassemble the RLC SDU(s) or PDCP PDU(s). This sub-header is associated with every PDCP PDU or PDCP PDU fragment that is contained in the RLC PDU. It includes the fields necessary to describe each PDCP PDU or PDCP PDU fragment. The sub-header contains fields that are independently repeated for every PDCP PDU/ PDCP PDU fragment contained. When re-segmentation is performed, this header may be present only in the first segment of the re-segmented RLC PDU if the allocation for the first RLC PDU segment is sufficient to accommodate the entire RLC SDU reassembly header. If the re-segmentation is not present, the RLC SDU reassembly header will follow the RLC PDU identification header. Otherwise, it will follow the RLC PDU re-segmentation header for the first segment of the original RLC PDU. For re-segmentation purposes, the SDU reassembly header along with the PDCP data is treated as a single unit on which the re-segmentation is performed. 
In the following, a PDCP segment refers to either full PDCP PDUs or portions of them that are contained in the RLC PDU.

The following fields are contained in the RLC SDU reassembly header:
· Fragment Control (FC): This 2-bit field specifies whether the associated PDCP segment is a complete PDCP PDU, or if it is the first, continuing or the last segment of the PDCP PDU being carried. The table below highlights the mapping between the fragment control bits and the corresponding RLC SDU segment. If there is no segmentation and if there is only 1 PDCP PDU in the RLC PDU, there is no need to have an explicit FC field. In this case, there will be no RLC SDU reassembly header. This scenario can be identified by having the SDUseg flag set to 0. 
	Frag. Control (FC)
	Type of RLC SDU segment

	00
	Un-segmented

	01
	First

	10
	Last

	11
	Continuing


Table 1: Frag Control Header Field Options

· Extension Flag (E): This 1-bit flag is set if another PDCP PDU or PDU segment is present in the RLC PDU. Again, this field is required only if there is multiple PDCP PDU or PDU segments present in the RLC PDU. 

· Length (Len): This 12-bit field specifies the length of the corresponding PDCP PDU segment. A 12-bit field supports RLC SDUs up to 4096 bytes. Note that no Length field is required if the RLC PDU contains only one RLC SDU segment. In this case, the length field can be derived from the RLC PDU identification header. When the Extension Flag is set to 0 for the last PDCP segment, the length can be derived from the RLC PDU identification header and the previous SDU re-assembly headers. This can also serve as an indicator for whether the length field is specified in this SDU re-assembly header. When there is no length field specified the highest 4-bits of the length field are treated as don’t care and the RLC SDU reassembly header will be of at most 1-byte size.  
In our proposal, the fragment control is used to indicate if the associated PDCP segment is un-segmented, first, last or continuing. Also, we have two optimizations for decreasing the RLC reassembly header to either 0 byte or 1 byte for the case when there is only 1 RLC SDU or RLC SDU fragment present. 
Proposal 3: The RLC SDU reassembly header is individually associated with each PDCP PDU segment contained in the RLC PDU.
Proposal 4: If the RLC PDU contains only 1 complete PDCP PDU, there is no need for a RLC SDU reassembly header. This condition is identified when the SDUseg flag is set to 0 in the RLC PDU Identification Header.

Proposal 5: If the RLC PDU contains 1 or more PDCP PDU segments, the sub-header corresponding to the last PDCP segment has no length field specified and is of size 1-byte. When the condition in Proposal 4 occurs, Proposal 5 is not used. 

3.3 MAC Header Format
Since the logical channel identifier and the length field associated with the RLC PDU corresponding to the logical channel have already been specified in the RLC header, there is no need for an explicit MAC header in our proposal. Thus, the MAC layer will mainly perform multiplexing/de-multiplexing of the different RLC PDUs and scheduling associated with the different radio bearers.
4 Conclusion

This document proposes a PDCP/RLC/MAC header format for LTE. It supports segmentation, concatenation, multiplexing and re-segmentation. The format of RLC status messages has not been described and is for further study.
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6 Appendix A – Header Formats
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Figure 4: Generic PDCP/RLC/MAC PDU header with data of two or more RLC SDUs  
in a single RLC PDU with no resegmentation (only 1 LC Id)
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Figure 5: Example of a PDCP/RLC/MAC PDU header with only 1 complete PDCP PDU in a RLC PDU with no re-segmentation. The PDCP PDU is not segmented and so there is no RLC SDU reassembly header.
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Figure 6: Example of a PDCP/RLC/MAC PDU header with only 1 PDCP PDU in a RLC PDU with no re-segmentation. The PDCP PDU is segmented and so there is a 1-byte RLC SDU reassembly header.
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Figure 7: Generic Header for a Re-segmented RLC PDU. This is the first segment (contains the RLC SDU Reassembly Header).


