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1.
Introduction

The New WID on LTE-based 5G terrestrial broadcast [1] states that 3GPP should “Specify, if found necessary, enhancements to the physical channels and signals in the CAS [RAN1, RAN4]”
This document summarises further work that has been carried out to better understand the minimum required SINR that the CAS would have to meet in order to ensure robust reception in various combinations of network (LPLT, MPMT, HPHT) and reception type (car mounted and fixed rooftop). The document also summarises investigations carried out in order to determine the effect that different UE FFT window positioning strategies and receiving antenna alignment methodologies may have on the SINR requirements for the CAS.
2.
Background
The simulations in this document have been carried out according to the framework set out in [2] and in conjunction with the clarifications below.
2.1 Receiver Synchronisation
As only one MBSFN area is considered in the simulations it has been assumed that a UE may attempt to synchronise with the network by finding the strongest CAS at each particular location, irrespective of which transmitter the CAS originates from. For the simulations in this document, this assumption implies that, once found, the strongest CAS at each location would be defined as the wanted signal. 

2.2 Model of Signals’ Variation in Time

Two different time models have been used in this document: the 50/50 and 50/1 wanted/interferer models as described in [2]. The 50/1 nomenclature, for example, means the wanted signals are computed at their 50% time levels while the interferers are computed at 1% time.
2.3 FFT Window Positioning Strategy
In SFN the receiver will ‘see’ a number of signal echoes with various delays and amplitudes depending on the receiving location and geometry of the network. Different strategies may be used to position the receiver’s FFT window in the presence of such echoes. As different positioning strategies may affect the outcome of coverage simulations, and none has been defined in [2], three common strategies have been investigated in this paper, as described below and illustrated in figure 1. 
· First Signal Above Threshold: the beginning of the FFT window is positioned to align with the first echo received above a threshold.
· Strongest Signal: the beginning of the FFT window is positioned to align with the strongest echo received.
· Maximum Energy in CP: the beginning of the FFT window is positioned in order to maximise the amount of energy from the received echoes that falls within the duration of the CP.
In general, it is expected that the maximum energy window strategy would provide a higher received SINR throughout the network compared with the other two while the first above a threshold noise strategy would provide the lowest.
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Figure 1: FFT Window Positioning Strategies. a) First Signal Above a Threshold b) Strongest Signal. c) Maximum Energy in CP 
2.4 CAS Configuration (Single Cell vs SFN)
Two main ways of configuring the CAS in a network have been considered in this document: Single Cell and SFN, as described below.

2.4.1 Single Cell

In this configuration each site or sector in the network transmits (on the same frequency) a unique CAS (e.g. with different physical cell identities). In this configuration the CAS would not, therefore, form a conventional SFN, and the CAS from each transmitter would interfere with, and suffer interference from, the CAS from all other transmitters in the network. Two further sub-configurations of single cell have been considered in this document.
· Three Independent Sectors per Site: every sector at every site transmits a unique CAS. Independent unicast from each sector is therefore possible.
· Three Sectors in SFN at each Site: all three sectors at each site are synchronised and transmit the same CAS, forming an SFN between the three sectors at each site. Each site would transmit a different CAS, and thus the CAS from each site would interfere with each other.
2.4.2 SFN

In this configuration all the sites and sectors within the network transmit the same CAS, forming a conventional SFN. Throughout this document the 16µs CP has been used to model the CAS SFN.
2.5 99th Percentile for Area Coverage
European broadcasters often have obligations to provide terrestrial television services to 99% or more of the population [3], and radio services to similar levels of population and road coverage. For this reason, this document considers that the 99th percentile of coverage throughout the network is a suitable target. The 95th percentile has been documented for completeness.
3.
CAS Car Mounted 
In this section the CAS is investigated for the car mounted scenario. Throughout this section the wanted signal has been defined as the strongest signal after location variation.
3.1 Single Cell
Table 1 shows the SINR achievable for the 95th and 99th percentile for a number of single cell scenarios aimed at car mounted reception. As can be seen from the table, the achievable SINR is sensitive to the time-model that is used and the scenario that is modelled. The conventional 50/1 model indicates the CAS would need to be more robust than indicated by the 50/50 model. The HPHT1 scenario is the most onerous with the 50/1 model while LPLT is more onerous with the 50/50 model.        

