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1 Introduction

At RAN1 #84bis meeting, simulation scenarios and assumptions for eMBMS enhancement were agreed in [1]. Results based on the assumptions in [1] are presented in this contribution.
2 Simulation Assumptions

Assumptions are aligned with [1]. The propagation model used in the simulation was always based on ITU-R P.1546-5and the assumed antenna height of base station was always 30m.
3 Simulation results 
Two cases have been simulated in this contribution:
A. Fixed (rooftop antenna)

a. Rural deployments with roof top antennas and longer ISDs

C. Mobile outdoor (car mounted antenna)
For simulation results for case B, see [3].

In the simulation, various lengths of CP are used, and the corresponding subcarrier spacing can be found in Table 1.

Table 1. CP lengths and the corresponding subcarrier spacing
	CP Length (us)
	16.67
	33.33
	66.67
	100
	200

	Subcarrier spacing (kHz)
	15
	7.5
	3.75
	2.5
	1.25


For use case A, the SINR CDFs for different lengths of CP are shown in Figure 1.
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Figure 1. CDF of SINR for rooftop scenario
The SINR at 95% coverage probability for each ISD and CP length combination is tabulated in Table 2.
Table 2. SINR at 95% coverage probability, rooftop scenario
	        ISD 
CP
length (µs)
	7 km
	9 km
	11 km
	13 km
	15 km

	16.67
	6.5
	4.6
	3.7
	2.9
	1.7

	33.33
	11.5
	10.0
	8.4
	6.1
	4.9

	66.67
	15.8
	15.6
	14.9
	13.7
	12.0

	100
	15.9
	15.7
	15.3
	14.3
	12.8

	200
	16.0
	15.8
	15.5
	14.5
	13.0


It can be seen that for the rooftop scenario with given ISD, the SINR at 95% coverage probability is increased when the CP length is increased. However, increasing the CP length to longer than 66.67us brings no or only trivial difference. 
Furthermore, the SINR degrades as the ISD increases. When increasing the ISD to be larger than 13 km, the SINR is no better than 13.0 dB, which cannot fulfil the target spectral efficiency of 2 bps/Hz when using Table 7 in the EBU TR 034 [2]. Note that further link level simulation work is needed to check whether the aforementioned table is sufficient for SINR to spectral efficiency mapping.
Observation1: For rooftop scenario with given ISD, the performance of SINR at 95% coverage probability is similar for CP length 66.67us, 100us, 200us.

Observation2: For rooftop scenario with different ISDs, whether the target spectral efficiency of 2 bps/Hz can be fulfilled relies on the link level results, especially for the scenarios when ISD is large.
For use case C, the SINR CDFs for different lengths of CP are shown in Figure 2.
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Figure 2. CDF of SINR for mobile outdoor scenario (velocity = 120 km/h)
The SINR at 95% coverage probability for each ISD and CP length combination is tabulated in Table 3.
Table 3. SINR at 95% coverage probability, mobile outdoor scenario
	        ISD 
CP
length (µs)
	7 km
	9 km
	11 km
	13 km
	15 km

	16.67
	7.2
	5.5
	4.5
	2.8
	1.3

	33.33
	12.7
	11.1
	8.9
	6.1
	3.4

	66.67
	15.5
	13.5
	11.0
	8.8
	5.4

	100
	15.6
	13.7
	11.5
	9.1
	5.7

	200
	14.1
	12.9
	11.0
	8.8
	5.6


For mobile outdoor scenario with given ISD, the SINR at 95% coverage probability is increased when increasing the CP length, and the performance of CP length 66.67us and that of 100us is similar. As expected, when the CP length continues to increase to 200us, the performance begins to degrade due to the SINR penalty from Doppler shift. It can be further expected that for a more realistic high speed UE type in LTE networks (e.g. a handheld UE in a car or in a train with integrated antenna) or if 350 km/h (supported in LTE) is considered, the performance loss will be much higher for CP length of 200us, and will become obvious even for CP length of 100us.
It should be noted that in the mobile outdoor case, the simulation can hardly fully capture the adverse impact of a small subcarrier spacing (i.e. a long CP) to the overall performance. Such an impact should be carefully studied at link level in order to check whether performance loss is acceptable or not. Actually the concern was raised already 10 years ago when LTE eMBMS was being introduced, see e.g. [4] for some considerations and link level simulation results.

Observation3: For mobile outdoor scenario, the performance of SINR at 95% coverage probability is similar for CP length 66.67us and 100us. The performance begins to degrade when the CP length is increased to 200us.
Observation4: For mobile outdoor scenario, whether the target spectral efficiency of 2 bps/Hz can be fulfilled relies on the link level results.
In fact, the real deployment should contain the mix of all the 3 cases, with different proportions of users. For example, it would not be sensible to assume or require that all users in a LTE network providing eMBMS service is “fixed”, in which case the main benefit of a cellular network is lost. 
If only Table 7 in the EBU TR 034 is considered, the ISD satisfying the target spectral efficiency of 2 bps/Hz is <15 km for case A, < 2 km for case B (see [3]), and < 9 km for case C. Hence the suitable ISD for a real deployment is limited to < 2 km. On the other hand, when comparing the simulation assumptions, especially when looking at the assumptions on receiver antenna gain, building penetration loss and height loss, as summarized in Table 4, it can be easily concluded that case B is always the worst case for a given ISD. In other words, for ISD < 2 km and legacy CP length, since the target spectral efficiency of 2 bps/Hz can be fulfilled in case B, it can also be fulfilled in case A and case C. Hence it does not appear necessary to introduce any longer CP to fulfill the target spectral efficiency of 2 bps/Hz.
Table 4. Comparison of key simulation assumptions
	
	Case A
	Case B
	Case C

	Receiver antenna gain
	13.15 dBi
	-7.35 dBi
	3.0 dBi

	Building penetration loss
	N/A
	11 dB
	N/A

	Height Loss:

The difference between the signal level at 10m and the actual receiving antenna height
	0 dB
	23.5 dB
	16.5 dB


Observation5: To fulfill the target spectral efficiency of 2 bps/Hz, a real deployment requires ISD < 2 km, in which case a longer CP length performs similarly to existing CP length and therefore it is not useful to be introduced.
4 Conclusions
In this contribution, the results for different scenarios are presented and the following observations are made.
Observation1: For rooftop scenario with given ISD, the performance of SINR at 95% coverage probability is similar for CP length 66.67us, 100us, 200us.

Observation2: For rooftop scenario with different ISDs, whether the target spectral efficiency of 2 bps/Hz can be fulfilled relies on the link level results, especially for the scenarios when ISD is large.
Observation3: For mobile outdoor scenario, the performance of SINR at 95% coverage probability is similar for CP length 66.67us and 100us. The performance begins to degrade when the CP length is increased to 200us.

Observation4: For mobile outdoor scenario, whether the target spectral efficiency of 2 bps/Hz can be fulfilled relies on the link level results.
Observation5: To fulfill the target spectral efficiency of 2 bps/Hz, a real deployment requires ISD < 2 km, in which case a longer CP length performs similarly to existing CP length and therefore it is not useful to be introduced.
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