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1. Introduction
In RAN#71 a new work item (WI) named eMBMS enhancement for LTE [1] was introduced. The objectives of the WI include the support of longer CP, additional MBSFN subframes, and study standalone carrier. In a previous contribution [2], we presented simulation results showing 95% SINR coverage for both outdoor and rooftop simulation scenarios for various CP lengths and showed that a CP length in the range of 100us-200us resulted in SINR coverage exceeding ~15dB, which corresponds to a spectral efficiency goal of 2 b/s/Hz. In a companion contribution [3], we proposed various design options for the reference signal design for the longer CP cases. In this document, we show link level simulation results for a subset of these configurations with given large delay spread channel model.


2. Simulation Assumptions
For the link level simulation assumption, we recommend leveraging portions of the RAN#4 PMCH performance specifications defined in 36.101 [4]. A table of proposed link level simulation parameters for the extended CP PMCH channel is given in Table 1.

	Extended CP PMCH Simulation Parameters

	CP Lengths
	100us, 200us

	Bandwidth
	10MHz

	Carrier Freq
	670MHz

	Symbols for Control
	0

	Channel Model
	18 tap, 3 cluster TU6
Cluster delays:
(0,90,130us) for 200us CP
(0,30,50us) for 100us CP

	Speed
	5, 60, 100 Km/Hr

	RS Tone Separation
	3

	RS Stagger Period (syms)
	2 for 200us CP
2,3 for 100us CP

	Modulation
	64 QAM

	Payload Sizes (bits)
	18336 (MCS12)
19848 (MCS13)
21384 (MCS14)
22920 (MCS15)


[bookmark: _Ref454890452]Table 1: Proposed Parameters for Extended CP Link Level Simulation 

For purposes of performance evaluation, there is no gating of the broadcast signal with any unicast data and no insertion of any control symbols. The reference signals repeat with a periodicity equal to the stagger period; we consider two stagger periods of 2 and 3 symbols in order to examine the performance trade-off of Doppler performance with reference signal overhead. The reference signal configuration parameters are defined in frequency and time by their tone separation and stagger period, respectively, as shown in Figure 1.



[bookmark: _Ref454885136]Figure 1: Reference Signal Configuration Parameters

For the channel delay spread, we propose an 18-path channel that is composed of three sets of a TU6 channel with cluster delays of 0us, 90us, and 130us for the 200us CP and 0us, 30us, and 50us for the 100us CP case. The relative mean power for the three clusters are 0dB, -5dB, and -10dB. The exact path configuration for the 200us CP case is given in Table 1. Additionally,  speeds of 5, 60, and 100Km/Hr are considered with the carrier frequency configured at 670MHz.

	Extended Delay Spread

	Path Number
	Relative Delay [us]
	Relative Mean Power [dB]

	1
	0
	-3.0

	2
	.2
	0.0

	3
	.5
	-2.0

	4
	1.6
	-6.0

	5
	2.3
	-8.0

	6
	5.0
	-10.0

	7
	90.0
	-8.0

	8
	90.2
	-5.0

	9
	90.5
	-7.0

	10
	91.6
	-11.0

	11
	92.3
	-13.0

	12
	95.0
	-15.0

	13
	130.0
	-13.0

	14
	130.2
	-10.0

	15
	130.5
	-12.0

	16
	131.6
	-16.0

	17
	132.3
	-18.0

	18
	135
	-20.0


[bookmark: _Ref454882507][bookmark: _Ref454882474]Table 2: Specification of Simulation Channel Delay Spread
3. Summary of Results
For the 100us and 200us CP cases, we show the simulation results for payload sizes of 18363, 19848, 21384, and 22920 bits corresponding to approximate spectral efficiencies of 1.84, 1.98, 2.14, and 2.29 bits/sec/Hz. 
In Figures 2-4, the simulations results for a 100us CP with a RS stagger period of 2 symbols is shown for speeds of 5, 60, and 100 Km/Hr, respectively. In Figures 5-7, the simulations results for a 100us CP with a RS stagger period of 3 symbols is shown for speeds of 5, 60, and 100 Km/Hr, respectively. Finally, in figures 8-10, the simulations results for a 200us CP with a RS stagger period of 2 symbols is shown for speeds of 5, 60, and 100 Km/Hr, respectively.


