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1.
Introduction

During the RAN WG1 96-bis meeting in April it was agreed in [1] that:

“For the evaluation of CAS, RAN1 adopts a methodology related to the pathloss model that considers the following: 

·  Cell reselection procedure (i.e., the UE may select the serving cell depending on the actual pathloss)
·  The pathloss may not be constant for a given location”
In pursuit of the above, [2] suggested that Monte Carlo simulations should be carried out in the time domain (as well as in the spatial domain), and set out a methodology for doing so based on a procedure set out in ITU document 6A/198-E [3] from working party 3K (submitted to RAN1 #96-Bis as R1-1905331 and discussed during the meeting). The General method in the ITU document outlines a process for modelling time varying field strengths from multiple transmitters for which the degree of correlation between signals, as they vary over time, may be defined. 

In order to further inform the performance requirements for the CAS, this document presents the results of network simulations incorporating time variation based on the General method for a number of different network configurations and receiving environments. 
2.
Background
2.1 ITU 3K General Method

Measurements of the signal levels from multiple transmitters received at a static location indicate that the received signal levels vary in time, and that the variations of one signal compared with another have a degree of correlation. The ITU 3K General method in [3] outlines a method for modelling time-variable signals from multiple transmitters in Monte Carlo simulations. The method allows the time variation correlation of one signal with another to be incorporated with the Clayton copula function.
Page 3 of [3] provides pseudo code for the General method which sets out how to generate vectors of correlated time varying signals. As the original context of the 3K work was to calculate the power sum of multiple signals, the pseudo code has been modified slightly for the purposes of this work in which we need to generate vectors of the instantaneous field strength levels for all the transmitters in the network so that the UE’s cell (re)selection procedure may be taken into account in the case of a single cell CAS configuration, and to more accurately model MBSFN. The modified pseudo code is shown below. It is incorporated into the wider Monte Carlo time variation algorithm set out further below.
In all cases the value of α (the factor setting the correlation between signal levels over time) has been set to 1, as suggested in [3]. 
Pseudo Code for Time-Correlated Signal Generation
1  
FOR time_trial_index = 0…M
2  
{

3

get initial RV, µ1, from uniform distribution in range [0, 1]

4

FOR n = 1…N
5

{

6


get RV, ν, from uniform distribution in range [0, 1]

7


derive new RV,  
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store µ2 in vector at µ2(n,time_trial_index)
10

}

14   }

Pseudo Code for Align Receiving Antenna to the Strongest Signal After Shadow Fading

1
Generate µ2(N,M) for N transmitters and M = 10,000+ time instances

2
For location from 1 to 10,000+ 

3
Compute Field Strengths, FS, for N by M matrix based on location and µ2 using P1546 with probability = µ2*100

4

Compute 50% time Field Strength,FS50, for N transmitters using P1546 with probability = 50 

5

Generate N shadowing gains and add to N by M FS matrix

6

Align Rx antenna to max(FS50) and adjust FS matrix 

7

For each time instance

8



Get N element vector of field strengths from FS for this time instance, FSthistimeinstance
9



Position FFT window on FSthistimeinstance and adjust values according to weighting function

10



Compute SINR of FSthistimeinstance and store in vector of SINRtime
11

Next time

12

Retain 99th percentile of SNRtime in vector SNRtime_location
13
Next location

14
Output the 99th percentile of SNRtime_location
It is assumed in line 1 of the second block of pseudo code that the time fading statistics are constant across the entire coverage area i.e. they are 100% correlated in space for a given instance in time. 
Lines 5 and 6 are interchanged in order to effect the Align Receiving Antenna to the Strongest Before Shadowing Algorithm.
In the case of single cell operation, either full single cell, or a mixture of single cell and SFN, a different method is applied at line 9. The wanted signal is defined as Max(FSthistimeinstance). The FFT window is then positioned according to the chosen strategy based on the signals that are in the same MBSFN as the wanted transmitter. All other signals become interferers and the SINR is computed. Note that this procedure could be sub-optimal in some instances where the strongest signal is not in the same MBSFN area as that which would provide maximum energy in the CP and EI.
The cell re/selection procedure is effectively carried out in line 9 of the second block of pseudo code, and only applies to networks comprising some element of single cell. For MBSFN cell reselection is replaced by the FFT window positioning strategy. 