	Network Topology
	Tx Antenna
	FFT Synchronisation Strategy
	95th Percentile Entire Area
	99th Percentile Entire Area

	
	
	
	50/50
	50/1
	50/50
	50/1

	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	-2.2
	-5.2
	-4.0
	-7.1

	LPLT 3 Sector SFN
	Sectorised
	Strongest
	-2.1
	-5.2
	-4.0
	-7.0

	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	-2.1
	-5.2
	-4.0
	-7.0

	LPLT 3 Independent Sectors
	Sectorised
	N/A
	-2.9
	-5.8
	-4.6
	-7.7

	MPMT
	Omni
	N/A
	-1.0
	-5.5
	-2.8
	-7.4

	HPHT1
	Omni
	N/A
	-0.3
	-9.0
	-2.3
	-11.1


Table 1: Achievable SINR for car mounted single cell.
Observation 1: For car mounted reception in single cell networks the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1) and the scenario (e.g. HPHT1, MPMT or LPLT).

3.2 SFN

This section investigates the performance of the CAS where all transmitters in the network operate in an SFN (16µs CP). Simulation results for the three different FFT window positioning strategies are summarised in table 2. 
	FFT Window Positioning Strategy
	Network Topology
	Tx Antenna
	95th Percentile Entire Area
	99th Percentile Entire Area

	
	
	
	50/50
	50/1
	50/50
	50/1

	First above a threshold
	LPLT
	Sectorised 
	3.6
	0.1
	0.0
	-3.4

	
	MPMT
	Omni
	-1.5
	-6.3
	-6.8
	-11.3

	
	HPHT1
	Omni
	-1.3
	-10.7
	-7.1
	-16.5

	Strongest signal
	LPLT
	Sectorised 
	0
	-2.7
	-2.4
	-5.1

	
	MPMT
	Omni
	-0.3
	-4.7
	-2.4
	-6.9

	
	HPHT1
	Omni
	-0.2
	-8.4
	-1.9
	-10.9

	Maximum energy
	LPLT
	Sectorised 
	3.3
	-0.1
	0.0
	-2.9

	
	MPMT
	Omni
	0.4
	-4.0
	-1.4
	-6.2

	
	HPHT1
	Omni
	0.6
	-8.1
	-1.4
	-10.5


Table 2: Achievable SINR for car mounted reception in SFN 
Table 2 shows that the achievable SINR for car mounted reception in SFN is also dependent on the time model used, with the 50/1 model being more onerous than the 50/50 model. The network topology also has a significant influence of the achievable SINR for the CAS in the network.

The FFT window positioning strategy also has a significant impact on the achievable SINR for the CAS in the network where the maximum energy FFT positioning method would provide the highest SINR in almost every case (all but one). Therefore, when determining the performance requirement of the CAS in SFN it is important to clearly state which FFT positioning strategy is to be used. Furthermore, in the case of broadcasting it may be necessary for the standards to reflect this finding should the FFT window positioning strategy be fundamental to meeting the CAS performance requirements.
Observation 2: For car mounted reception in SFN the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1) and the scenario (e.g. HPHT1, MPMT or LPLT).

Observation 3: For car mounted reception in SFN the achievable SINR of the CAS is sensitive to the UE’s FFT window positioning strategy. 
4. Fixed Rooftop
4.1 Receiving Antenna Alignment 

A number of different receiving antenna alignment strategies are possible for simulations involving fixed rooftop antenna, each of which may affect the results. Two strategies (described below) have been considered in this document. 

•
Strongest transmitter before location variation: the main lobe of the receiving antenna is aligned to the transmitter providing the highest signal strength at the receiving location before location variation is added. Due to the regular nature of the transmitter networks used herein and the monotonic decay of the ITU-R P.1546-5 field strength with distance, aligning the receiving antenna to the strongest transmitter before location variation is equivalent to aligning it to the closest transmitter. 