[bookmark: _Ref458440133]Figure 2: eMBMS, 100us CP, RS Stagger Period 2, 3 Cluster TU, 5Km/Hr


Figure 3: eMBMS, 100us CP, RS Stagger Period 2, 3 Cluster TU, 60Km/Hr




[bookmark: _Ref458440139]Figure 4: eMBMS, 100us CP, RS Stagger Period 2, 3 Cluster TU, 100Km/Hr


[bookmark: _Ref458440144]Figure 5: eMBMS, 100us CP, RS Stagger Period 3, 3 Cluster TU, 5Km/Hr


Figure 6: eMBMS, 100us CP, RS Stagger Period 3, 3 Cluster TU, 60Km/Hr


[bookmark: _Ref458440145]Figure 7: eMBMS, 100us CP, RS Stagger Period 3, 3 Cluster TU, 100Km/Hr


[bookmark: _Ref458440147]Figure 8: eMBMS, 200us CP, RS Stagger Period 2, 3 Cluster TU, 5 Km/Hr


Figure 9: eMBMS, 200us CP, RS Stagger Period 2, 3 Cluster TU, 60 Km/Hr


[bookmark: _Ref458440148]Figure 10: eMBMS, 200us CP, RS Stagger Period 2, 3 Cluster TU, 100Km/Hr

From the graphs, we can approximate the SNR required to obtain a spectral efficiency of 2.0 b/s/Hz and these are listed in Table 3. A comparison of the 100us CP case for RS stagger period of 2 and 3 symbols shows that the 3 symbol RS stagger configuration outperforms at the lower speeds. For the case of 5Km/Hr, there is a .5dB improvement due to the lower density of RS tones providing increased coding gain for the same payload size. For 60Km/Hr, the perormances are comparable, but for the 100 Km/Hr case, the 2 symbol RS stagger period provides a more robust channel estimation due to the higher density of RS tones. Additionally, note that for the 200us CP case provides suitable performance of 16.1dB at the lowest speed of 5Km/Hr. As the speed increases, channel estimation and demodulation suffer due to the larger symbol duration. Note also that the path delay profiles are not the same between the 100us and 200us CP case, so a direct comparison between the two is not entirely useful.

	
	100us CP, RS Stagger 2
	100us CP, RS Stagger 3
	200us CP, RS Stagger 2

	5 Km/Hr
	14.5dB
	14.0dB
	15.9dB

	60 Km/Hr
	14.7dB
	14.6dB
	17.3dB

	100 Km/Hr
	15.0dB
	16.4dB
	20.1dB


[bookmark: _Ref458497200]Table 3: SNR operating point to achieve 2 b/s/Hz for 100us and 200us CP cases

These results indicate that both the 100us and 200us CP cases should be included for further consideration in the eMBMS enhancement study.  Both provide reasonable performance at the lower speeds and each offers a trade-off between performance in high Doppler scenarios versus accommodating larger cell size deployments.

Proposal #1: Based on both link level and system level simulation results, both the 100us and 200us CP cases should be considered further for standardization in the eMBMS enhancement study.






4. Conclusions
This contribution proposes link level simulation parameters to be used for simulating the extended CP scenario considered in this WI.  A set of eMBMS simulation and channel parameters is proposed. Link level simulation results are provided for both the 100us and 200us CP configurations with the following offered proposal:
Proposal #1: Based on both link level and system level simulation results, both the 100us and 200us CP cases should be considered further for standardization in the eMBMS enhancement study.
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mcs12, Payload 18336	12	13	14	15	16	17	0.171986	3.4198399999999997E-2	1.7635299999999999E-3	mcs13, Payload 19848	12	13	14	15	16	17	0.11881899999999999	2.0851700000000001E-2	9.7194399999999998E-4	mcs14, Payload 21384	12	13	14	15	16	17	0.112275	1.7655000000000001E-2	8.4168299999999997E-4	mcs15, Payload 22920	12	13	14	15	16	17	9.6450800000000003E-2	1.2505E-2	4.7320000000000001E-4	SNR (dB)


FER




mcs12, Payload 18336	12	13	14	15	16	17	18	0.197327	4.5511000000000003E-2	6.2525100000000002E-3	4.7764200000000002E-4	mcs13, Payload 19848	12	13	14	15	16	17	18	0.15131900000000001	3.1062099999999999E-2	3.7775600000000001E-3	2.9058099999999999E-4	mcs14, Payload 21384	12	13	14	15	16	17	18	0.141099	2.82064E-2	3.6372700000000002E-3	2.9058099999999999E-4	mcs15, Payload 22920	12	13	14	15	16	17	18	0.127829	2.5058E-2	3.0260500000000002E-3	2.7054100000000001E-4	SNR (dB)


FER




mcs12, Payload 18336	13	14	15	16	17	18	5.9957999999999997E-2	9.7595200000000007E-3	1.0072799999999999E-3	mcs13, Payload 19848	13	14	15	16	17	18	0.18909400000000001	4.6860199999999998E-2	7.1881599999999999E-3	7.8389799999999999E-4	mcs14, Payload 21384	13	14	15	16	17	18	0.18326000000000001	4.6898299999999997E-2	7.6180299999999996E-3	8.5287799999999995E-4	mcs15, Payload 22920	13	14	15	16	17	18	0.18134900000000001	4.73552E-2	8.4891299999999992E-3	1.01862E-3	SNR (dB)


