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1 Introduction

In RAN2#57 the base line header for MAC-ehs was agreed. The base line header is shown in Figure 1. It contains segmentation indication, logical channel indication, TSN and Length field per MAC-hs SDU. 
It has been argued that the header overhead of the base line header could be optimized by 0.5-1.5%. It is also worth noting that the current base line MA C-ehs header has always bigger protocol overhead than the Rel-6 MAC-hs format for RLC PDUs of equal size. The total L2 overhead (MAC +RLC) can be smaller for the enhanced protocols, if the used RLC PDU size is large enough
. 
In this document we propose a single optimization that reduces the header overhead and in our opinion simplies and rationalizes the protocol operation. We also discuss further header optimizations, which would reduce the MAC-ehs protocol overhead even further.
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Figure 1: Base line header for MAC-ehs. 
2 Optimization 1: Reducing the number of TSN fields
Frequently the MAC-ehs PDU contains several MAC-ehs SDUs intended for the same reordering queue, in which case transmitting TSNs for each MAC-ehs SDU could lead to MAC-ehs stalling due to limited number of available TSNs. 
One possible solution is to repeat the same value of the TSN for each MAC-ehs SDU intended for the same reordering queue. Obviously this solution leads unnecessary protocol overhead, as the TSN value is repeated unnecessarily. 

We feel that the solution of repeating the TSN values leads also to unnecessary complexity, as the receiver needs to know how to handle MAC-ehs with equal TSNs.
We propose to agree to:

Proposal 1: there is one TSN per reordering queue in the MAC-hs header.

In this case, there will be several MAC-hs SDUs addressed by a single TSN, and the reordering will have to operate based on the received TSN and a set of MAC-hs SDUs (consisting of all SDUs intended for the same reordering queue). For simplicity, we call this set of MAC-hs SDUs a reordering PDU.
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Figure 2: Reordering PDU. Note that the MAC-ehs SDUs in the figure can be also segments of MAC-ehs SDUs.
The presence of the TSN field can be either indicated with

· An explicit F field 

· By determining from the LCH-ID if the corresponding MAC-ehs SDU belongs to the same reordering queue as the previous MAC-ehs SDU.

The proposing companies do not have a strong preference for either solution.

The inclusion of a single TSN field per reordering PDU leads to a simpler protocol operation, as 

· it is not necessary to repeat the same TSN value for several MAC-ehs SDUs (or segments of SDUs) in order to avoid TSN window stalling. For the base line header this is necessary 

The resulting header is shown in Figure 3. There is at least one set of LCH-ID, TSN, SI, L and F fields. The LCH-ID, L and SI fields are repeated for each MAC-ehs SDU (or segment of MAC-ehs SDU). The F field is used to indicate the precence of TSN field in the next part of the header. 
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Figure 3: MAC-ehs header for optimization 1. 

3 Optimization 2: Reducing the number of SI fields

Similarly to the TSN field, repeating the segmentation indication for the different SDUs belonging to the a single priority queue seems unnecessary, as only the last and the first SDUs can be segmented. There are never more than 2 segments in the reordering PDU. By definition of a priority queue, data (i.e. complete SDUs) from all logical channels multiplexed into a queue have the same priority and SDUs that have the same priority should be processed on a “first-in/first-out” basis. There is no reason to do otherwise. If some SDUs are somehow more important than others, they should go in a different priority queue (with higher priority). Thus (if SDUs are processed on a “first-in/first-out” basis), segments can only occur at the beginning and at the end of the reordering PDU.

Thus we propose to 

Proposal 2: discuss the benefit of having one SI per reordering queue in the MAC-hs header, and if found agreeable, agree to having one SI per reordering queue.
Note that if optimization 2 is done in addition to optimization 1, there is never need to include any header padding with 6 bit TSN and 2 bit SI.

Similarly to the TSN, the presence of the SI field can be either indicated with

· An explicit F field 

· By determining from the LCH-ID if the corresponding MAC-ehs SDU belongs to the same reordering queue as the previous MAC-ehs SDU.

Again the proposing companies do not have a strong preference for either solution.

The inclusion of a single SI field per reordering PDU leads to a simpler protocol operation, as 

· the segmentation only occurs naturally for the first and last MAC-ehs SDUs from a single priority queue, a single SI per priority queue is preferable.

