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1 Introduction
During SA4#93 the “New Study Item on FEC for MC Services” in S4-170489 was agreed and afterwards approved by SA plenary #76 in SP-170337.

The objectives include:

1. Study the applicability of FEC schemes, especially those schemes available in TS 26.346 for their applicability to MCVideo, and their possible integration in the architecture as described in the Justification above. This includes:

a. Collection of typical bearer and service parameters, such as service and bearer bitrates, MCS, loss patterns, etc.

b. Service requirements and KPIs, such as expected packet loss rates, mean-time-between failures, maximum end-to-end delay, etc.

2.   Recommend a single FEC scheme which can be utilized effectively for MCVideo independently of whether the FEC encoding is originated in the MCVideo server or the BMSC, utilizing the GCSE architecture as defined in 3GPP TS 23.468.
3.   For those considerations described in item 2 of the Justification above, study the applicability of the recommended FEC scheme for other MC services over MBMS (e.g. MCData – file download, or MCPTT group communications) and make recommendations as  necessary.

NOTE1:  MCData subservices (e.g. file download, data streaming) are still under development in SA6 in Release 15.  SA4 should work closely with SA6 to synchronize on the latest architecture and procedures related to MCData. 
This study item will build upon the existing stage-2 application architecture for MC services as defined in 3GPP TS 23.280, 3GPP TS 23.281, 3GPP TS 23.282, and 3GPP TS 23.379.
This document primarily addresses considerations on 1a and related discussions on the simulation parameters for FEC. It also revisits some discussions in TR 26.881, especially the note in clause 8.1: “NOTE: Applicability of the existing model discussed above needs to be confirmed for Mission Critical purposes”
Attached to this document find a proposed pCR to TR26.881v0.1.0 to add the discussion.
2 Status in TR26.881
Relevant aspects that are considered in the document here in TR26.881v0.1.0 are:
· The MBMS Bearer Service modeling in clause 8, especially in clause 8.2. The channel model was designed with the assumption that a target packet loss rate is to be achieved, namely with Markov model loss rate of 1%, 5%, 10% and 20% target BLER. This was introduced in TDoc R1-120831, Annex B, Table 1 section 3.2 for speed 3 kph and Channel model with Markov model loss rate of 1%, 5%, 10% and 20% target BLER as introduced in TDoc R1-120831, Annex B, Table 2 section 3.2 with speed 120kph.
· As stated by the RAN1 group in R1-120831, the derived Markov models can be assumed MCS independent, i.e. the loss distribution models depend only on the average BLER and the speed.  As mentioned in subclause 5.3.2, mission critical services will use conservative (i.e. low MCS).  Only one low value is selected corresponding to 1 bit/s/Hz, with MCS=9 resulting in RLC-PDU size of 501 bytes. 
· As also stated by RAN1 in R1-120831, on the MCS selection, RAN1 believes that the optimum operating MCS depends on the deployment scenario, including site-to-site distance, operating frequency, interference conditions at MBSFN area boundaries, etc. Therefore, it is difficult to give specific value recommendation.
· In clause 10.2, some initial simulation conditions were collected: According to the requirements in clause 6.7.3.2 of 3GPP TR 23.780 (also shown in clause 6.4 of TR26.881) glass to glass latency should be under 1 second for MC Video. Other latencies are considered beyond up to 10sec. Based on this, it was proposed to evaluate FEC for MCVideo for 3 latency budget values: 240 ms, 480 ms and 960 ms. Table 10.2.2-1 provides the summary
Table 10.2.2-1: Simulation Conditions for LTE-based MBMS

	LTE eMBMS Streaming (MCVideo)
	

	
	Bearer rates
	398.4 kbit/s, 796.8 kbit/s

	
	RLC-SDU size
	498, 996 bytes

	
	Loss Model
	Markov

	
	MCS
	9

	
	RLC-PDU period
	1 or 2 RLC-PDU every 10ms

	
	Speed
	3 km/h, 120 km/h

	
	MAC-PDU loss probability
	1%, 5%, 10% 

	
	Content length
	24 hours of media content

	
	Media rates
	Varied by steps, assuming only a single media stream with constant bitrate

