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1.  Proposed changes
* * * * 1st change * * * *
[bookmark: _Toc163769603][bookmark: _Toc160650863][bookmark: _Toc159530951]
5.3.x	Benefits of using AL-FEC for real-time communication in cellular networks 
3GPP 5G has defined 5QI with QoS characteristics for various intended applications including real-time communication, as shown in TS 23.501:
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	3
	GBR
	30
	50 ms
(NOTE 11,
NOTE 13)
	10-3
	N/A
	2000 ms
	Real Time Gaming, V2X messages (see TS 23.287 [121]).
Electricity distribution – medium voltage, Process automation monitoring

	80
	Non-GBR
	68
	10 ms
(NOTE 5,
NOTE 10)
	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	89
	Delay-critical GBR
	25
	15 ms (NOTE 4)
	10-4
	17000 bytes
	2000 ms
	Visual content for cloud/edge/split rendering (see TS 22.261 [2])



For some 5QI’s, meeting the required packet error rate (PER) does not result in desired user experience. For example, for 5QI=3, the PER is 10-3. The PER looks small, but a PDU loss impacts the reconstruction of the whole ADU and can severely degrade the user experience. Suppose the frame rate is 60 frames/sec and each frame takes up 20 packets. This means that on average there is a packet loss in less than a second. This could cause video artifacts or freeze and severely degrade the user experience. Due to the low-latency requirement, it is typically not feasible to retransmit the lost packet without violating the latency requirement. However, with AL-FEC with a moderate amount of redundancy, such packet losses can be recovered.   
Observation 1: AL-FEC is essential to the user experience for certain 5QI’s intended for real-time applications.
Another reason for needing AL-FEC is the RAN implementations, which typically has an instaneous BLER (iBLER) of 10% for high spectral efficiency. That requires a large number of HARQ retransmissions, resulting in large delays. If AL-FEC is used, the need for HARQ retransmission is greatly reduced. This is illustrated in the simulation study below. 
Scenario: TDD with subframe format DDDSU, 30kHz SCS, HARQ turnaround time about 5ms, 100MHz bandwidth, 60fps, average SNR 5dB, and MDS AL-FEC code.
Table 5.3-1 Delay without and with AL-FEC
	Scheme
	Redundancy ratio
	Latency (ms)

	
	
	99.9 percentile
	99 percentile

	No AL-FEC
	0
	55
	43.5

	With AL-FEC
	30%
	15
	14


 
We see from the table that AL-FEC reduces the 99-percentile delay from 43.5ms to 14 ms and reduces the 99.9-percentile delay from 55ms to 15ms.
Observation 2: AL-FEC can greatly reduce the delay for practical RAN implementations.
Based on the observtions, we have the following: 
Conclusion: AL-FEC is important to the media performance for real-time applications in cellular networks.
* * * * End of 1st change * * * *