[image: image8.emf]3/4 bytes 2 bytes

RLC PDU Header Format

Payload Fragment

S

e

g

m

e

n

t

 

O

f

f

s

e

t

 

(

1

5

)

E

F

 

(

1

)

Refrag 

Header

L

C

 

I

d

(

4

)

L

e

n

 

(

1

2

)

D

/

C

 

(

1

)

F

/

R

 

(

1

)

S

N

 

(

3

/

1

1

)

P

o

l

l

 

(

1

)

R

e

s

e

g

 

(

1

)

S

D

U

s

e

g

 

(

1

)

Payload Fragment


Figure 8: Generic Header for a Re-segmented RLC PDU. This corresponds to any segment after the first. Therefore, it may not contain the RLC SDU Reassembly Header but it does contain the Reseg Header.

� EMBED Visio.Drawing.11  ���









6/7
2007-06-19

[image: image9.emf]Sequence 

Number

PDCP SDU after RoHC

MAC

(Possibly

optional)

PDCP SDU after RoHC

PDCP PDU Format

[image: image10.emf]Sequence 

Number

PDCP SDU after RoHC

MAC

(Possibly

optional)

PDCP SDU after RoHC

PDCP PDU Format

_1243706176.vsd
3/4 bytes


2 bytes


RLC PDU Header Format


PDCP PDU/s (or) PDCP PDU fragment/s  


RLC SDU/s (PDCP PDUs)


Segment
Offset (15)


EF (1)


Ext (1)


0 byte (or) 1 
byte (or) 
(2*RLC SDU frag) bytes


Optional
(Refrag 
Header)


Dynamic 
(Frag PDCP 
PDUs)


FC (2)


Rsrv (1)


Len (12)


LC Id(4)


Len (12)


D/C (1)


C/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)



_1243761547.vsd
3/4 bytes


RLC PDU Header Format


PDCP PDU fragment


Don’t Care (4)


Ext (1)


1 byte


Dynamic 
(Frag PDCP 
PDUs)


FC (2)


Rsrv (1)


LC Id(4)


Len (12)


D/C (1)


F/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)


PDCP PDU fragment



_1243761693.vsd
3/4 bytes


RLC PDU Header Format


RLC SDU/s (PDCP PDUs)


Ext (1)


(2*RLC
   SDU frag) 
bytes


Dynamic 
(Frag PDCP 
PDUs)


FC (2)


Rsrv (1)


Len (12)


LC Id(4)


Len (12)


D/C (1)


F/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)


RLC SDU/s (PDCP PDUs)



_1243761475.vsd
3/4 bytes


2 bytes


RLC PDU Header Format


Payload Fragment


Segment 
Offset (15)


EF (1)


Ext (1)


(2*RLC
   SDU frag) 
bytes


Refrag 
Header


Dynamic 
(Frag PDCP 
PDUs)


FC (2)


Rsrv (1)


Len (12)


LC Id(4)


Len (12)


D/C (1)


F/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)


Payload Fragment



_1243761511.vsd
3/4 bytes


2 bytes


RLC PDU Header Format


Payload Fragment


Segment 
Offset (15)


EF (1)


Refrag 
Header


LC Id(4)


Len (12)


D/C (1)


F/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)


Payload Fragment



_1243755764.vsd
Sequence 
Number


PDCP SDU after RoHC


MAC
(Possibly
optional)


PDCP SDU after RoHC


PDCP PDU Format



_1225085867.vsd
RLC header


RLC PDU


...


...


n


n+1


n+2


n+3


RLC SDU



_1243693600.vsd
3/4 bytes


RLC PDU Header Format


RLC SDU/s (PDCP PDUs)


LC Id(4)


Len (12)


D/C (1)


F/R (1)


SN (3/11)


Poll (1)


Reseg (1)


SDUseg (1)


Sequence 
Number


PDCP SDU after RoHC


MAC



