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* * * * 1st change * * * *
[bookmark: _Hlk170046844]5.4.2.x	Overhead of AL-FEC 
To all the application receiver to reconstruct the source packets, the application sender sets the redundancy for AL-FEC based on the end-to-end packet loss rate in the network. It is important to understand the overhead, i.e., the ratio of the number of repair packets to the number of source packets needed to meet a probability that the application receiver can reconsturct all the source packets. 
For a small number of source packets, the overhead can be significantly higher than the theoretical limit for the case of an infinite number of source packets (which is equal to p/(1-p), where p is the end-to-end packet loss rate). This is because in a realization of the random packet losses, the packet loss rate may be higher than p and this effect is more prominent when the number of source packets is smaller. To illustrate, consider an example where p=0.1%, 1% and 10%, and the probability of reconstructing all the source packets, denoated K, is set to 99.9%. The 10% represents the BLER without HARQ retransmission in typical implementations, and the 1% and 0.1% may represent the BLERs with HARQ retransmissions. Furthermore, it is assumed that the packet losses are independent, and each packet is sent in a separate transport block. The overhead (in percent) as a function of K is shown in Figure 5.4.2.x. For K=20, the overhead is 45%, and even as K increases to 100 the overhead still stays at 24%. In contrast, the theoretical limit is 11.1% (the red dashed line). The theoretical limit can be considered as the overhead needed to let the application receiver receive K packets on average.
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(b)
Figure 5.4.2.x The overhead of AL-FEC as a function of the number of source packets K for 99.9% probability of reconstructing all the source packets at the application receiver: (a) linear scale; (b) logrithmic scale.

The steps for calculating the overhead are as follows:
1. Find the minimum value (denoted ) of  that satisfies  , where 0.999
2. The overhead is 

Note that in the RAN, a transport block may carry multiple packets. Thus, even if K is large, the effective value for the purpose of reconstructing the source packets may be small. For example, if K=100 and each transport block carries 4 packets, then effectively we are dealing with 25 transmissions and the overhead would be corresponding to the overhead for K=25 rather than the overhead for K=100 in Figure 5.4.2.x.
Observation 1: the overhead of AL-FEC may be much higher than the overhead needed to let the application receiver receive K packets on average, where K is the numer of source packets.
If the RAN transmits every packet (or PDU) of a PDU Set with AL-FEC encoding, then the overhead at the RAN (i.e., on average how many packets beyond the number of source packets the RAN needs to transmit normalized by the numer of source packets) can be high.  
In contrast, if the RAN can drop obsolete packets (or PDUs), the overhead at the RAN can be reduced. With ideal assumptions, e.g., the base station knows immediately and reliabily which PDUs are delivered successfully, the overhead at the RAN can drop to the theoretical limit. With practical assumptions, the overhead will be higher than but still can still be close to the theoretical limit. 
Observation 2: if the RAN can drop obsolete PDUs of a PDU Set with AL-FEC encoding, the overhead at the RAN can be dropped to be close to the theoretical limit.
* * * * End of 1st change * * * *
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