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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 in [1] and [2]. In RAN1#95, preliminary SLS and LLS results were presented in [3]. These results led to the following enhancements to be the focal point of further studies and evaluations:

1. CP lengths larger than 200us, targeting rooftop deployments with large ISD; and

2. CP length of 100us, targeting car-mounted receivers in LPLT scenarios.

These enhancements were also proposed in [4], based on independent evaluations. 

In this document, we provide SLS and LLS results in view of evaluating the benefits of the above enhancements. We propose new numerologies for the MBMS-dedicated carrier that are compatible with these results and with several constraints that need to be considered. We also provide the evaluation of the spectral efficiency of the proposed new numerologies. 
In section 2 we provide the SLS results and evaluations. In section 3, we provide the LLS results and evaluations. In section 4, we summarize our proposals and conclusions. 
2
System level evaluation results
2.1
Simulation model
The SLS parameters were set according to the RAN1 agreement in [1]. Additional considerations are explained in [3]. 
The numerologies included in SLS are shown in Table 1. Numerologies with Tcp > 200us were selected based on the considerations described in the appendix, assuming the duration of the MBSFN region of 39ms. 
	Tcp (us)
	Tu (us)
	Numerology (kHz)
	FFT size
	RS density
	EI length / Tcp
	# of MBSFN subframes
	Target scenario

	100
	400
	2.5
	6144
	1/3
	1.3
	N/A
	car-mounted

	200
	800
	1.250
	12288
	1/3
	1.3
	39 (legacy)
	rooftop

	300
	2700
	0.370
	41472
	1/5
	1.8
	13
	rooftop

	300
	2700
	0.370
	41472
	1/3
	3.0
	13
	rooftop

	386
	2400
	0.417
	36864
	1/5
	1.2
	14
	rooftop

	386
	2400
	0.417
	36864
	1/3
	2.0
	14
	rooftop


Table 1 – Numerologies under evaluation in SLS

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. In section 2.4, we show the evaluation of the single cell (non-SFN) CAS. In section 2.5, we present the evaluation of MUST. 
2.2
Simulation results for MBSFN
Figure 1 shows the SNR CDF for MPMT scenario and rooftop RMA receiver. We see that the SNR gain from employing new numerologies w.r.t. Rel.14 1.25kHz numerology is substantial. We considered the cases where the transmit power is boosted by 10dB, in order to understand whether a scenario is noise-limited or interference-limited. Note that the case of 10dB power boost is a good approximation of the following scenarios:

-
a base station is operating at a lower bandwidth (e.g. 1.4MHz) and keeps the same transmit power; or

-
for MPMT, increasing transmitter height from 100m to 300m is roughly equivalent to boosting the transmit power by 10dB.

The figure indicates that the MPMT scenario with rooftop receiver is almost interference-limited. Indeed, further power boosting beyond 10dB (not shown) did not provide substantial benefit. We observe a substantial increase in SNR by moving to longer cyclic prefixes.
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Figure 1 – SNR CDF for MBSFN for rooftop receivers with nominal tx power (left) and +10dB tx power (right)
Figure 2 plots the SNR CDF of car-mounted receivers for LPLT and MPMT scenarios. For 15km ISD, the 200us numerology offers a slight advantage in terms of SNR with respect to the 100us numerology, while the Rel-14 33us numerology has a ~10dB loss. For MTMP, the gain at 95% SNR of 200us with respect to 100us is around 4dB.
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Figure 2 – SNR CDF for MBSFN for car-mounted receivers with nominal Tx power LPLT (left) and MPMT (right)

Figure 3 show the 95% SNR levels for the rooftop receiver for all scenarios, respectively. We provide the results for the baseline configuration described in [1] as well as for the cases where the 50/50 propagation model is used in lieu of 50/1. This is to understand the impact of the assumption of the propagation model on the results. 
From Figure 3, the new numerologies are indeed needed to improve the SNR with respect to the baseline for rooftop receivers for scenarios beyond those considered in Rel-14 (i.e. for MPMT and beyond). There is also a measurable benefit from extending the equalization interval by extending Tu. Furthermore, the rooftop scenarios are mostly interference-limited and therefore the 50/1 pathloss assumption has substantial negative impact on the SNR levels with respect to 50/50 pathloss. Finally, we note that, for HPHT2 scenario, the nominal transmitted signal energy is not enough to overcome the ISD of 173km even for the rooftop receiver. In order to consider providing broadcast service in this scenario, it would be necessary to find ways to substantially boost up the transmitted signal. Consequently, we will not consider the HPHT2 scenario any further in this contribution. 
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Figure 3 – 95% SNR levels for MBSFN for rooftop receivers

Observation 1: Significant improvement in SNR with respect to the Rel.14 1.25 kHz numerology is available by using numerologies with Tcp ≥ 300ms:
· for rooftop receiver for MPMT and HPHT up to 10dB SNR improvement
Observation 2: HPHT2 scenario seems challenging to provide service-level coverage even for the rooftop receiver. 
Observation 3: Reducing RS density in the frequency domain (reducing EI) in the interference-limited scenarios incurs a 1-3 dB penalty in the SNR.   
2.3
Simulation results for CAS SFN

Table 2 provides the SNR levels available to 95% of the receivers for each scenario for rooftop receivers, for CAS SFN. 
	
