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Discussion and Decision

1
Introduction

In general, a PDU header contains the control information that the receiver requires for every PDU. This contribution goes through the functions of PDCP, RLC and MAC sub-layers to discuss, what kind of control information is required in the PDU headers.
2 Functions and PDU structure of PDCP
2.1
General
According to [1], the main functions, which require signalling certain control information to a peer entity every PDCP PDU, are 

-
Header compression and decompression: ROHC only;

-
In-sequence delivery of upper layer PDUs at HO in the uplink (FFS);

-
Ciphering of user plane data and control plane data (NAS Signalling);

-
Integrity protection of control plane data (NAS signalling);

-
Integrity protection of user plane data is FFS.

Thus, the PDCP receiver needs to know the following information every PDCP PDU. 
-
ROHC header;
-
A sequence number for in-sequence delivery, ciphering and integrity protection (PDCP SN);
2.2
PDCP PDU

PDCP PDU structure depends on whether the RLC sub-layer reuses PDCP SN or not. If PDCP SN is to be reused by the RLC sub-layer, it is delivered by the transport protocol between aGW and eNB

[image: image1.emf] IP header

(or Compressed 

one)

IP payload

RLC SDU

PDCP 

SN

PDCP PDU


Figure 1: PDCP PDU structure
Case 1 - RLC reuses and delivers PDCP SN
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Figure 2: PDCP PDU structure
Case 2 - RLC does not reuse nor deliver PDCP SN
3 Functions and PDU structure of RLC
3.1
General
According to [1], the main functions, which require signalling certain control information to a peer entity every RLC PDU, are:
-
Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);

-
Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;
-
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 is FFS;

-
In-sequence delivery of upper layer PDUs except at HO in the uplink;

-
Duplicate Detection;
In general, irrespective of the handling of PDCP SN, ARQ function has an ability to detect and point out in which SDU the data loss occurs. This means that by using the header information necessary for ARQ, in-sequence delivery and duplicate detection can be supported. Therefore, RLC PDU header should be designed so that ARQ, segmentation, resegmentation, and concatenation (FFS) can be supported.
3.2
RLC segmentation
Segmentation is necessary when packaging RLC SDU(s) into a transport block. In order to support segmentation and reassembly of RLC SDUs, two approaches can be considered.
· Use an offset (OFFSET) and length (LEN), which indicate the position and length of the RLC segment in the original RLC SDU in byte resolution [4].
· Use a SN (this may be short segment SN valid only in one SDU or a PDU SN) to indicate the order of RLC segments in the original RLC SDU [2].
When comparing these two options, we need to think about retransmissions. The size of a transport block (TB) changes dynamically depending on the scheduler decisions (multi-user scheduling, frequency domain scheduling of Physical resources), channel conditions (Adaptive Modulation and Coding) etc., and they may change between different ARQ transmission instances. Thus, at the new transmission instance segmentation into smaller segments is necessary if the new TB size is smaller, and less segmentation is needed using larger segments if the new TB size is larger.
In this sense, OFFSET and LEN have better segmentation capability and no additional fields for resegmentation are required, even if the decisions for segmentation of ARQ retransmissions differs from the segmentation decisions of the original transmission. This flexibility of segmentation also means that the RLC SDUs can be kept in the transmitter buffer and there is no need to store the RLC PDUs. The RLC PDUs and RLC segments would then only exist at any instance of transmission. Thus, we propose to use OFFSET and LEN for segmentation.
In addition, since the RLC segmentation is performed adaptively to the size of a TB, the length of each RLC segment needs to be signalled. Even if no segmentation is performed, the length of each RLC SDU also needs to be signalled.
Conclusion: 
· An offset (OFFSET), which indicates the position of the RLC segment in the original RLC SDU, needs to be signalled
· The length (LEN) of each segment or SDU (if no segmentation is done) , needs to be signalled. 
 3.3
RLC concatenation
If the RLC sub-layer performs the concatenation of RLC SDUs and RLC segments of the same radio bearer (logical channel), the MAC sub-layer needs to attach only one logical channel identifier (LCID) to the RLC PDU i.e. for the concatenated RLC SDUs and segments. Furthermore, if the RLC SN field is attached to the RLC PDU not to the RLC SDU, the RLC concatenation allows for the reduction of the number of RLC SNs that need to be sent over the air [2][5]. Thus, only one RLC SN field should be sent in one RLC PDU. If RLC SN is the PDU SN, it is clear. If RLC SN is the RLC SDU SN, the SN of the first RLC SDU should be sent.
Thus, RLC concatenation of RLC segments and RLC SDUs should be supported. The block created by the concatenation is referred to as a RLC PDU. Since the length of both RLC SDU and RLC segment are signalled already in the header, the concatenation additionally requires only one extension bit (E) per SDU or segment to indicate the existence of a following SDU or segment. Furthermore, whether each concatenated block is a RLC segment or a RLC SDU needs to be signalled to the receiver. Since concatenation is done in the sequential order, only the first and last blocks can be a segment. In order to signal this, two-bits segmentation indicator (SI) per RLC PDU is necessary [2]. Thus, it is possible to concatenate any amount of missing sequence of bytes from the sequential segments of a SDU to the retransmission.
Furthermore, when considering the ARQ retransmission, there exist situations, where retransmission of missing sequence of bytes from non-sequential segments is required. This is, however, not an issue for the proposed concatenation scheme, as each non-sequential set of missing sequence of bytes may be delivered as a separate RLC PDU, which is then multiplexed at MAC to the same TB. Because the probability of retransmission is not very high (1-10%), the overhead increase is not high. 
Conclusion: 
· The RLC sub-layer supports concatenation of sequential RLC SDUs and RLC segments of the same radio bearer.
· One extension bit (E) per one SDU or segment is necessary. 
· There should be only one RLC SN field per RLC PDU.
3.4
ARQ retransmissions
If ARQ retransmission is performed at the RLC SDU level, the recovery of one lost RLC segment requires a retransmission of all other successfully transmitted RLC segments. If the RLC SDU size is much larger than the transport block (TB) size, the loss of spectral efficiency is considerable [3]. Thus, RLC should be able to retransmit any number of missing sequence of bytes from the RLC SDU.
In terms of concatenation, the HARQ processes and decoding errors will cause data loss at the TB level. Therefore, the ARQ retransmission can be requested at the resolution of missing sequence of bytes of the RLC SDU. If the ARQ retransmissions were done in the RLC PDUs, it would additionally require storing of the RLC PDUs in the transmitter. We see that it is better to store the data purely in the form of RLC SDUs in the buffer and allow any flexible segmentation.
Thus, we conclude that using a RLC segment, not a RLC PDU, for ARQ retransmissions is a preferred scheme. Furthermore, the RLC SN should be the SDU SN, not the PDU SN. Segmentation is then always performed according to the current size of the TB, regardless of what it was in the previous transmission. If the PDU SN were used instead, the retransmission would be bound exactly to the previous segments or would cause resegmentation and renumbering of segments.
Conclusion: 
· ARQ retransmissions can be handled in the resolution of missing sequence of bytes of the SDU.
· RLC SN should be RLC SDU SN of the first SDU included, not RLC PDU SN. 

