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1
Introduction

In RAN1#94-bis and the ensuing email discussion, RAN1 agreed on the set of system level simulation (SLS) and link level simulation (LLS) assumptions and parameters [1], [2]. In this document, we provide the evaluation results based on the SLS and LLS performed according to the RAN1 agreement. We further propose a set of potential enhancements based on these evaluations, which would need to be further verified in RAN1#96. 
In section 3 we provide the SLS results and evaluations. In section 4, we provide the LLS results and evaluations. In section 5, we provide a proposal for potential enhancements and further study. 
2
System level evaluation results
2.1
Simulation model
The SLS parameters were set according to the RAN1 agreement in [1]. The receiver antenna was pointed towards the strongest transmitter, and the users were randomly distributed over the 61-cell grid. We considered the legacy CP lengths of 33.3us, 100us, 200us as well as the potential enhancements with CP lengths of 400us and 600us. The equalization interval was set to 4/3 of the CP length.  
The channel profile was based on the UMA/RMA model in ITU-R M.2412. The path delays were generated according to ITU-R M.2412 sc. 4.3 step 5 and 6. The other aspects of the UMA/RMA model involve modelling of spatial aspects of the channel, including horizontal and vertical antenna patterns, antenna configuration, etc., which were left for further evaluation in [1]. We think that the usage of UMA/RMA model to compute the channel profile is appropriate. On the other hand, since MBMS transmission is based on a single antenna port and does not support spatial or transmit diversity, we do not think that it is beneficial to adopt other aspects of the UMA/RMA model.   

Proposal 1: No further work on the channel model for SLS is necessary beyond what was agreed in [1].

In section 2.2 we present the SLS evaluation and proposal for potential enhancements for MBSFN transmission. In section 2.3 we present the SLS evaluation for synchronized CAS transmission, which we call CAS SFN (this assumes that all the eNBs have the same cell ID and transmit exact same PSS/SSS/PBCH/SIBs). The simulation setup was the same between the two, only for CAS SFN the CP lengths of 4.7us and 16.6us were used.
2.2
Simulation results for MBSFN
Due to the space constraints, we cannot show the SNR curves for all scenarios. Figure 1 shows the SNR CDF for the MPMT rural scenario for rooftop receiver. The tables in this section provide the SNR levels available to 95% of the receivers for each scenario for rooftop and car-mounted receivers. These SNR levels will be used to determine the achievable spectral efficiency using LLS.
Our preliminary system level evaluation of the scenarios involving indoor and in-car receivers seems to indicate that the SNR levels available to the lowest 5% of the receivers could be insufficient for the service. We will perform further evaluations of these scenarios.
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Figure 1 – SNR CDF for rooftop receivers, MPMT
Table 1 shows the SNR (in dB) levels available to 95% of rooftop receivers.

	
	LPLT
	MPMT
	HPHT1
	HPHT2

	CP length
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural

	100us
	15 
	15
	5
	7
	5
	8
	3
	9

	200us
	17
	15.5
	9
	10
	7
	10
	5
	10

	400us
	18
	17
	12
	12
	9
	11.5
	7
	11.5

	600us
	18
	18
	12
	12.5
	11
	12
	8
	12


Table 1 – SNR (in dB) available to 95% of rooftop receivers
Table 2 shows the SNR (in dB) levels available to 95% of car-mounted receivers.
	
	LPLT
	MPMT
	HPHT1
	HPHT2

	CP length
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural

	100us
	2.5
	5
	-1.5
	4
	0
	3
	-7
	0

	200us
	2.5
	5
	0
	7
	2
	6.5
	-7
	2

	400us
	3
	5
	0.5
	7.5
	3
	8
	-5
	3

	600us
	3.5
	7
	1
	7.5
	3
	8
	-5
	3


Table 2 – SNR (in dB) available to 95% of car-mounted receivers
The results above indicate that, except potentially for the HPHT2 urban scenario, the SNR levels available to 95% of the users are good enough. Furthermore, the CP lengths larger than 200us seem to provide boost in the SNR. It would be therefore important to consider CP lengths larger than 200us as a potential Release 16 enhancement. Further evaluation of spectral efficiency based on the LLS is needed before reaching a conclusion.

Observation 1: CP lengths larger than 200us provide SNR boost.

- In the scenarios with rooftop receivers, 2-3 dB SNR gain is observed with respect to 200us.