2.2 Simulation Parameters

Simulations for car mounted and fixed rooftop reception have been carried out according to the framework set out in [4] and the additional parameters below.
	Parameter
	Value
	Comment

	Receiver synchronisation
	Strongest signal in time and location
	Reflects cell reselection

	Time variation
	General method
	Based on [3], modified according to S2.1 above

	FFT Window Positioning Strategy
	First signal above threshold

Strongest signal

Maximum energy window
	Described in [5]

	Cyclic Prefix
	16.7 µs
	

	Equalisation Interval
	22 µs
	RS separation of 3 in the frequency domain

	Coverage Target
	99th percentile random dropping throughout  entire network coverage area
	Motivated in [6]

	CAS Network Configuration
	Single Cell - Three independent sectors per site
Single Cell – All three sectors in SFN at each Site
SFN – All sectors and all sites in SFN
	Described in [5]

	Receiving Antenna Alignment
	a) Strongest transmitter before location variation

b) Strongest transmitter after location variation
	a) To accommodate legacy deployments
b) to accommodate new deployments (greenfield)


Table 1: Additional Simulation Parameters for Clarification.
2.3 Performance Requirements for the CAS Constituent Channels

The RAN4 performance requirements identified in [4] for the constituent channels of the CAS are shown in table 2. They have been used to assess whether the CAS would meet the achievable SINR from the network simulations.

	Reception Environment
	
	PDCCH
	PBCH
	PDSCH
	PSS/SSS

	Car Mounted
	1T2R
	-1.7
	-6.1
	-5.4
	?

	Fixed Rooftop
	1T1R*
	1.3
	-3.1
	-2.4
	?


Table 2: RAN4 Performance Requirements for Constituent CAS Channels (dB)
The RAN4 performance requirements in TR 36.101 are for at least 2 Rx antennas (2R) and, in some cases, with 2 Tx antennas (2T), hence performance for the relevant fixed rooftop channel with 1 Tx and 1 Rx antenna can only be implied – they have been set to be 3dB higher than those for 1T2R.
3.
CAS Car Mounted 
In this section the CAS is investigated for the car mounted scenario. Throughout this section, as the receiving antenna is omni-directional, the wanted signal has been defined as the strongest signal after location variation.
3.1 Single Cell
Table 3 shows the SINR achievable for the 99th percentile for single cell scenarios aimed at car mounted reception. The table also shows the difference between the appropriate SINR performance requirement from section 2.3 and the achievable SINR in the network. The difference has been called the margin and is positive when the performance requirement exceeds the achievable SINR in the network. In order to quickly summarise the results a RAG analysis has been carried out where negative margins are highlighted red and margins < 1dB are amber. The red and amber highlighted cells indicate which sub-channels of the CAS may need to be made more robust.
	Network Topology
	Tx Antenna
	FFT Synchronisation Strategy
	99th percentile Random Dropping
	CAS Component Channel Margin 
vs General Method Results

	
	
	
	
	PDCCH
	PBCH
	PDSCH
	P/SSS

	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	-5.1
	-3.4
	1
	0.3
	

	LPLT 3 Sector SFN
	Sectorised
	Strongest
	-5.1
	-3.4
	1
	0.3
	

	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	-5.1
	-3.4
	1
	0.3
	

	LPLT 3 Independent Sectors
	Sectorised
	N/A
	-5.6
	-3.9
	0.5
	-0.2
	

	MPMT
	Omni
	N/A
	-4.1
	-2.4
	2
	1.3
	

	HPHT1
	Omni
	N/A
	-3.9
	-2.2
	2.2
	1.5
	


Table 3: Achievable SINR (dB) for car mounted single cell.
Observation 1: The current performance requirements for the PDCCH and PDSCH would not be sufficient to fulfil the Single Cell Car Mounted use case. In order to fulfil this use case the PDCCH and PDSCH would have to be made at least 3.9dB and 0.2dB more robust, respectively.
3.2 SFN

Table 4 shows the results for the CAS where all transmitters in the network operate in an SFN (16µs CP, 22µs EI). Three different FFT window positioning strategies have been investigated. A RAG analysis has again been carried out.
	FFT Window Positioning Strategy
	Network Topology
	Tx Antenna
	99th percentile Random Drops
	CAS Component Channel Margin 
vs General Method Results

	
	
	
	
	PDCCH
	PBCH
	PDSCH
	P/SSS

	1st above a threshold
	LPLT
	Sectorised
	-1.7
	0
	4.4
	3.7
	

	
	MPMT
	Omni
	-10.4
	-8.7
	-4.3
	-5
	

	
	HPHT1
	Omni
	-15.8
	-14.1
	-9.7
	-10.4
	

	Strongest signal
	LPLT
	Sectorised
	-4.0
	-2.3
	2.1
	1.4
	

	
	MPMT
	Omni
	-3.7
	-2
	2.4
	1.7
	

	
	HPHT1
	Omni
	-3.6
	-1.9
	2.5
	1.8
	

	Maximum energy
	LPLT
	Sectorised
	-1.9
	-0.2
	4.2
	3.5
	

	
	MPMT
	Omni
	-3.1
	-1.4
	3
	2.3
	

	
	HPHT1
	Omni
	-3.3
	-1.6
	2.8
	2.1
	


Table 4: Achievable SINR (dB) for car mounted reception in SFN 
The following observations have been made based on the results in table 4.
Observation 2: The maximum energy FFT window positioning strategy is the most efficient for car mounted SFN. It should be ensured that all UE’s operate with this algorithm or better. 