•
Strongest transmitter after location variation: the main lobe of the receiving antenna is aligned to the transmitter that provides the strongest signal at the receiving location, after location variation has been applied.

Once the receiving antenna has been aligned and the received signals have been adjusted accordingly, the strongest signal is then taken to be the wanted signal. 

[4] sets out that it is desirable to avoid the need to realign receiving antennas in situations where they already exist. The strongest transmitter before location variation method may therefore be best suited for modelling these situations while the strongest transmitter after location variation may be more suitable for modelling green field situations where there is no need to consider the existing population of installed receiving antennas. Results for both methodologies have therefore been presented below.
4.2 Single Cell
Table 3 shows the SINR achievable for the 95th and 99th percentile for a number of single cell scenarios aimed at fixed rooftop reception. As can be seen from the table, the achievable SINR is, again, sensitive to the time-model that is used. Although the most onerous case for single cell fixed rooftop reception would be LPLT with three independent sectors and receiving antenna alignment before location variation, this use case may not need further consideration as there are unlikely to be any legacy networks for which support for this mode will be required. 

The most critical case therefore appears to be MPMT independent sectors case in which receiving antennas are aligned to the strongest signal before location variation.
	Rx Antenna Alignment
	Network Topology
	Tx Antenna
	FFT Synchronisation Strategy
	95th Percentile Entire Area
	99th Percentile Entire Area

	
	
	
	
	50/50
	50/1
	50/50
	50/1

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	6.7
	7.2
	1.9
	3.8

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	Strongest
	6.7
	7.2
	1.9
	3.8

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	6.7
	7.2
	1.9
	3.8

	Strongest b. LV
	LPLT 3 Ind. Sectors
	Sectorised
	N/A
	-2.1
	0.5
	-8.7
	-1.7

	Strongest b. LV
	MPMT
	Omni
	N/A
	8.4
	2.8
	2.6
	-2.8

	Strongest b. LV
	HPHT1
	Omni
	N/A
	11.2
	1.1
	4.8
	-5.0

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	11.7
	7.2
	8.5
	3.8

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	Strongest
	11.7
	7.2
	8.5
	3.8

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	11.7
	7.2
	8.5
	3.8

	Strongest a. LV
	LPLT 3 Ind. Sectors
	Sectorised
	N/A
	2.3
	0.5
	0.2
	-1.7

	Strongest a. LV
	MPMT
	Omni
	N/A
	14.5
	7.6
	12.4
	4.3

	Strongest a. LV
	HPHT1
	Omni
	N/A
	16.2
	6.0
	14.4
	3.3


Table 3: Achievable SINR for single cell, fixed rooftop reception
Observation 4: For fixed rooftop reception in single cell networks the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1), the scenario (e.g. HPHT1, MPMT or LPLT), and the receiving antenna alignment methodology.

4.3 SFN
Table 4 shows the SINR achievable for the 95th and 99th percentile for a number of scenarios aimed at fixed rooftop reception in CAS SFN (16µs CP). As can be seen from the table, for each type of network the achievable SINR is again sensitive to the time-model that is used, the receiving antenna alignment methodology and the FFT window positioning strategy. 
	Rx Antenna Alignment
	FFT Synchronisation Strategy
	Network Topology
	Tx Antenna
	95th Percentile Entire Area
	99th Percentile Entire Area

	
	
	
	