	
	FEC overhead
	Varied to sum FEC and Media to equal bearer rate

	
	Source packet RTP payload size
	398.4 kbit/s: 454, 952 bytes

796.8 kbit/s: 952 bytes

	
	IPv4/UDP/SRTP header/FEC footer 
	44

	
	FEC latency budget
	240, 480, 960ms


· In clause 10.3, for MCVideo, as a suitable measure it was considered to evaluate the maximum supported media rate (kbit/s) for a residual packet loss rate of 10-3.
3 AL-FEC vs. physical layer FEC

In the simulation conditions above there is an inherit assumption that the packet loss rate of 10-3 can only be achieved by applying application layer FEC. However, with the physical layer FEC in place, you can also obviously adjust the packet loss rate at the expense of reduced data rate. An exemplary scenario is shown in Figure 1 for a receiver SNR and the effect of a physical layer FEC. The MCS selection provides a trade-off between error rate and available throughout.
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Now application layer FEC may be applied as shown in Figure 2, in this case with overhead of 25%. One can see that over a span of the example of 10 seconds, the application layer FEC works in order to recover the data. However, it is also relevant to understand that a certain amount of latency is required in order to make the FEC effective.

There would be yet another dimension available to improve the reception condition, namely the usage of physical layer interleaving. The effects of this is shown in Figure 3. In this case the FEC on the physical layer is spread over some larger interleaving. With increased interleaver depth, the packet loss rate decreases. However, such phy interleaving requires heavy memory and changes on the phy.



[image: image3]
So in summary, in order to dimension the FEC on phy and application layer for given delay constraints as well as for given performance requirements, basically four parameters may be varied:

1. The MCS on the physical layer (providing different code rates)

2. The interleaving depth on the physical layer up to the max delay

3. The code rate/redundancy on the application layer 

4. The interleaving depth/protection period on the application layer

Due to the design constraints of MBMS and the use of existing phy, we exclude number 2 from above. However, in the considerations of TR 26.881 as elaborated in clause 2, the option 1 is not included which may lead to wrong conclusions, especially if the latency requirements get low. We address this issue in a first set of relevant simulations. The issue is that the loss rates considered in the Markov model are not a given, but they may be reduced by using a different MCS.

4 Performance with MCS variations

4.1 Use Case – Mission Critical Video

The following assumptions are considered relevant

· A primary band for public safety services is described here:
 https://www.fcc.gov/general/700-mhz-public-safety-spectrum-0
· An appropriate and relevant use case for this band and application is 3 km/hr i.e. a pedestrian use case.
· The requirements on latency below 1 seconds as documented above are taken into account. If the latency can even be lower, or if some latency/robustness can be added on the video coding layer, this is of additional benefit
As a note, at 3 km/hr the coherence time for the above referred band is ~0.4 seconds. From experience it is know that application layer FEC only can provide benefits if the protection period exceeds surely 5 times the coherence bandwidth.
4.2 Simulation Method

· Use Case Description
· Cell radii of 0.5, 1, and 2 km with 95% coverage for the specified radius
· Reasonable parameters for a pedestrian suburban
· 100% SFN, all 19 sites, 57 cells active
· 751 MHz, 5 MHz
· ETU1 x 2 model (1Tx, 2Rx antennas, 4 main paths for multipath)
· Speed 3 km/hr
· Static macro shadow fading, per trace
· Standard Deviation of 8 dB
· 50% correlation between macro shadowing from different transmit antennas
· 0.5, 1, 2 km cell radii 
· 37.6 log distance propagation loss
· 25 m radiation height above ground level
· A penetration loss of 12 dB, typical suburban
· Traces for 900 users uniformly distributed in the central cell
· All subframes are carrying traffic
· This is similar to 36.829, Table 5.1, with aspects adjusted to band and suburban
· Different MCS may be applied

