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1
Introduction
This document discusses the RLC header structure and shows an example PDU format for discussion based on the agreements in [1]. 
2 Discussion
2.1
Services and Functions of RLC Sub-layer
According to [1], the main services and functions of the RLC sublayer are:
-
Transfer of upper layer PDUs supporting AM or UM;

-
TM data transfer;

-
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;

-
Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the new TB used for retransmission then the RLC PDU is re-segmented;

-
The number of re-segmentation is not limited;

-
Concatenation of SDUs 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;

-
Reset.

These can be roughly classified as follows: 

· Support of in-sequence delivery and duplication detection requires a SN irrespective of AM or UM. The support of ARQ can rely on the same SN.

· Support of segmentation/concatenation requires additional header field to indicate the relation between RLC SDU and RLC PDU irrespective of AM or UM. The above-mentioned SN is also used for this support.
· Support of re-segmentation, the number of which is not limited requires additional header field for AM.
· Other functions do not require any additional RLC header fields.
Proposal 1: RLC header supports a sequence number and segmentation/concatenation irrespective of AM or UM. In addition, only for AM, re-segmentation and ARQ-specific function (e.g. polling) is supported.
As it has been agreed that concatenation is done in sequence [1], the concatenation can be supported by indicating the length of each concatenated block (e.g. RLC SDU or segment) and whether further block is concatenated or not. Furthermore, the segmentation occurs only for the first and last concatenated blocks, and it needs to be indicated. As an obvious optimization, the length field of the last concatenated RLC SDU/segment can be omitted as the size of RLC PDU, which is the concatenation of all RLC SDUs/segments, is indicated in the MAC header [2].
Proposal 2: For concatenation, RLC header indicates the length of each concatenated block (e.g. RLC SDU or segment) and whether further block is concatenated or not. For segmentation, the RLC header has indicates whether the segmentation is done or not on the first and the last concatenated block. As an obvious optimization, the length field of the last concatenated block can be omitted if the MAC header indicates the size of each RLC PDU.

Furthermore, in the RLC header, the remaining controversial issues are how to support re-segmentation and whether using different header formats for AM and UM is beneficial or not. They are discussed in the following sub-sections. 
2.2
Starting Point of the Discussion
In RAN2#56, following decisions were made regarding the RLC resegmentation:

· RLC SN and PDCP SN will be kept separate for the design phase; the possibility to further optimise this by re-using the same SN field (compressed overall PDCP + RLC header) will be studied at a later phase as an optimisation

· RLC SN will number RLC PDUs

· A number of re-segmentations > 1 shall be supported.
Even after decision of the PDCP relocation to eNB in RAN2#57, these decisions can be assumed as a starting point. Then, the first issue for further discussion is the header structure for resegmentation. The second issue is whether header optimization should be done or not, and on which point the header structure should be optimized.

Proposal 3: The decisions made in RAN2#56 are used for the starting point of the discussion. 

Note: PDCP SN reuse can be considered as a useful option especially when the size of RLC SDU is small, such as VoIP packet.

2.3
Resegmentation
When considering the header overhead, the main emphasis should be on minimizing the overhead in most typical case, namely in the first transmission. Thus, the header fields that are required only for re-segmentation should be minimized in the RLC header of the first transmission.
Proposal 4: The RLC header should be designed to minimize the overhead in the first transmission. The header fields that are required only for re-segmentation should be minimized in the RLC header of the first transmission.

Then, the next decision point is the details of the resegmentation header. There have been several proposals in [3], and mainly two points to be discussed for agreement. 

The first point is whether to use offset or sub-sequence number. Offset indicates the position relatively to the original PDU and a sub-sequence number enumerate the segments of the original PDU. These alternatives should be evaluated e.g. from complexity and protocol overhead point of view. According to the analysis in [3], they have equal overhead in the first transmission, and the impact on the overhead difference would be second-order effect. In general, the offset field needs to be large enough, the length of which is log2(max # of octets in original PDU), while the sub-SN field length can be log2(max # of segments for original PDU). On the other hand, as the number of resegmentation increases, the overhead by sub-SN is expected to increase, while the single offset field can support multiple re-segmentations without limitation. 

Discussion 1: Whether to use offset or sub-SN for resegmentation header need to be discussed for agreement. 

The second point is whether the original RLC PDU header should be encapsulated in the re-segmented PDU payloads or reconfigured for resegmentaion. Irrespective of which approach to take, the length of each concatenated RLC SDU segment needs to be indicated somewhere in re-segmented PDUs. Thus, the total header overhead of both approaches would be the same. The encapsulation scheme would require less amount of header processing. On the other hand, each re-segmented segment is self-decodable only in non-encapsulation scheme.

Discussion 2: Whether the original RLC PDU header should be encapsulated in the re-segmented PDU payloads or reconfigured for resegmentaion need to be discussed.

2.4
Optimization of RLC Header Structure
In general, optimization of RLC header is about using different RLC headers for different types of services. Defining different RLC headers for AM and UM is one of these approaches. However, according to Proposals 1 and 4, the difference between AM and UM in the header would be only the field for re-segmentation and the length of sequence number field, which would have only a minor effect on the overhead. Thus, the header optimization should not be between AM and UM in the first place.