FER




mcs12, Payload 18336	12	13	14	15	16	17	8.2935900000000007E-2	1.28758E-2	6.4128299999999998E-4	mcs13, Payload 19848	12	13	14	15	16	17	5.7965900000000001E-2	7.8456900000000006E-3	3.30661E-4	mcs14, Payload 21384	12	13	14	15	16	17	4.6833699999999999E-2	6.0120199999999999E-3	2.8056100000000003E-4	mcs15, Payload 22920	12	13	14	15	16	17	3.78958E-2	4.5090199999999999E-3	1.7034099999999999E-4	SNR (dB)


FER




mcs12, Payload 18336	12	13	14	15	16	17	18	0.122796	2.6923800000000001E-2	3.6673299999999999E-3	3.5070099999999997E-4	mcs13, Payload 19848	12	13	14	15	16	17	18	9.7023999999999999E-2	2.001E-2	2.90581E-3	3.5070099999999997E-4	mcs14, Payload 21384	12	13	14	15	16	17	18	8.8667300000000004E-2	1.8837699999999999E-2	2.8657299999999999E-3	4.2084199999999999E-4	mcs15, Payload 22920	12	13	14	15	16	17	18	8.2334699999999997E-2	1.82766E-2	3.0861700000000001E-3	5.1102199999999997E-4	SNR (dB)


FER




mcs12, Payload 18336	13	14	15	16	17	18	19	20	7.0851700000000004E-2	2.0040100000000002E-2	5.9819599999999997E-3	2.15431E-3	9.2184400000000001E-4	mcs13, Payload 19848	13	14	15	16	17	18	19	20	7.9549099999999998E-2	2.8887800000000002E-2	1.1933900000000001E-2	6.2525100000000002E-3	3.7374700000000001E-3	mcs14, Payload 21384	13	14	15	16	17	18	19	20	9.6172300000000002E-2	4.1593199999999997E-2	2.03407E-2	1.2725500000000001E-2	8.8777600000000002E-3	mcs15, Payload 22920	13	14	15	16	17	18	19	20	0.122084	6.4178399999999997E-2	3.8316599999999999E-2	2.6723400000000001E-2	2.1152299999999999E-2	SNR (dB)


FER




mcs12, Payload 18336	13	14	15	16	17	18	19	0.20123199999999999	4.2955899999999998E-2	2.9859700000000001E-3	1.2024E-4	mcs13, Payload 19848	13	14	15	16	17	18	19	0.256162	7.0440900000000001E-2	8.6673300000000009E-3	4.7094200000000002E-4	mcs14, Payload 21384	13	14	15	16	17	18	19	0.22346099999999999	5.6803600000000003E-2	6.5330700000000002E-3	1.9038099999999999E-4	mcs15, Payload 22920	13	14	15	16	17	18	19	0.19362099999999999	4.2715400000000001E-2	4.4388800000000001E-3	5.0100199999999998E-5	SNR (dB)


FER




mcs12, Payload 18336	14	15	16	17	18	19	20	0.122525	3.1343099999999999E-2	6.1181400000000002E-3	1.06405E-3	mcs13, Payload 19848	14	15	16	17	18	19	20	0.178282	5.7858800000000002E-2	1.49318E-2	2.7434600000000001E-3	mcs14, Payload 21384	14	15	16	17	18	19	20	0.179759	6.0901900000000002E-2	1.6753500000000001E-2	3.7117299999999999E-3	mcs15, Payload 22920	14	15	16	17	18	19	20	0.18137700000000001	6.5757899999999994E-2	2.0075200000000001E-2	5.1174699999999998E-3	SNR (dB)


FER




mcs12, Payload 18336	15	16	17	18	19	20	21	22	23	0.13400799999999999	5.3168199999999999E-2	1.8704100000000001E-2	6.19617E-3	mcs13, Payload 19848	15	16	17	18	19	20	21	22	23	0.22694400000000001	0.11233	5.1710800000000001E-2	2.2992499999999999E-2	1.07495E-2	mcs14, Payload 21384	15	16	17	18	19	20	21	22	23	0.27283400000000002	0.151112	8.0410800000000004E-2	4.1743500000000003E-2	2.2495000000000001E-2	mcs15, Payload 22920	15	16	17	18	19	20	21	22	23	0.32889200000000002	0.20134299999999999	0.123186	7.5874899999999995E-2	4.7007699999999999E-2	3.1608600000000001E-2	SNR (dB)


FER
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