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Introduction
This document summarizes the discussions on the channel models for Application Layer FEC selection and characterization for LTE MBMS. Specifically,
· the communication with RAN is summarized in section 2.
· the ongoing discussion with RAN is summarized in section 3.
· the concrete proposals are provided in section 4.
Communication with RAN
During the SA4#66 meeting SA4 sent a liaison statement in S4-111114 to RAN1 and RAN2 with the following content:
SA4 is developing a model of the eMBMS bearer over which evaluation of application layer FEC proposals will be performed as part of the Rel-11 EMM-EFEC work item.  
In Rel-6 for application layer FEC selection, SA4 had used a RAN-endorsed simple channel model for UTRAN that assumes RLC-PDUs to observe identically and independently distributed (iid) random loss. This model has been considered sufficient for FEC selections. SA4 considers to use a similar model for the selection of a new FEC in the above mentioned work item also for LTE as documented in S4-110868, section 2.2.2.
However, SA4 is open to take into account new information for the FEC selections and use additional channel models in the FEC selection.
Therefore, SA4 has considered the following options for additional eMBMS bearer model:  
1. RAN provides and endorses a readily-available model
2. RAN endorses the two-state Markov channel model described in the attachment S4-111021, perhaps with modifications to the parameters for the model.
SA4 seeks RAN’s guidance on which model could be used for SA4's evaluation framework that can meet SA4’s timeframe.  It is the intention of SA4 to complete this evaluation framework at our MBS SWG Adhoc meeting on December 13-15, 2011. If no guidance is provided before then SA4 will base the selection on the simple iid bearer loss models. In addition, SA4 also intends to document the performance of the selected FEC in eMBMS system environments in a Technical Report. Therefore, more information even at a later stage is welcome. 
SA4 also seeks guidance on what LTE MBMS modulation and coding scheme (MCS) value to use for the evaluation framework as described in clause 2.2.2 of S4-110868.  The currently proposed value is 21 but there were suggestions to use a different MCS to operate at the design target of eMBMS at 1 bit/s/Hz.
The reply from RAN2 in S4-120087:
RAN2 would like to thank SA4 for the LS on MBMS FEC Evaluation Framework. 
RAN2 has discussed the questions and realized that they fall in the scope of RAN1. Therefore RAN2 expects RAN1 to handle the appropriate response to SA4 questions included in the incoming LS.
Based on this reply all communication is deferred to RAN1 and the RAN2 LS can be noted.
The initial reply from RAN1 is provided in S4-120085:
Due to some concerns on the applicability of the simple iid bearer model, RAN WG1 cannot agree on whether it is appropriate for the selection of a new FEC. While we understand that the intention of SA4 is to complete the evaluation in December, the short amount of time provided makes it difficult to provide or endorse another model such that SA4 can make a proper evaluation. RAN WG1 will discuss the model further and provide additional information after the next RAN1 WG meeting, or sooner if possible.
Another reply from RAN1 is provided in S4-120086:
...
In addition to the response given in R1-114461, RAN1 has now agreed on the Markov model. RAN1 will continue discussion to determine the appropriate parameter set(s) to use with the model, and provide additional information after the next RAN1 WG meeting, or sooner if possible.
RAN1 is also discussing SA4’s question on MCS selection and will provide guidance as soon as possible.
Based on this reply, RAN1 has agreed on the Markov models for low speed, but had not finally agreed on the parameters. 
Finally, as output from RAN1#68 in February, a reply LS was sent to SA4 in R1-120831. The relevant aspects are highlighted.
RAN WG1 would like to thank SA4 for their LS on MBMS FEC Evaluation Framework. In response to the LS, RAN1 has provided guidance in R1-114461 and R1-114475. In R1-114475, RAN1 agreed on the Markov model. In this LS response, appropriate parameter sets for the Markov model are provided. In addition, SA4’s question on MCS selection is addressed.
The Markov model and parameters are defined in S4-111021, and provided in Appendix A for convenience. The primary difference from S4-111021 is that RAN1 used a 10 ms sampling period rather than a 200ms sampling period. Simulations were run with a 5 MHz system bandwidth, 3kph and 120kph, and 1%, 5%, 10%, and 20% target BLER. Different companies ran different configurations (e.g., Case 1, Case3) and MCS selection (MCS8, MCS9, MCS21, MCS24). The results were averaged together, and are shown in Table 1 and Table 2 in Appendix B. The derived Markov models can be assumed MCS independent.
Regarding the SA4 question 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. Using two different MCS cases provides some diversity in the assumptions, so it seems to be a good approach in case specific MCS has to be used in the SA4 evaluations. For example, a lower MCS value (MCS 8 or 9) in addition to the currently proposed value of MCS21 mentioned in R1-114346 (S4-111114) could be used.
Based on this information, proposals for SA4 on the LTE channel models are provided. Additional information is provided on the background of the LTE channel models, which are most suitable added to the Technical Report.
Follow-up Discussion in RAN1
General discussion
Before the recent RAN1#68 meeting, RAN1 has continued to work on providing additional information to SA4 and the new LS was be received in time for the MBS adhoc call on EMM-EFEC.
RAN1 agreed to provide a channel model based on the two-state Markov model as proposed in S4-111021. For this purpose, RAN1 has done some further investigation on the channel model and the parametrization of the channel model.
It was proposed to consider 2 UE speeds, on at 3km/h and one at 120 km/h. 
There was also discussion on the system bandwidth. However, given the increased delay spread and associated higher frequency selectivity typical in MBMS, it is not expect a significant difference between 5MHz and 10MHz. So having a single case, 5MHz, was considered to be sufficient.
Another subject for discussions is the appropriate target BLER value and the interpretation of the  percentile BLER ±5. BLER traces are typically recorded from a UE having close to the 5-percentile geometry in a MBSFN area. A suitable considered approach is to provide Markov parameters for both 1% and 5% BLER. Both may be suitable operations modes and my result in a support of for example 95% of the users or 99% of the users.
Other discussions are on different RLC-SDU-frequencies. The error model should be naturally flexible to apply to different RLC-frequencies. If a model for 10ms frequency is available, the same can be used for 20ms or 40ms with appropriate subsampling of the error generator output in the SA4 evaluation. Hence parametrization for a 10ms model is sufficient.
In summary, it was agreed to provide a Markov model parametrization for:
· 5 MHz system bandwidth
· 3kph and 120kph optional
· 1%, 5%, 10%, and 20% BLER
Markov Model Parametrization
Qualcomm supported the parametrization of the Markov model as shown in Figure 1 by providing appropriate results to verify and compare with the parameters provided in S4-111021 as was attached to the LS sent in S4-111114. 
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[bookmark: _Ref185309833][bookmark: _Ref185309839]Figure 1 Markov model considered for MBMS SFN RLC-SDU loss rates 
The simulation methodology as proposed in S4-111021 was mostly used for this purpose.
More details are provided. For the simulations the D1 simulation settings based on 3GPP TS 36.942 are used as reported in Table 1.
[bookmark: _Ref185311013]Table 1 Parameter Settings for MBMS LTE simulations
	Parameter
	Setting