	LPLT
	MPMT
	HPHT1

	Tcp (us)
	50/1 nom. pwr
	50/50 nom. pwr
	50/1 

+10dB pwr
	50/50 

+10dB pwr
	50/1 nom. pwr
	50/50 nom. pwr
	50/1 

+10dB pwr
	50/50 

+10dB pwr
	50/1 nom. pwr
	50/50 nom. pwr
	50/1 

+10dB pwr
	50/50 

+10dB pwr

	4.7
	8.3
	12.2
	8.5
	12.6
	-5.9
	-0.1
	-6.0
	0
	-9.3
	0.5
	-9.6
	0.7

	16.6
	8.9
	12.8
	8.6
	13.0
	-5.6
	-0.1
	-5.8
	0
	-9.2
	0.6
	-9.3
	0.9


Table 2 – 95% SNR levels for CAS SFN for rooftop receivers

Since CAS operation is inherently interference-limited, the stronger interference assumption in the 50/1 model drags the SNR down by up to 10 dB. In the HPHT1 scenario, the 50/1 vs. 50/50 assumption is deciding factor when comes to the availability of service coverage. The rationale for the strong negative impact of the 50/1 model is that using the 1% assumption for signal value for the interfering transmitters boosts the inter-symbol interference, which reflects directly on the SNR, due to the short CP/EI duration in relation to the delay spread of the channel. Note that, in general, the assumption of 50/1 for CAS in a negative SNR regime may be overly pessimistic, since the UE performs cell selection based on 50/50, and then the interference is boosted to 50/1. In a realistic scenario, in case the interfering link pathloss is decreased and becomes substantially stronger than the serving cell, the UE will just perform cell reselection and start decoding the CAS from the interfering cell.
Observation 4: SNR levels for CAS SFN available to 95% of users are above the assumed limit for synchronization (~-6dB SNR) for LPLT and MPMT scenarios.
2.4
Simulation results for single cell CAS/SC-PTM
Table 3 provides the SNR levels available to 95% of the receivers for each scenario for rooftop receivers for single cell CAS. The required SNR levels for single cell CAS are equivalent to SC-PTM.
The same observations apply for single cell CAS as for synchronized CAS transmission. Furthermore, in comparison with the CAS SFN results, one can infer that synchronized CAS transmission provides an SNR gain of up to 1.5 dB. As expected, the SNR levels are substantially lower for CAS/SC-PTM than for MBSFN transmission (>10dB difference for all interference limited cases).
	
	LPLT
	MPMT
	HPHT

	Tcp (us)
	50/1 nom. pwr
	50/50 nom. pwr
	50/1 nom. pwr
	50/50 nom. pwr
	50/1 nom. pwr
	50/50 nom. pwr

	4.7
	7.4
	11.2
	-6.6
	-0.7
	-10.0
	0.2

	16.6
	7.5
	11.3
	-6.2
	-0.7
	-9.5
	0.3


Table 3 – 95% SNR levels for CAS non-SFN/SC-PTM for rooftop receivers
Observation 5: SNR levels for single cell CAS available to 95% of users are above the assumed limit for synchronization (~-6dB SNR) for LPLT and MPMT scenarios.

Observation 6: Synchronized CAS transmission (CAS SFN) provides SNR gain of up to 1.5 dB. 
2.5
Evaluation of MUST

In a MUST receiver model, the transmit power is split between the base layer (BL) and the enhanced layer (EL), such that the fraction α of the transmit power is assigned to the EL. The BL observes the EL layer signal as noise, whereas the EL can completely cancel out the BL signal. The BL needs to maintain 95% of coverage whereas the coverage % of the EL can vary. The total throughput with MUST is computed as the aggregate of the throughputs of the BL and the EL, and it depends on α and the coverage % of the EL. The total throughput gain with MUST (GMUST) is computed w.r.t. the total throughput of a TDM scheme in which the required coverage % is set based on the EL target during x % of time and based on the BL target (95%) during (1 – x) % of time.   
Figure 4 shows that the MUST throughput gain is less than 1% for rooftop receiver in LPLT scenario. For MPMT scenario, the gain is in single digits % and goes down quickly as the EL coverage % grows. Furthermore, any increase in the transmit signal power further reduces the gain.
Observation 7: For rooftop receivers, the gain from MUST is < 1% for LPLT and < 10% for MPMT.
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Figure 4 – Throughput gain [%] of MUST vs. TDM
4
Link level simulations
4.1
Simulation model