The resulting header for combined optimization 1 and 2 is shown in Figure 4. There is at least one set of LCH-ID, TSN, SI, L and F fields. The LCH-ID, L and F (FFS) fields are repeated for each MAC-ehs SDU (or segment of MAC-ehs SDU). The SI field indicates if the first or the last MAC-hs SDU of the set of MAC-hs SDUs (corresponding to a reordering PDU) is segmented. If the F flag is used, it indicates the presence of both TSN and SI fields
.
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Figure 4: Optimized header for combined optimizations 1+2. 

4 Optimization 3: Reducing the number of LCH-ID fields
In a typical case, when operating at high data rates, there are several MAC-ehs SDUs (or segments of MAC-ehs SDUs) from the same logical channel in a single MAC-ehs PDU. Thus from protocol overhead point of view it would be beneficial to avoid repeating the LCH-ID.

The optimization to avoid repeating the LCH-ID is similar to the optimization to avoid repeating the TSN and SI fields. However, there is one slight difference
· The presence of the LCH-ID needs to be indicated by an explicit flag in the header. 
It should also be noted that there may be several ways to optimize the LCH-ID field, e.g. by considering LCH-ID field together with L field.
Proposal 3: discuss the benefit of reducing the number of LCH-ID fields, and if found agreeable, agree to optimizing the number of LCH-ID fields. 
5 Evaluation of header overhead

The total L2 (RLC + MAC) header overhead for MAC-hs and MAC-ehs is shown in Figure 5 when data is transmitted from one logical channel. For MAC-ehs, the RLC PDU size is assumed to be fixed to 656 bits in all figures. For MAC-ehs, we show header overhead for maximum RLC PDU sizes between 656 and 5136 bits for baseline header, optimized header (optimization 1) and further optimized header (optimization 1+2).
For high data rates, the baseline header has higher header overhead than MAC-hs for maximum RLC PDU sizes of 656 and 1296 bits, while the optimized headers already reduce the header overhead for the maximum RLC PDU size of 1296 bits. For larger maximum RLC PDU sizes even the baseline MAC-ehs header has smaller header overhead than MAC-hs.
It should also be noted that the reduction in the header overhead obtained by the optimizations is largest for small maximum RLC PDU sizes, and that as long as there is only one MAC-ehs SDU (or segment of MAC-ehs SDU per PDU) there is no gain from any of the optimizations.
Note that the calculation does not include overhead due to padding for MAC-hs. It is expexted that in many cases the overhead caused by padding can be significantly larger than the header overhead. Thus even though the header overhead is in some cases larger for MAC-ehs than for MAC-hs, the total protocol efficiency (including header overhead and padding) of MAC-ehs can still be better.
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Figure 5: Header overhead for baseline MAC-ehs and optimizations 1-3 compared to the Rel-6 MAC-hs header overhead. 
6 Conclusion
In this contribution we have presented three optimizations for the baseline MAC-ehs header. The first optimization is based on 

Proposal 1: there is one TSN per reordering queue in the MAC-hs header.
Compared to the baseline header, the resulting protocol operation is simplified by 

· not having to repeat the same TSN value for several MAC-ehs SDUs (or segments of MAC-ehs SDUs) in order to avoid TSN window stalling

In addition the header overhead is reduced by up to 0.75%-points for small to medium maximum RLC PDU sizes.

The second optimization is based on 

Proposal 2: discuss the benefit of having one SI per reordering queue in the MAC-hs header, and if found agreeable agree to having one SI per reordering queue.
Compared to the baseline header, the resulting protocol operation is simplified by

· having the segmentation information only for MAC-ehs SDUs that actually can be segmented

When proposal 2 is combined with the proposal 1, 

· the header is always octet aligned without padding

· the header overhead is reduced by up to 1%-points compared to the baseline header

The third optimization is based on avoiding the unnecessary transmission of the LCH-ID field for the MAC-ehs SDUs belonging to the same logical channel. As it is expected that the majority of the data for high data rates originates from the same logical channel, this should be a common case. 

Proposal 3: discuss the benefit of reducing the number of LCH-ID fields, and if found agreeable, agree to optimizing the number of LCH-ID fields. 
By not transmitting redundant LCH-ID fields, it is possible to reduce the MAC-ehs overhead by further up to 1.5%-points compared to the baseline header for the small to medium maximum RLC PDU sizes. Note that there may be other methods to optimize the LCH-ID field, possibly providing different gains.

































































































































� It should also be noted that the flexible RLC PDU size allows reduced padding, which can result in significant reduction in the number of transmitted bits.


� It would also be possible to indicate the TSN and SI fields separately with 2 bit F field, but this is not proposed by supporting companies.
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