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1
Introduction

In this contribution, we highlight some issues that need to be taken into account while discussing RLC/MAC header structure.
2
Discussion

In [2], RLC segmentation and reassembly support is discussed and two approaches are identified:
· 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 
· 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
In this contribution, we discuss in more details some aspects of these two alternatives. 
In [1], it is stated:

Upon handover, the source eNB forwards all downlink RLC SDUs, starting from the first SDU that has not been successfully received by the UE, to the target eNB. The source eNB discards any remaining downlink RLC PDUs. The target eNB re-transmits all downlink RLC SDUs forwarded by the source eNB. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB. Support of re-ordering of downlink RLC SDUs during handover, which either the target eNB or the UE could provide (e.g. based on PDCP sequence numbers), is FFS. The optimisation, to only re-transmit the downlink RLC SDUs not successfully received by the UE, is FFS.

In practice this means that eNB needs to keep the RLC SDUs buffered for eventual forwarding until the whole SDU (possibly transmitted in several segments) has been successfully delivered to UE. If PDU sequence numbers are used in RLC PDU headers (and for indicating the data to be retransmitted) then the transmitting RLC layer either needs to:
· Buffer RLC PDUs in the transmitter. As RLC SDUs need to be buffered for handover purposes, this implies double buffering, that should be avoided.

· Keep track of the original segmentation decisions to determine sequence of bytes to be retransmitted in the transmitter. 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 the information about past segmentation is only useful for mapping the RLC PDU SN to the lost sequence of bytes in the RLC SDU. Thus if a scheme that does not require such bookkeeping is available, this bookkeeping should not be required.
The alternative where RLC SDU sequence number together with offset and length are used to indicate the location of the RLC segment in the original RLC SDU fits in naturally with the buffering of RLC SDUs. If a retransmission is needed, the missing sequence of bytes is extracted from the RLC SDU and the segmentation is done based on the TB size available for retransmission without considering the segmentation done for earlier transmissions.  No additional fields for resegmentation are required, nor is it necessary to buffer RLC PDUs or keep track of the old segmentation decisions. In the receiver, if some part in the middle of the SDU is missed, the amount of missing data is known precisely which allows reserving in the reassembly precisely the amount of memory needed for the missing part.
It can be argued that the use of RLC SDU SN instead of the RLC PDU SN introduces overhead in the case when several SDUs are concatenated into a single PDU. Two sources of overhead can be identified:

· Overhead from having several SDU SNs in one PDU: This is not an issue as only the first RLC SDU SN is included.
· Overhead due to the need to increase the length of the SDU SN, as the SDU SN increases more rapidly when SDUs are concatenated. This is analyzed more in detail below.
It is true that in theory the SDU SN will be incremented more quickly than PDU SN when SDUs are concatenated. However, a more quantitative analysis shows that this increase does not add significant overhead. Given the number of SDUs to be concatenated in one PDU is N, the number of extra bits needed in SDU SN w.r.t. PDU SN is ceil(log2(N)).  Figure 1 shows how the overhead per PDU increases as the number of concatenated SDUs is increased.
The overhead per PDU is not more than a couple of bits for practical use scenarios. Such small savings (much less than 8 bits for all practical scenarios) might not be realizable in practice e.g. due to need for octet alignment. If it is seen necessary to have such small reductions in protocol overheads, then other optimization possibilities providing potentially larger gains such as PDCP SN reuse should also be investigated thoroughly.
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Figure 1: Overhead in concatenation when using SDU SN instead of PDU SN

4
Conclusions

In this contribution, we highlighted some issues that need to be taken into account while discussing RLC/MAC header structure. We discuss the implementation advantages of using an offset (OFFSET) and length (LEN), which indicate the position and length of the RLC segment in the original RLC SDU in byte resolution. We also analyze the overhead caused by concatenation when SDU SN is used.
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