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Abstract

In this paper we summarize the issues involved in MAC layer FEC versus convergence layer FEC, and suggest comparison criteria for a decision.  Sharp believes that at the present time, MAC layer FEC affords the best chance of realizing low delay for human interactive AV applications in the  SOHO network, however if the issues discussed below can be adequately addressed for convergence layer FEC, we would support that.  We are currently working with parties interested in AV transmission over 802.11 to resolve these issues.

Issues:

1. Convergence Layer Coding: We believe that the intent of the coding is different from that of the needs of AV distribution over 802.11, especially in regard to low latency requirements. 

2. HCF:  The HCF could conceivably support FEC in CFB’s subject to the same provisos previously expressed for the EPCF; namely, that either unacknowledged or delayed acknowledgment be used to prevent violating timing constraints imposed by the 802.11a PHY.

3. MAC-to-MAC Delay Requirements: for real-time multimedia, <200ms delay would be required. Applications  requiring this delay are those that require the interactions of people and the transmission of reliable, high bandwidth sources.  An example of this is a remote control that controls the transmission of a high bandwidth (approximately 20Mbps) MPEG-2 or HDTV transmission.  Another example is a cam-corder that simultaneously transmits an image to a remote monitor.  The IETF proposals at present do not directly address this issue, since their main interest is reliable multicast for one-way transmissions.  An open question at the present time is: Does there exist a CL erasure resilient coding scheme that meets the delay requirements represented by real-time interactive AV transmission in the home network?

4. Interleaving Requirements: Normally, interleaver depth is determined by the channel’s coherence time, and the message redundancy required   to transmit reliably (we are looking for a 10-9 FER). In a SOHO network, for 802.11a, it is expected that the coherence time of the channel would be relatively long compared to the maximum duration of a packet (approximately 2.7ms, at 6Mbps for 802.11a),  since indoors, the coherence time of the channel would be determined largely through motions of beings at pedestrian speeds.

If on the other hand, shadowing is the issue, then if the shadowing is frequency selective, it may be possible that interleaving will help- to the extent that this shadowing is not completely remedied by the equalizer in 802.11a.  

At the present time, we have not seen evidence that such interleaving is absolutely necessary in this case.  The interleaving requirements is part of the overall relationship  relation between “diversity” afforded by coding and modulation and the BER/latency/jitter performance of the link. While we can gain more diversity from additional interleaving/coding across multiple OFDM symbols, this should not be necessary, providing the 802.11a system is operating at or above its MDSL and the above assumptions hold.. In this case, the codes presented in document IEEE 802.11-00/377  are sufficient to meet AV requirements.

Since practical implementations of 802.11a will include some form of multipath equalization/combining, it is expected, that for analyses purposes, that a flat-fading channel model is appropriate to consider for our purposes.

5. Link Requirements: A criticism of results presented in the committee was that the BERs for which analysis was done was too pessimistic.  It is true that the BERs from presentation  IEEE 802.11-00/377 represent the minimum  operating conditions assumed for 802.11a.  In this case, assuming the above, the BER is approximately 10-5; however, even if we are operating up to 2dB below that, some benefit from an outer code FEC should still be expected (the BER there is approximately 5X10-4, according to Odenwalder [1]).

Convergence layer erasure resilient FEC was developed for multicast applications,  when packets are lost in networks due to router failures or congestion.  Porting this concept over for wireless LANs may provide some benefit in cases where there is sufficient shadowing to cause fades of the order of 5dB or more (when there are no latency restrictions), but after a certain point, which needs to be demonstrated this scheme will fail. In short, for AV applications, which require low latency, and a frame error rate of the order of 10-9,  either there is sufficient link margin for additional FEC to work ( in either layer) or there is not.  

6.Complexity: FEC in the MAC layer, as one might do either in schemes presented by Sharewave or Sharp, can be realized in < 30K gates.  Erasure resilient codes, on the other hand, have been mainly studied for applications where a Pentium processors employed.  [2,3], which would be unsuitable for low-cost consumer applications.

7. PHY Independence: Any adopted approach should be applicable to 802.11b, 802.11a and 802.11g PHYs.  This is a matter of incorporating appropriate formats and text  in the case of the MAC FEC, and is met for Convergence Layer FEC. 

Conclusions

So, to conclude from the above considerations:

If a flat fading channel is encountered, and the assumptions of IEEE 802.11-00/377  are met or exceeded, then the link can support high quality low latency video transmission with MAC FEC.  If  the assumptions of IEEE 802.11-00/377  are not met, then an interleaving approach should be demonstrated that provides sufficient additional redundancy to meet the above FER requirements.  

Convergence layer FEC should be shown to support the requirements as discussed below.

Suggested Comparison Criteria for FEC

1. Computational Efficiency/Complexiity.  What is the number of gates/MIPS necessary to realize a 10-9 FER, subject to 2. 

2. Latency/Jitter:  Can the requirement of  <200ms latency be met?  What is the minimum jitter attainable? At present, there is no good solution to meeting IEC 68884’s jitter requirements for either scheme [4], and it is envisioned that standards work in the 1394 group will be needed to address this issue.

3. Channel Efficiency:  How much overhead/throughput is required to implement these codes? Sharp and Sharewave's approaches have shown that 20%  or less overhead is needed to achieve the above requirements.

4. Interoperability: It is necessary to ensure that there is interoperability of any adopted technique.  In order for this to be a reality for convergence layer FEC, it must be clear which organizations will standardize these techniques, and on when, to insure that products get to the consumer sector as rapidly as possible.  If those concerns were met, convergence layer FEC could be standardized in a method analogous to what has been proposed for the security framework for 802.11e.  However, we should prior to taking this approach, be able to show that there exists at least one code that meets the above requirements.
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