	Center Frequency (MHz)
	2000

	Cell radius (m)
	288

	Bandwidth (MHz)
	5

	Penetration Loss (dB)
	20

	Speed (km/h)
	3

	Antenna Down tilt (degree)
	15

	Antenna Height (m)
	30

	Antenna Clutter Height (m)
	15

	Dhb (m)
	15

	Slope
	37.6

	I
	128.1

	Average EIRP (dBW, 5MHz)
	33

	eNB Tx Power (dBW)
	13

	UE Antenna Loss (dB)
	6

	Implementation Loss (dB)
	3

	Noise Figure (dB)
	6

	Penetration Loss (dB)
	20

	Receiver Height (m)
	1.5

	Vertical Beamwidth (degree)
	10

	Horizontal Beamwidth (degree)
	70



The simulation is carried out with a 19 sites configuration as shown in Figure 2. Each site has 3 cells.  All sites have 100% SFN operation. 30 UEs are uniformly dropped into the center site (dark green one) in each simulation run of 50 sec. In total 900 UEs are dropped and the SNR is sampled accordingly. The overall SNR distribution is also shown in Figure 2. 



[image: ][image: ]
[bookmark: _Ref185311154]Figure 2 Simulation Grid and SNR distribution
Based on those SNR traces, two representative traces were selected that in combination with MCS24 result in a 1%, 5%, 10% and 20% target BLER. 
The parametrization of the Markov model follows the proposal in S4-111021: 
· each state persists for 10ms, and 
· a state is good if it has 
· less than 10% packet loss probability for the 1% and 5% BLER simulations (same as in S4-111021), 
· less than 40% packet loss probability for the 10% and 20% BLER simulations.
· MCS=24 was used for all cases and then users at different 'MBMS geometry' were picked to get the different average error rate.  
Note that the initially considered 200ms proposal for a state persistency is not suitable as even for low-speed the channel is decorrelated much faster than 200ms. Nevertheless for more information on the results for 200ms and the comparison to the results from S4-111021 (3.3% target BLER), please refer to S4-AHI235.
The Markov model parameters for 200ms state update period are shown in Table 2 below. The Markov model parameters for 10ms state update period are shown in Table 3 below. The parameter definitions are based on S4-111021.
[bookmark: _Ref189548736]Table 2 Markov model parameters for state update every 200ms
	Parameter
	Value
	Definition
	Note

	
	1% BLER
	5% BLER
	10%
BLER
	20%
BLER
	
	

	
	2.9%
	10.4%
	7.3%
	13.7%
	Transition probability from state 1 to state 2
	State 1 is ‘good state’
State 2 is ‘bad state’
State is updated once per 200 ms