	50/50
	50/1
	50/50
	50/1

	Strongest b. LV
	1st above a threshold
	LPLT
	Sectorised
	10.9
	8.2
	6.3
	4.3

	Strongest b. LV
	1st above a threshold
	MPMT
	Omni
	12.3
	4.8
	7.3
	0.1

	Strongest b. LV
	1st above a threshold
	HPHT1
	Omni
	14.0
	3.1
	7.6
	-2.9

	Strongest a. LV
	1st above a threshold
	LPLT
	Sectorised
	12.6
	7.6
	7.0
	2.2

	Strongest a. LV
	1st above a threshold
	MPMT
	Omni
	-15.3
	-20.2
	-22.0
	-26.5

	Strongest a. LV
	1st above a threshold
	HPHT1
	Omni
	-14.9
	-25.0
	-22.7
	-32.2

	Strongest b. LV
	Strongest
	LPLT
	Sectorised
	9.3
	8.2
	4.0
	4.3

	Strongest b. LV
	Strongest
	MPMT
	Omni
	12.1
	4.7
	6.6
	-0.4

	Strongest b. LV
	Strongest
	HPHT1
	Omni
	14.0
	3.1
	7.6
	-2.9

	Strongest a. LV
	Strongest
	LPLT
	Sectorised
	12.5
	7.9
	9.0
	4.1

	Strongest a. LV
	Strongest
	MPMT
	Omni
	15.0
	7.8
	12.7
	4.4

	Strongest a. LV
	Strongest
	HPHT1
	Omni
	16.6
	6.3
	14.6
	3.6

	Strongest b. LV
	Max energy window
	LPLT
	Sectorised
	10.9
	8.2
	6.3
	4.3

	Strongest b. LV
	Max energy window
	MPMT
	Omni
	12.2
	4.8
	7.2
	0.1

	Strongest b. LV
	Max energy window
	HPHT1
	Omni
	14.1
	3.2
	7.9
	-2.7

	Strongest a. LV
	Max energy window
	LPLT
	Sectorised
	13.2
	8.2
	9.3
	4.3

	Strongest a. LV
	Max energy window
	MPMT
	Omni
	15.5
	8.0
	13.0
	4.5

	Strongest a. LV
	Max energy window
	HPHT1
	Omni
	16.9
	6.5
	14.9
	3.7


Table 4:  Achievable SINR for CAS SFN, fixed rooftop reception 
Should it be possible to rely on receivers operating with the maximum energy window FFT algorithm, the most onerous case for single cell fixed rooftop reception would be the HPHT1 case under the strongest transmitter before location variation antenna alignment strategy.  In this situation the achievable SINR for the CAS is 7.9 dB with the 50/50 model and -2.7dB with the 50/1 model. The achievable SINR would improve significantly should it be possible to align the receiving antenna to the strongest possible signal at each location: 14.9dB for 50/50 and 3.7dB for 50/1. 

Observation 5: For fixed rooftop reception in SFN the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1), the scenario (e.g. HPHT1, MPMT or LPLT), the receiving antenna alignment methodology, and the UE’s FFT window positioning strategy.

6. Summary

Network simulations have been carried out for a large number of network configurations, receiving environments and a number of other assumptions such as UE FFT window positioning in SFN strategies and receiving antenna alignment . Based on these simulations the following observations have been made: 
Observation 1: For car mounted reception in single cell networks the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1) and the scenario (e.g. HPHT1, MPMT or LPLT).

Observation 2: For car mounted reception in SFN the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1) and the scenario (e.g. HPHT1, MPMT or LPLT).

Observation 3: For car mounted reception in SFN the achievable SINR of the CAS is sensitive to the UE’s FFT window positioning strategy.
Observation 4: For fixed rooftop reception in single cell networks the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1), the scenario (e.g. HPHT1, MPMT or LPLT), and the receiving antenna alignment methodology.

Observation 5: For fixed rooftop reception in SFN the achievable SINR of the CAS is dependent on the time model (50/50 or 50/1), the scenario (e.g. HPHT1, MPMT or LPLT), the receiving antenna alignment methodology, and the UE’s FFT window positioning strategy.

The observations above, combined with the wide range of results from the simulations lead to the following recommendations:

Recommendation 1: The UE’s FFT window positioning strategy should be unambiguous, and as optimal as possible (e.g. it should maximise the energy in the CP window, or better). 

Recommendation 2: A single time-model should be established for the assessment of the CAS.

Recommendation 3: A consensus should be reached around whether single cell or SFN CAS networks should be used.
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