On the other hand, similarly to the discussion in [2], the length field supporting a large SDU (e.g. 1500 octets RLC SDUs) is too long for a small SDU, such as a VoIP packet (e.g. at most 121 bytes even with WB AMR of 23.85kbps). Thus, the length field can be optimized more efficiently, and we propose to apply header optimization for “VoIP-like service”. Here, “VoIP-like services” are defined as UM services that produce only short SDUs. For example, the size of length field can be even 7, or 8 bits for VoIP and other similar services while 11 bits is required for services using 1500 octet SDU. Furthermore, shorter SN field can be used for UM than AM, and no polling bit is needed. 
Proposal 5: RLC header optimization should be considered for VoIP-like services that use short SDUs and no RLC retransmissions. No specific optimization for UM is necessary.
3
RLC PDU Structure
Smart packaging of header fields should be discussed after the necessary fields and sizes are agreed. Based on the proposals made above, EXAMPLE header structures are shown for facilitating the discussion. 
3.1
RLC PDU
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Figure 1 RLC PDU structure for data

An example RLC PDU structures are shown in Fig. 1 where the MAC data PDU header discussed in [2] are also visible in grey. Each field is explained as follows:

· E (Extension): This flag is used for indicating that there is one more concatenated block following as discussed in Proposal 2. If this E flag is on, the length field for the concatenated block follows.

· Length: This indicates the length of each concatenated block. The length field for the last concatenated block can be omitted as discussed in Proposal 2.
Although 11 bits are sufficient for supporting 1500 octets, octet alignment also needs to be considered. Fig.1 shows 15-bit length field as an example.
· R (Resegmentation): This flag indicates whether the PDU is an original RLC PDU or re-segmented RLC PDU. Thus, only 1 bit is the overhead due to the resegmentation in the first transmission as discussed in Proposal 4. 
· SI (Segmentation indicator): The first/second bit of SI indicates whether the beginning/end of the payload is an SDU border or segment border as discussed in Proposal 2.
· P (Polling): This flag is valid only for AM, and would be useful as discussed in Proposal 1
Polling by using a control PDU is also possible. However, if there is a room in the header, there would be no reason not to include the polling bit in all RLC PDU for simplicity. 

· PDU SN: SN is attached to each PDU as discussed in Proposal 3 as a starting point. 

For example, suppose that RLC PDU SN is different from PDCP SN, and used only for ARQ. Then, 3 HARQ retransmissions take 20ms with 5-ms HARQ latency. Then, ARQ reaction time is of the same order, and can be assumed to be 30 ms for instance. The ARQ status report takes another 20ms in the opposite direction. Thus, the total ARQ RTT is 70 ms, and 2 ARQ retransmissions take 210ms, which can be supported by 8-bit PDU SN. With 10-bit PDU SN, 4 times larger numbers of retransmissions than this example can be supported. 
· Optimization for VoIP-like service: Optimization is necessary as discussed in Proposal 5. As the optimization point for MAC header and RLC header would be the same [2], the optimization of RLC header can be also indicated by the MAC header. 
Discussion 3: The size of length field for each concatenated block needs to be discussed for agreement. As a reference, 11 bits are required to support 1500-octet RLC SDU but the octet-alignment of header needs to be also taken into account.
Discussion 4: The size of RLC PDU SN needs to be discussed for agreement. As a reference, 8 bits are at least necessary to support 2 ARQ retransmissions with 3 HARQ retransmissions without fast ARQ retransmission triggered by HARQ-ARQ interaction.
3.2
RLC Control PDU
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Figure 2 RLC PDU structure for control
As discussed in [2], we propose that the MAC header fields indicate the existence of RLC control PDU so that the processing of the control signal can start as soon as possible. In addition, because there is the length field in MAC header, RLC control PDU needs not to have any length field. Although 8 bits may be too long for control PDU indicator and may be shortened, octet-alignment of the header should be maintained.

4
Conclusions

We propose to make agreements by two steps. In the first step, let’s agree on what fields and how the RLC header should be designed. As discussed in Section 2, we have 5 proposals as follows:
Proposal 1: RLC header supports a sequence number and segmentation/concatenation irrespective of AM or UM. In addition, only for AM, re-segmentation and ARQ-specific function (e.g. polling) is supported.

Proposal 2: For concatenation, RLC header indicates the length of each concatenated block (e.g. RLC SDU or segment) and whether further block is concatenated or not. For segmentation, the RLC header has indicates whether the segmentation is done or not on the first and the last concatenated block. As an obvious optimization, the length field of the last concatenated block can be omitted.
Proposal 3: The decisions made in RAN2#56 are used for the starting point of the discussion. 
Proposal 4: The RLC header should be designed to minimize the overhead in the first transmission. The header fields that are required only for re-segmentation should be minimized in the RLC header of the first transmission.

Proposal 5: RLC header optimization should be considered for VoIP-like services that use short SDUs and no RLC retransmissions. No specific optimization for UM is necessary.
Then, we also found that there are several topics to be discussed for agreement as follows:

Discussion 1: Whether to use offset or sub-SN for resegmentation header need to be discussed for agreement. 

Discussion 2: Whether the original RLC PDU header should be encapsulated in the re-segmented PDU payloads or reconfigured for resegmentaion need to be discussed.

Discussion 3: The size of length field for each concatenated block needs to be discussed for agreement. As a reference, 11 bits are required to support 1500-octet RLC SDU but the octet-alignment of header needs to be also taken into account.
Discussion 4: The size of RLC PDU SN needs to be discussed for agreement. As a reference, 8 bits are at least necessary to support 2 ARQ retransmissions with 3 HARQ retransmissions without fast ARQ retransmission triggered by HARQ-ARQ interaction.
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