	
	77.8%
	74.2%
	81%
	59.2%
	Transition probability from state 2 to state 1
	

	
	96.4%
	87.7 %
	91.7%
	81.2%
	Probability of state 1 
	

	
	3.6%
	12.3%
	8.3%
	18.8%
	Probability of state 2
	

	
	0.3%
	0.4%
	5.9%
	9.2%
	BLER in state 1
	

	
	18%
	39%
	62.3%
	65%
	BLER in state 2
	

	BLER
	0.9%
	5.1%
	10.6%
	19.7%
	Average BLER
	

	
	6.9s
	1.9s
	2.7s
	1.46s
	Average duration of state 1
	

	
	0.26s
	0.27s
	0.25s
	0.34s
	Average duration of state 2
	



[bookmark: _Ref189548844]Table 3 Markov model parameters for state update every 10ms
	Parameter
	Value
	Definition
	Note

	
	1% BLER
	5% BLER
	10%
BLER
	20%
BLER
	
	

	
	0.46%
	1.08%
	1.9%
	3.4%
	Transition probability from state 1 to state 2
	State 1 is ‘good state’
State 2 is ‘bad state’
State is updated once per 10 ms

	
	27.4%
	13.7%
	16.9%
	13.9%
	Transition probability from state 2 to state 1
	

	
	98.4%
	92.7 %
	89.9%
	80.4%
	Probability of state 1 
	

	
	1.6%
	7.3%
	10.1%
	19.6%
	Probability of state 2
	

	
	0.08%
	0.16%
	1.59%
	2.64%
	BLER in state 1
	

	
	54%
	68%
	90%
	91%
	BLER in state 2
	

	BLER
	0.97%
	5.13%
	10.5%
	19.9%
	Average BLER
	

	
	2.18s
	0.92s
	0.53s
	0.29s
	Average duration of state 1
	

	
	0.037s
	0.073s
	0.059s
	0.072s
	Average duration of state 2
	



In continuous discussion in RAN1, two more proposals were received with similar simulation approaches. Despite different MCSs are used and although the underlining statistics are not the same as changing the MCS and using the same low geometry %-ile UE, we believe that the difference is not significant. The Markov models are assumed MCS independent.
Finally, although the methodologies were not fully aligned between the three companies providing results, it was observed that the resulting statistical models are comparable. 
Taking into account the three submission, the following was considered
a) Pick one of the three submissions
b) Perform some averaging of the three company results, which could be done, for example as follows: 
i. calculate the mean time spent in each state (Tg, Tb) and average them across the three companies (equivalent to taking harmonic mean of p and q across companies)
ii. average good state BLER across the three companies
iii. calculate the other state BLER that gives the right target average BLER
The averaging results in the performance for 10ms and 3kph are provided in Table 4.
[bookmark: _Ref189553945]Table 4 Markov model parameters for state update every 10ms and and 3kph averaged over different submission
	Parameter
	Value
	Definition
	Note

	
	1% BLER
	5% BLER
	10%
BLER
	20%
BLER
	
	

	
	0.58%
	1.80 %
	2.79%
	4.61%
	Transition probability from state 1 to state 2
	State 1 is ‘good state’
State 2 is ‘bad state’
State is updated once per 40 ms

	
	36.13%
	24.01%
	20.90%
	16.80%
	Transition probability from state 2 to state 1
	

	
	98.42%
	93.02%
	88.23%
	78.48%
	Probability of state 1 
	

	
	1.58%
	6.98%
	11.77%
	21.52%
	Probability of state 2
	

	
	0.03%
	0.06%
	0.56%
	1.16%
	BLER in state 1
	

	
	59.47%
	70.54%
	82.30%
	89.20%
	BLER in state 2
	

	BLER
	0.97%
	5.02%
	9.93%
	19.92%
	Average BLER
	

	 in ms
	1724
	555
	359
	217
	Average duration of state 1
	

	 in ms
	28
	42
	48
	60
	Average duration of state 2
	



The results for 120kph are attached to the LS in R1-120831.
MCS Selection
Regarding the MCS selection, the optimum operating MCS strongly depends on the deployment scenario, including site-to-site distance, operating frequency, interference conditions at MBSFN area boundaries, etc. Therefore, one specific value is not suitable. Using two different MCS cases can give some diversity in the assumptions, hence a good approach to use two values mentioned in R1-114346 (S4-111114) and R1-120831.
· higher value MCS=21 resulting in RLC-SDU size of 1332 byte.
· lower value corresponding to 1bit/s/Hz, with MCS=9 resulting in RLC-SDU size of 498 byte.
Proposal
It is proposed to use the following parameters for the LTE MBMS channel simulations
· MCS=9 and MCS=21 with 498 byte RLC-SDU size and 1332 byte RLC-SDU size.
· RLC-SDU distance of 10ms and 40ms for MCS=21
· RLC-SDU distance of 10ms for MCS=9
· Channel model with Markov model loss rate of 1%, 5%, 10% and 20% target BLER as introduced in section 3.2 with speed 3 kph.
· Channel model with Markov model loss rate of 1%, 5%, 10% and 20% target BLER as introduced in section 3.2 with speed 120kph.
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