· RLC SN + OFFSET + LEN are used to indicate the missing sequence of bytes of the SDU for the ARQ retransmissions.
3.5
Unacknowledged mode (UM)

When discussing the RLC PDU structure for UM, we need to agree on what functions are supported by UM. Since many types of applications may use UM and there will be a variety of IP packet size, we assume that UM supports all functions of AM except the ARQ. Thus, there is no point to use different header structure for UM and AM.
Conclusion: 
· UM supports segmentation and concatenation. 
· UM and AM use the same RLC PDU header structure.
3.6
RLC PDU structure

From the discussions above, we propose the RLC PDU structure in Figures 3 and 4, where the Header fields are indicated in blue and the RLC data in white. For each concatenated block, length (LEN) and extension bit (E) are used. Since the concatenation is done in the order of RLC SDUs, only the first and last concatenated blocks may be RLC segments. This is signalled by using two bits of segmentation indicator (SI). Since the last block is always the first segment of a RLC SDU or a full RLC SDU, the offset (OFFSET) is not required. Only if the first concatenated block is a RLC segment, one OFFSET field appears per RLC PDU. In case of several missing RLC segments, which are non-consecutive, separate RLC PDUs may be created.

Please note that when considering the actual number of bits for the header fields, the RLC SDUs and RLC segments must to be byte aligned individually.
Conclusion: Headers at different protocol layers should be byte aligned 
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Figure 4: RLC PDU structure
Case1 - the first concatenated block is a RLC SDU
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Figure 5: RLC PDU structure
Case 2 - the first concatenated block is a RLC segment
4 Functions and PDU structure of MAC
4.1
General
According to [1], the main functions, which require signalling certain control information to a peer entity every MAC PDU, are

-
Multiplexing/demultiplexing of RLC PDUs belonging to one or different radio bearers into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Error correction through HARQ;

-
Padding (FFS);

-
In-sequence delivery of RLC PDUs if RLC cannot handle the out of sequence delivery caused by HARQ (FFS).

As explained in section 3, since the RLC sub-layer can handle the out of sequence delivery caused by HARQ, we think MAC does not need to support in-sequence delivery. Thus, no sequence number is necessary in MAC PDU header.
4.2
Multiplexing of logical channels

In addition to the multiplexing of different logical channels, as discussed in subsection 3.3, the MAC sub-layer should support multiplexing of RLC PDUs from the same logical channel. 

