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1 Introduction

During RAN2 Meeting #57 in St. Louis, there was considerable discussion on the rationale for MAC-ehs header optimisations. In this document we explain our reasoning and propose a way forward.
2 L2+ Operational Assumptions
As mentioned in R2-070512, there are two basic assumptions on how the system will work with the enhanced Layer 2. The gains obtained from the header optimisations are somewhat dependent on these assumptions, therefore it is beneficial to briefly consider both.

One assumption relies on an adaptive RLC that adapts the RLC PDU size say to the throughput. This means that with very high data rates, the RLC PDU size used would be significantly greater than the sizes typically used with the Rel-6 RLC. This option requires an intelligent RNC implementation that works with changing radio conditions (e.g. a drop in throughput) and reduce the RLC PDU size if needed. Furthermore, the RNC would need to be conservative enough to allow a retransmission of an RLC PDU without excessive segmentation in the MAC-ehs.
The other assumption relies on a typical RLC PDU size. This assumption works pretty much like Rel-6 where the size is fixed in most cases and is only large enough to avoid the RLC window stalling at high data rates. However, the typical RLC size chosen would be also small enough to avoid excessive segmentation at the MAC-ehs level.
These modes of operation are important to discuss because they have an impact to the processing requirement for the UE.
This processing requirement directly impacts the cost of the terminals, and is somewhat dependent on the data throughput. One the processing components is the number of RLC PDUs per TTI. Generally, the greater the RLC PDU the lower the processing required for the same throughput.
A typical function of the Layer 2 processing for a given throughput relative to the RLC PDU size is shown in Figure 1.
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Figure 1 - L2 processing required for given throughput with RLC PDU Size
The figure shows that for a particular throughput a larger RLC PDU size decreases the processing requirement for Layer 2. It also shows that for the same throughput there are diminishing returns as the RLC PDU size increases (i.e. less processing relief).
Nevertheless, the conclusion is that it is preferable to use bigger RLC PDUs as the data rate increases, due to the direct impact to the platform cost. This should be taken into account when considering enhancements to Layer 2.
In addition, the main reason to perform any RLC segmentation when MAC-ehs is introduced is to avoid retransmitting RLC SDU data segments already correctly received by the UE. The cause for this is the HARQ failure occurring at least to one MAC-ehs PDU, when the whole RLC PDU does not fit in one TTI. If HARQ failure occurs one or multiple MAC-ehs segments carrying the RLC PDU, the number of bits unnecessarily retransmitted by the RLC layer is reduced.
Generally, the probability of NACK to ACK errors or reaching the maximum number of retransmissions is very low. The main cause of HARQ error is the DTX to ACK error, as illustrated in Figure 2.
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Figure 2 - dtx_2_ack error scenario

The probability of DTX to ACK error is 1%, and the HS-SCCH misdetection probability is 1% (also 5% in PA3 channel). With these values, the error case probability is between 0.01% and 0.05%, which is very low. Therefore, one could conclude that allowing MAC-ehs segmentation of one RLC PDU up to 10 MAC-ehs PDUs would still give a reasonable system performance (Example: 4,000 bit RLC PDU segmentation would result in 10x400 MAC-ehs PDUs).
3 Layer 2 Performance Analysis
In this section we compare the Rel-6 Layer 2 with the two modes of operation described in the previous section. In our calculations we have considered the most typical case of multiple PDUs in one HS-DSCH TrBLK – all the PDUs are from the same logical channel.
At the RAN2 Meeting #57, several MAC-ehs header optimisations were proposed. The basic outline for these proposals is a MAC-ehs header compression mechanism where the MAC-ehs header is optimised to avoid the repetition of all fields in the header for every RLC PDU (e.g. TSN, LogCH ID and SI are not repeated for every RLC PDU).
Although some extra header fields are required to indicate if TSN, LogCH ID and SI are present or not, for simplicity in this contribution we assume the best case of header compression - i.e. only Length is repeated for each PDU. This assumption will gives an idea of the highest possible gains this kind of header optimisation can give.