· AL-FEC Time diversities from 100 to 4000 ms
· Packet Error Target Rates: 0.1% (note 1% has also been done, but not reported)
· General Method
· Once all the above parameters above are constrained, the choice of MCS is discrete in about 1 dB steps in SNR, there is one that will assure PER, but it is less than or equal to target PER, not at target PER
· To achieve the desired target PER, the AL-FEC rate may be adjusted on multiple MCS(s) that are greater throughput than the no AL-FEC MCS
· Increase the MCS, so PER is above target and adjust AL-FEC rate to achieve target PER
· If there is gain possible, there will be a combination of MCS and AL-FEC that supports a higher throughput than no AL-FEC for the 95th percentile user
· A plot of the supported rate for the 95th percentile user at target PER vs. MCS makes it easy to see where gain is possible
· We also note that we assume that all subframes can be used and that the if AL-FEC is applied, each sub-frame constitutes a packet for the AL-FEC. This assumption is a best-case performance for the FEC as we get one packet for every 1ms, resulting in good coding gain. We also use an ideal FEC.

4.3 Simulation Results

Figure 4, Figure 5, and Figure 6 show simulation results for 0.1% packet loss target rate for radius 2km, 1km and 0.5km, respectively. The figures show the applied MCS on the physical layer and the achievable rate that permits to obtain 0.1 % packet loss rate. Different AL-FEC latencies are applied, but also no AL-FEC is included in solid blue.
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Figure 4 Impact of Time Diversity: Optimal Erasure Code, 2 km, 0.1%
In Figure 4, it is shown that no AL-FEC + MCS 12 is at least as good as AL-FEC < 4000 ms. Only for AL-FEC 4000 ms + MCS 13 an roughly 8% gain in throughput can be achieved.
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Figure 5 Impact of Time Diversity: Optimal Erasure Code, 1 km, 0.1%
In Figure 5, it is shown that no AL-FEC + MCS 15 is at least as good as AL-FEC ≤ 4000 ms. 
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Figure 6 Impact of Time Diversity: Optimal Erasure Code, 0.5 km, 0.1%
In Figure 6, it is shown that no AL-FEC + MCS 25  is at least as good as AL-FEC < 2000 ms. Only for AL-FEC 2000 ms + MCS 26 a roughly 5% gain in throughput can be achieved and for AL-FEC 4000 ms + MCS 26 a roughly 7% gain in throughput can be achieved.
4.4 Summary

Despite a comprehensive simulation of all cases, we believe that the presented case is exemplary for mission critical video. Based on the considerations:

· Coherence time of channel is hundreds of milliseconds
· There are no AL-FEC benefits unless latency is many coherence times
· Only consider using AL-FEC when latencies of multiple seconds is acceptable
It is also relevant to note that using MCS based FEC only reduces the latency significantly and remaining latency budget can be used for other purposes, for example sending redundant I-frames and so on. 
5 Proposal

Based on the discussion in this document we propose:
1) Add any relevant information in this document to an updated version in the TR26.881 according to the updates in the attached document.
2) Add the MCS variation as another choice for FEC dimensioning

3) Recommend in the conclusions of the TR that AL-FEC for MC Video is only beneficial for latencies beyond when latencies of multiple seconds is acceptable
4) Recommend the usage of the FEC Framework and FEC Scheme defined in TS26.346 for AL-FEC for larger latencies. The streaming framework was designed for latencies in the range of several seconds.
Figure � SEQ Figure \* ARABIC �1� Example for the effects of a physical layer FEC





Figure � SEQ Figure \* ARABIC �2� Example of effects of the combination of application layer FEC





Figure � SEQ Figure \* ARABIC �3� Effects of physical layer interleaving on the packet loss rate
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