- In the scenarios with car-mounted antennas, 1-2 dB SNR gain is observed with respect to 200us.
Proposal 2: Consider CP lengths larger than 200us (i.e. 400us and 600us) as potential Release16 enhancements, subject to further evaluations based on LLS.
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Figure 2 – SNR CDF for car-mounted receivers, LPLT
Figure 2 shows the SNR CDF for the MPMT rural scenario for rooftop receiver. The CP length of 100us provides the SNR very close to the larger CP lengths. When the Doppler shift is considered at higher speeds, it is expected that the spectral efficiency for CP length of 100us may be higher than for the larger CP lengths. It seems that it would be beneficial to evaluate the spectral efficiency for CP length of 100us in view of adding it as a potential Release 16 enhancement.  
Observation 2: For car-mounted scenarios, CP length of 100us provides the SNR close to larger CP lengths.
Proposal 3: Further evaluate spectral efficiency achievable with CP length of 100us in view of adding it as a potential Release 16 enhancement. 
2.3
Simulation results for CAS SFN

The tables in this section provide the SNR levels available to 95% of the receivers for each scenario for rooftop and car-mounted receivers for CAS SFN. Table 3 shows the SNR (in dB) levels available to 95% of rooftop receivers.

	
	LPLT
	MPMT
	HPHT1
	HPHT2

	CP length
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural

	4.7us
	7
	9
	4
	6
	3
	7
	0
	7.5

	16.6us
	8
	9
	4
	6
	3
	7
	1
	7.5


Table 3 – SNR (in dB) available to 95% of rooftop receivers, CAS SFN
Table 4 shows the SNR (in dB) levels available to 95% of car-mounted receivers.

	
	LPLT
	MPMT
	HPHT1
	HPHT2

	CP length
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural
	Urban
	Rural

	4.7us
	-6
	-1.5
	-3.5
	-0.5
	-2
	0
	-2.5
	-1.5

	16.6us
	-4.5
	0
	-3
	0
	-2
	0
	-2.5
	-1.5


Table 4 – SNR (in dB) available to 95% of car-mounted receivers

Since the SNR requirements for CAS are more relaxed than for MBSFN, the achievable SNR values seem to be enough to avoid being the limiting factor.
Observation 3: SNR levels for CAS SFN available to 95% of users are above the assumed limit for synchronization (~-6dB SNR).
3
Link level simulations
3.1
Simulation model

The LLS parameters were set according to the RAN1 agreement in [1]. The channel estimation is based on the staggered DMRS pattern over two consecutive symbols. We used the TDL-A channel profile for NLOS and TDL-E for LOS (rooftop) scenarios. The channel delays were scaled up by a DS constant, computed based on the SLS. Table 5 shows the DS scaling factors, in microseconds, computed from the SLS:

	
	LPLT
	MPMT
	HPHT1
	HPHT2

	LOS
	16
	35
	45
	70

	NLOS
	20
	40
	50
	75


Table 5 – DS scaling factors in microseconds
3.2
Simulation results
Figure 2 shows the achievable throughput corresponding to the HPHT1 rooftop scenario. This means that the DS scaling factor was set to 45us (according to Table 5). According to Table 1, the SNR level available to 95% of the receivers for this scenario is 7-10dB for CP length of 200us and 9 -11.5 dB for CP length of 400us. According to Figure 3, at 1% BLER, this would translate to the throughput in the range of 8-10 Mbps for CP length of 200us and 10–12 Mbps for CP length of 400us.
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Figure 3 – Achievable throughput for HPHT1 scenario LOS (rooftop) 
5
Conclusion
The following observations and proposals are provided:

Observation 1: CP lengths larger than 200us provide SNR boost.

- In the scenarios with rooftop receivers, 2-3 dB SNR gain is observed with respect to 200us.


- In the scenarios with car-mounted antennas, 1-2 dB SNR gain is observed with respect to 200us.
Observation 2: For car-mounted scenarios, CP length of 100us provides the SNR close to larger CP lengths.

Observation 3: SNR levels for CAS SFN available to 95% of users are above the assumed limit for synchronization (~-6dB SNR).
Proposal 1: No further work on the channel model for SLS is necessary beyond what was agreed in [1].

Proposal 2: Consider CP lengths larger than 200us (i.e. 400us and 600us) as potential Release16 enhancements, subject to further evaluations based on LLS.

Proposal 3: Further evaluate spectral efficiency achievable with CP length of 100us in view of adding it as a potential Release 16 enhancement. 
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