For the multiplexing of logical channels, logical channel identifier (LCID) is necessary per one RLC PDU. Then, as discussed in Section 5, 1 bit to indicate data or control (D/C) should be added at the MAC level.
It is FFS whether an extension bit or length indicator are required.

Conclusion: LCID and D/C are at least necessary per RLC PDU to be multiplexed. 
4.3
MAC Data PDU structure
For the multiplexing of logical channels, logical channel identifier (LCID) is necessary per MAC SDU. The reason to have D/C field for indicating data and control at the MAC level is further explained in the next section.


[image: image5.emf]LCID MAC SDU D/C

MAC D-PDU


Figure 6: MAC data PDU structure
.
5 Control signal of RLC/MAC
5.1
General
Each sub-layer requires peer-to-peer control signals to support its functions. There are several reasons that RLC and MAC may benefit from having the same C-PDU format.
· Both RLC and MAC are located at eNB.

· If the same C-PDU format is used for RLC and MAC, this allows them to use a common C/D bit to indicate that it is a control PDU.
· To reduce the delay of control signal, C-PDU should be detected as fast as possible, thus at MAC sub-layer.
Thus, the necessary header fields of the C-PDU in addition to the D/C-field are the C-PDU type and the length indicator (LEN). The detailed structure of the payload of the control PDU should be dependent of the control signal contents. 
Conclusion: 
· RLC and MAC will use a common control PDU format.
· C-PDU type and LEN should be contained in the C-PDU header.
5.2
RLC/MAC C-PDU structure
Control signals can have their own specific signal structure. The only rule needed is to have a common header field format to indicate the C-PDU types, to be defined later.
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Figure 7: Control PDU structure
5.3
MAC PDU
Because the length of the C-PDUs and those of the RLC PDUs is told by the information carried in LEN and Extension bits, the PDUs can easily be concatenated without additional header fields. Different transmission instances of the same radio bearer, which are different ARQ transmission/retransmission blocks, can be also concatenated in this manner. 
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Figure 8: The MAC PDU structure
6
Conclusions

Headers at different protocol layers should be byte aligned.
PDCP sub-layer

· The PDCP protocol creates the PDCP SNs;
· The PDCP SN may be contained in the PDCP header, but in case the PDCP SN is intended to be re-used by the RLC sub-layer, the PDCP PDU header does not need to include the PDCP SN field.
RLC sub-layer

· The OFFSET and LEN fields per RLC segment allows for flexible segmentation;
· The length (LEN) field of each segment or SDU (if no segmentation is done) is necessary;
· The RLC sub-layer supports concatenation of sequential RLC SDUs and RLC segments of the same radio bearer;
· One extension bit (E) per one SDU or segment is necessary for concatenation;
· There should be only one RLC SN field per one RLC PDU: the SN of the first SDU included;
· ARQ retransmissions should happen in the resolution of missing sequence of bytes of the SDU;
· RLC SN + OFFSET + LEN are used to indicate the missing sequence of bytes of the SDU;
· UM supports segmentation and concatenation;
· UM and AM use the same RLC PDU header structure.
MAC sub-layer
· LCID and D/C are sufficient for multiplexing of logical channels;
· Additional Length or Extension bits are FFS.
Control signal

· RLC and MAC use the common control PDU format;
· C-PDU type and LEN should be contained in the C-PDU header;
· The D/C field is necessary both for the C-PDU and for the MAC D-PDU to indicate whether that PDU is for data or control.
References
[1] RP-060603, E-UTRAN Stage 2 v.0.0.4
[2] R2-062145, “Concatenation of IP packets at RLC layer”, Panasonic
[3] R2-060901, “Upper ARQ and HARQ for LTE”, NTT DoCoMo Inc.
[4] R2-060827, “Segmentation in E-UTRAN”, Nokia 
[5] R2-062167, “L2 Framing for LTE”, NTT DoCoMo Inc., Ericsson, LG Electronics Inc.
[6] R2-061399, “RLC retransmission unit, re-segmentation and sequence numbering”, Ericsson
Text proposal related to MAC in [1]
6.1.1
Services and Functions

The main services and functions of the MAC sublayer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of RLC PDUs belonging to one or different radio bearers into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Traffic volume measurement reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

-
Mapping of Access Classes to Access Service Classes (FFS for RACH);

-
Padding (FFS);
· RLC and MAC use the common control PDU format.

NOTE: 
How the multiplexing relates to the QoS of the multiplexed logical channels is FFS.
Text proposal related to RLC in [1]
6.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM or UM;

-
TM data transfer (FFS);

-
Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);
-
ARQ retransmissions should happen in the resolution of missing sequence of bytes of the SDU;
-
Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;


-
Concatenation of sequential SDUs and segments for the same radio bearer;

-
In-sequence delivery of upper layer PDUs except at HO in the uplink;

-
Duplicate Detection;

-
Protocol error detection and recovery;

-
Flow Control between eNB and UE (FFS);

-
SDU discard (FFS);

-
Reset.
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