If we consider the highest rate possible on a single HS-DSCH in Rel-7 (21.5Mbps approx. using 64QAM => TrBLK = 43,128 bits) that will give us the greatest overhead values out of all the rates possible due to increased number of PDUs in the system. Thus, considering a typical RLC SDU size of 1,500 bytes (12,000 bits), the Layer 2 overhead is presented in the subsequent sub-sections.
3.1 Rel-6 RLC

If we assume a sufficiently aggressive RLC RTT to use an RLC PDU of 1024 bits, at 21.5Mbps (approx) each HS-DSCH TrBLK would carry around 3.5 TCP packets. The total RLC overhead would be 768 bits, the MAC-hs header would be 21 bits and the padding would be of 99 bits. The total absolute Layer 2 overhead would be of 888 bits, which represents 2.05% overhead. The actual throughput at TCP level would be 21.12Mbps (approx).
3.2 Enhanced L2: Typical RLC mode
The calculations below assume a sufficiently aggressive RLC RTT to use an RLC PDU of 1024 bits, at MAC-ehs rate of 21.5 Mbps approx (TrBLK = 43,128 bits).

MAC-ehs without optimisations
If we assume a simple MAC-ehs implementation where the MAC-ehs header is repeated with every PDU, the RLC overhead will be 768 bits. The overhead at the MAC-ehs level will be 1,008 bits header and there is no padding (last RLC PDU is segmented).

These values give an absolute total Layer 2 overhead of 1776 bits, which represents 4.11% relative overhead. The actual TCP throughput will be 20.67 Mbps (approx).
MAC-ehs with optimisations
The RLC overhead will be the same as before (768 bits), and the MAC-ehs header overhead will be of 696 bits. Again there is no padding because the last RLC PDU is segmented. This gives an absolute total Layer 2 overhead of 1464 bits, which represents 3.39% relative overhead. The TCP throughput will be 20.83 Mbps (approx).
3.3 Enhanced L2: Adaptive RLC mode
Considering an intelligent RNC implementation that is able to adapt the RLC size, we assume a maximum RLC PDU size of 4,000 bits used with a MAC-ehs rate of 21.5 Mbps.

MAC-ehs without optimisations
In this case, the RLC overhead would be 240 bits and the repetition of the complete MAC-ehs header for each RLC PDU would create a MAC-ehs overhead of 264 bits. The total Layer 2 overhead would be of 504 bits, which represents 1.16% total overhead. The TCP throughput would be 21.3 Mbps (approx).
MAC-ehs with optimisations
Assuming the same header compression discussed in 3.2, the total RLC overhead would be 240 bits and the MAC-ehs overhead would be 144 bits. The total absolute overhead would be 384 bits, which represents a total relative overhead of 0.9%. The TCP throughput would be 21.37Mbps.
3.4 Optimised MAC-ehs header Compression
If RAN2 does decide that the performance of the enhanced layer 2 should be significantly improved in relation to the baseline (i.e. simple MAC-ehs with full header repetition), there would be one simple method that would allow us to achieve even better results than the ones currently discussed.

This method relies on configuring the maximum RLC PDU size (or typical RLC PDU size) via RRC. This allows the UE to know what RLC PDU size is being used without explicitely indicating it over the air for every PDU. Basically, the UE can utilise the knowledge of the maximum RLC PDU size for a logical channel when decoding the Length field of the MAC-ehs PDU. If the length field is greater than the maximum size the UE will know that there are multiple RLC PDUs included in that MAC-ehs PDU segment.

This method means that multiple RLC PDUs can be indicated in a MAC-ehs PDU with a single MAC-ehs header.
Example 1: If the maximum RLC PDU size configured is 1024 bits and the Length field indicates ‘512’, the UE will know that there are 4 RLC PDUs included.

The example above shows the ideal scenario where there is no RLC PDU segmentation. However, it could happen that there is one RLC PDU segmented (as in the calculations illustrated in section 3).

In this case the problem could be solved by using the segmentation indicator. If the segmentation indicator indicates “starting segment of RLC PDU”, this means that the beginning of a segmented RLC PDU is included. This can only happen if the segment is at the end (e.g. Node B was able to fit 10 RLC PDUs, but could only include the beginning segment of the 11th RLC PDU).

Example 2: If the maximum RLC PDU size configured is 1024 bits, the Length field indicates ‘600’ and the SI indicates “starting segment of RLC PDU”, the UE knows that 5 RLC PDUs are included, where 4 are complete RLC PDUs of 1024 bits and the last remaining 88 bits are the beginning segment of the 5th RLC PDU.

Following from this example, the next MAC-ehs PDU could contain the ‘end’ segment of the last RLC PDU and 4 more complete RLC PDUs. In this case, the SI would indicate “end segment of RLC PDU” which would implicitely mean that the segmented RLC PDU is at the beginning of the MAC-ehs segment.

Example 3: If the maximum RLC PDU size configured is 1024 bits, the Length field indicates ‘600’ and the SI indicates “end segment of RLC PDU”, the UE knows that 5 RLC PDUs are included, where the first is an end segment of 88 bits and the remaining 512 bits are 4 complete RLC PDUs.