The LLS parameters were set according to the RAN1 agreement in [1]. We used the TDL-A channel profile for NLOS and TDL-E for LOS (rooftop) scenarios, with the channel delays scaled up by a DS constant provided in [3]. 
4.2
Simulation results
We performed link level simulations for the following scenarios:
	Scenario
	Receiver type
	Numerologies
	Speeds (kmph)

	LPLT, MPMT
	Car-mounted
	100/400/0.33/1.3, 200/800/0.33/1.3
	3, 60, 120, 250

	MPMT
	Rooftop
	200/800/0.33/1.3, 386/2400/0.33/2.0
	0

	HPHT1
	Rooftop
	200/800/0.33/1.3, 386/2400/0.33/2.0
	0


Table 4 – Scenarios under evaluation in LLS
Figure 5 shows the results for the car-mounted receiver in the LPLT scenario at 250 kmph. We observe a 3dB gain provided by the 100us numerology with respect to the Rel.14 200us numerology in the high SNR region. Moreover, while the 100us numerology could reach beyond 15Mbps (1.5 b/s/Hz), the Rel.14 200us numerology could not close the link beyond that point. 
[image: image12.emf]4 6 8 10 12 14 16 18 20

SNR

10

-2

10

-1

10

0

B

L

E

R

Numerology: 100/400, Scenario: Car-mounted LPLT, Speed: 250 kmph, Modulation: 16QAM

11.4Mbps

13.4 Mbps

14.1 Mbps

15.3 Mbps

16.4 Mbps

7.0 Mbps

8.0 Mbps

8.8 Mbps

9.9 Mbps

   [image: image13.emf]4 6 8 10 12 14 16 18 20

SNR equivalent to system simulator (dB)

10

-2

10

-1

10

0

B

L

E

R

Numerology: 200/800, Scenario: Car-mounted LPLT, Speed: 250 kmph, Modulation: 16QAM

11.4Mbps

13.4 Mbps

14.1 Mbps

15.3 Mbps

16.4 Mbps

7.0 Mbps

8.0 Mbps

8.8 Mbps

9.9 Mbps


Figure 5 – Achievable throughput for car-mounted receivers in LPLT scenario at 250 kmph
4.3
Spectral efficiency evaluation
Figure 6 shows the achieved spectral efficiency for the rooftop scenarios evaluated in section 4.2. We also show the evaluations for the 50/50 propagation model. We observe that the new numerology doubles the spectral efficiency for the MPMT scenario for the 50/1 model whereas for the HPHT1 scenario the SE is increased fivefold. We also note that the 50/1 model comes at a cost of about 70% lower SE for the HPHT1 scenario wr.t. the 50/50 model.
Observation 8: New proposed numerologies can improve SE by 100% for MPMT rooftop scenario and by 500% for HPHT1 rooftop scenario.   
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Figure 6 – Spectral efficiency for rooftop receivers
For the car mounted LPLT scenario, the spectral efficiencies for different speeds under different numerologies and channel models are shown in Table 5 and 6. We observe that the SNR gain achieved by the 200us numerology, while providing a gain at low speeds, vanishes at high speeds. For the 50/50 propagation model at 250km/h, the 100us numerology provides a 14% gain in spectral efficiency.
Table 5: Achievable 95% SNR and SEs for car-mounted LPLT receivers (50/1 model, nominal power).

	
	95% SNR
	SE 

(3 km/hr)
	SE 

(60 km/hr)
	SE 

(120 km/hr)
	SE 

(250 km/hr)

	Numerology: 100/400
	13 dB
	1.53 bps/Hz
	1.41 bps/Hz
	1.3 bps/Hz
	1.14 bps/Hz

	Numerology: 200/800
	14.4 dB
	1.64 bps/Hz
	1.53 bps/Hz
	1.41 bps/Hz
	1.14 bps/Hz


Table 6: Achievable 95% SNR and SEs for car-mounted MPMT receivers (50/50 model, nominal power).

	
	95% SNR
	SE 

(3 km/hr)
	SE 

(60 km/hr)
	SE 

(120 km/hr)
	SE 

(250 km/hr)

	Numerology: 100/400
	14.3 dB
	1.64 bps/Hz
	1.53 bps/Hz
	1.41 bps/Hz
	1.3 bps/Hz

	Numerology: 200/800
	14.6 dB
	1.64 bps/Hz
	1.53 bps/Hz
	1.41 bps/Hz
	1.14 bps/Hz


Observation 9: For LPLT with 50/50 propagation model, 250km/h, 100us numerology provides a 14% gain in throughput with respect to 200us numerology.