One other situation could arise, where the TrBLk contains only complete RLC PDUs but one of them is smaller than the maximum. In this case, the SI would indicate “no segmentation” but because the Length field is not a multiple of the configured maximum RLC PDU size, the UE would assume the final segment to be at the end of the TrBLk.

Example 4: If the maximum RLC PDU size configured is 1024 bits, and a complete TCP packet of 12,000 bits is included in one TrBLK (RNC creates 11 RLC PDUs of 1024 bits and one smaller RLC PDU of 1000 bits), then the Length field would indicate ‘1533’ bytes and the SI would indicate ‘no segmentation’. The UE could assume the final RLC PDU to be the shorter one.

The 4 examples above, demonstrate the basic scenarios where the MAC-ehs header compression would achieve its best results. However, there would still be some situations where the full MAC-ehs header would need to be repeated:

a) 2 segmented RLC PDUs are included in the TrBLk (end segment at the beginning of TrBLK and beginning segment at the end of the TrBLK)

b) TrBLk contains more RLC PDUs (in bytes) than the maximum value of the Length field

3.4.1
Performance Analysis
Taking the example from section 3 of 21.5 Mbps, the values for the performance of this improved compression mechanism are shown below.

Enhanced Layer 2: Typical RLC
Assuming an RLC PDU size of 1024 bits, the RLC overhead is of 752 bits. Assuming a 12 bit length field, The MAC-ehs overhead will be of 48 bits, which is made up of the following:

1) one full header where the Length field indicates ‘3968’ bytes and the SI indicates “no segmentation” – i.e. 31 complete RLC PDUs of 1024 bits.

2) One full header where the Length field indicates ‘1423’ bytes and the SI indicates “beginning segment of RLC PDU” – i.e. 11 complete RLC PDUs of 1024 bits and one beginning segment of an RLC PDU of 120 bits.

The total absolute Layer 2 overhead is of 800 bits, where RLC is the main contributor. The total relative Layer 2 overhead is of 1.85%. The TCP throughput is 21.16 Mbps.

3.5 Summary
A summary of the total Layer 2 overhead and TCP throughput in the above examples is presented this section 3.
	
	Overhead
	TCP throughput

	Rel-6 Layer 2
	2.05%
	21.12 Mbps

	Enhanced Layer 2: Adaptive RLC
	MAC-ehs header

(no optimisations)
	1.16%
	21.3 Mbps

	
	MAC-ehs header

(with optimisations)
	0.9%
	21.37Mbps

	Enhanced Layer 2: Typical RLC
	MAC-ehs header

(no optimisations)
	4.11%
	20.67 Mbps

	
	MAC-ehs header

(with optimisations)
	3.39%
	20.83 Mbps

	
	MAC-ehs header

(with full compression)
	1.85
	21.16 Mbps


Table 1 – summary of overhead analysis for 21.5Mbps MAC-ehs rate
As shown in Table 1, the adaptive RLC will give the lowest Layer 2 overhead and greatest throughput, therefore it is the best performing option. Even with no MAC-ehs optimisations it will give better results than either the Rel-6 or the Typical RLC modes of operation.
In addition, in the adaptive RLC mode, considering the gain difference between a compressed and a non-compressed MAC-ehs header (0.26% gain in overhead and 0.32% increase in throughput), one could conclude that performance is so minor that it does not justify the increase in complexity.
This analysis shows that a satisfactory performance could be obtained from the enhanced Layer 2 without any MAC-ehs optimisations.

Furthermore, a clever UTRAN implementation would achieve the best performance results (greater overhead reduction and peak throughput) – i.e. an intelligent UTRAN can operate in adaptive RLC mode.
This analysis also shows that the gains of the optimised compression mechanism as discussed in 3.4 has the lowest overhead and higher throughput, when compared to other optimisation mechanisms. Therefore it could be considered as the best performing mechanism.

Note that it is still not as well performing as the Adaptive RLC mechanism without any MAC-ehs optimisation, but it gives considerable gains when compared to the Typical RLC mode of operation.
4 Proposal

Considering the analysis provided in this document we propose the following:
1) Agree that a MAC-ehs header without any optimisations (repetition of full header) provides satisfactory performance

2) Agree that any further optimisations can be achieved by UTRAN implementation – e.g. Adaptive RLC mode

3) If proposal 2) is not acceptable, agree on the MAC-ehs header optimisation shown in section 3.4 of this document.
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