For MPMT scenario, we show the achievable SNRs and spectral efficiencies for 120km/h in Table 7. Under the baseline scenario, MPMT is noise limited. Increasing the transmitter height from 100m to 150m provides a gain of around 3.5dB SNR. Under the baseline setting, the achievable spectral efficiency is 0.88bps/Hz, whereas for the modified height it increases to more than 1.14bps/Hz. The SNR curves are shown in Figure 7 for comparison.
Table 7: Achievable 95% SNR and SE for car-mounted MPMT scenarios, numerology 200/800
	
	95% SNR
	SE

(120 km/hr)

	100m Transmitter height
	9.75dB
	0.88 bps/Hz

	150m Transmitter height
	13.2 dB
	>1.14 bps/Hz
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Figure 7: SNR CDF for MPMT (left) and modified MPMT (150m height)
Observation 10: The spectral efficiency for MPMT scenario with Rel-14 numerology (200/400) provides the following spectral efficiencies at 120km/h:
- Nominal transmitter height (100m): 0.88bps/Hz

- 150m transmitter height: >1.14bps/Hz

5
Conclusion
The following observations and proposals are provided:

Observation 1: Significant improvement in SNR with respect to the Rel.14 1.25 kHz numerology is available by using numerologies with Tcp ≥ 300ms:

· for rooftop receiver for MPMT and HPHT up to 10dB SNR improvement

Observation 2: HPHT2 scenario seems challenging to provide service-level coverage even for the rooftop receiver. 
Observation 3: Reducing RS density in the frequency domain (reducing EI) in the interference-limited scenarios incurs a 1-3 dB penalty in the SNR.   
Observation 4: SNR levels for CAS SFN available to 95% of users are above the assumed limit for synchronization (~-6dB SNR) for LPLT and MPMT scenarios.

Observation 5: SNR levels for single cell CAS available to 95% of users are above the assumed limit for synchronization (~-6dB SNR) for LPLT and MPMT scenarios.

Observation 6: Synchronized CAS transmission (CAS SFN) provides SNR gain of up to 1.5 dB. 

Observation 7: For rooftop receivers, the gain from MUST is < 1% for LPLT and < 10% for MPMT.


Observation 8: New proposed numerologies can improve SE by 100% for MPMT rooftop scenario and by 500% for HPHT1 rooftop scenario.   

Observation 9: For LPLT with 50/50 propagation model, 250km/h, 100us numerology provides a 14% gain in throughput with respect to 200us numerology.

Observation 10: The spectral efficiency for MPMT scenario with Rel-14 numerology (200/400) provides the following spectral efficiencies at 120km/h:

- Nominal transmitter height (100m): 0.88bps/Hz

- 150m transmitter height: >1.14bps/Hz

Proposal 1: Capture observation 1 through 10 in the TR.
Appendix A – Evaluation results

A.1
Evaluation assumptions
	Source
	Assumption options
	Selected assumption

	Qualcomm
	Rooftop antenna alignment: 
Opt1: strongest transmitter (including shadowing)
Opt2: closest transmitter
	Opt1

	
	UE distribution:

Opt1: Uniform

Opt2: Worst case


	Opt1

	
	Pathloss model:

Opt1: 50/1
Opt2: 50/50
	Both

	
	Equalization interval positioning
	Maximum energy window


A.2
Numerologies
	Source
	Numerology ID
	Tcp [us]
	Tu [us]
	Subcarrier spacing
	FFT size 

(Ts = 1/15.35 MHz)
	RS density

	Qualcomm
	1
	100
	400
	2.5
	6144
	1/3

	
	2
	200
	800
	1.250
	12288
	1/3

	
	3
	300
	2700
	0.370
	41472
	1/5

	
	4
	300
	2700
	0.370
	41472
	1/3

	
	5
	386
	2400
	0.417
	36864
	1/5

	
	6
	386
	2400
	0.417
	36864
	1/3


Appendix B - Considerations for new numerologies for MBMS-dedicated carrier

The following are some considerations for new numerologies for the MBSFN subframes of the MBMS-dedicated carrier with Tcp > 200us:

-
FFT size:

-
At the sampling rate of 1024 * 15Hz = 15.36 MHz for 10MHz carrier, each 1ms of symbol duration adds about 16K to the FFT size. In DVB-T2, the largest FFT size is 32K, which corresponds to the useful symbol duration Tu ~ 2ms; 
-
Due to large FFT size, it should have prime factors of 2 and 3 only;

-
One MBSFN symbol per transport block;

-
Whole number of MBSFN symbols in the MBSFN region of the MBMS-dedicated carrier. The possible sizes of the MBSFN region are between 30ms and 39ms, in one millisecond increments; and 

-
It is not necessary to fit within the 10ms radio frame. 
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