Observation 3: The current performance requirements for the PDCCH would not be sufficient to fulfil the MPMT SFN Car Mounted use case. In order to fulfil this use case the PDCCH would have to be made at least 1.4dB more robust, to give an absolute performance of -3.1dB or better.

4. Fixed Rooftop
[7] 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 is therefore best suited for modelling these situations. When there is no installed base of receiving antennas (greenfield) the strongest transmitter after location variation methodology may be more suitable. Results for both methodologies have therefore been presented below.
4.1 Single Cell
Table 5 shows the achievable SINR for the 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 receiving antenna alignment algorithm. 

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 the LPLT three independent sectors case in which receiving antennas are aligned to the strongest signal after location variation. In order to support this use case the PDCCH should be made at least 1.7 dB more robust.
	Rx Antenna Alignment
	Network Topology
	Tx Antenna
	FFT Synchronisation Strategy
	99th Percentile Random Drops
	CAS Component Channel Margin 
vs General Method Results

	
	
	
	
	
	PDCCH
	PBCH
	PDSCH
	P/SSS

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	-0.5
	-1.8
	2.6
	1.9
	

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	Strongest
	-0.6
	-1.9
	2.5
	1.8
	

	Strongest b. LV
	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	-0.4
	-1.7
	2.7
	2.0
	

	Strongest b. LV
	LPLT 3 Ind Sectors
	Sectorised
	N/A
	-2.1
	-3.4
	1
	0.3
	

	Strongest b. LV
	MPMT
	Omni
	N/A
	-0.2
	-1.5
	2.9
	2.2
	

	Strongest b. LV
	HPHT1
	Omni
	N/A
	0.1
	-1.2
	3.2
	2.5
	

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	1st above a threshold
	5.7
	4.4
	8.8
	8.1
	

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	Strongest
	5.2
	3.9
	8.3
	7.6
	

	Strongest a. LV
	LPLT 3 Sector SFN
	Sectorised
	Max energy window
	5.4
	3.7
	8.5
	7.7
	

	Strongest a. LV
	LPLT 3 Ind. Sectors
	Sectorised
	N/A
	-0.4
	-1.7
	2.7
	2
	

	Strongest a. LV
	MPMT
	Omni
	N/A
	6.3
	5
	9.4
	8.7
	

	Strongest a. LV
	HPHT1
	Omni
	N/A
	6.8
	5.5
	9.9
	9.2
	


Table 5: Achievable SINR (dB) for single cell, fixed rooftop reception
Observation 4: The current performance requirements for the PDCCH would not be sufficient to fulfil the LPLT three independent sectors for fixed rooftop reception use case. In order to fulfil this use case the PDCCH would have to be made at least 1.7dB more robust, to give an absolute performance of -0.4dB or better.

4.3 SFN
Table 6 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, 22µs EI). 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. 
Table 6 shows that the maximum energy FFT window positioning strategy provides the best results. It is therefore recommended that UEs operate with this strategy or better. 

Under the assumption that the maximum energy window strategy is used, the final six rows of table 6 are of interest. They show that in order to support fixed rooftop reception in legacy HPHT1 networks the CAS would have to be made at least 0.5 dB more robust.
	Rx Antenna Alignment
	FFT Synchronisation Strategy
	Network Topology
	Tx Antenna
	99th percentile Random Drops
	CAS Component Channel Margin 
vs General Method Results

	
	
	
	
	
	PDCCH
	PBCH
	PDSCH
	P/SSS

	Strongest b. LV
	1st above a threshold
	LPLT
	Sectorised
	2.7
	1.4
	5.8
	5.1
	

	Strongest b. LV
	1st above a threshold
	MPMT
	Omni
	2.3
	1
	5.4
	4.7
	

	Strongest b. LV
	1st above a threshold
	HPHT1
	Omni
	1.0
	-0.3
	4.1
	3.4
	

	Strongest a. LV
	1st above a threshold
	LPLT
	Sectorised
	3.8
	2.5
	6.9
	6.2
	

	Strongest a. LV
	1st above a threshold
	MPMT
	Omni
	-25.4
	-26.7
	-22.3
	-23
	

	Strongest a. LV
	1st above a threshold
	HPHT1
	Omni
	-30.7
	-32
	-27.6
	-28.3
	

	Strongest b. LV
	Strongest
	LPLT
	Sectorised
	0.3
	-1
	3.4
	2.7
	

	Strongest b. LV
	Strongest
	MPMT
	Omni
	0.9
	-0.4
	4
	3.3
	

	Strongest b. LV
	Strongest
	HPHT1
	Omni
	0.4
	-0.9
	3.5
	2.8
	

	Strongest a. LV
	Strongest
	LPLT
	Sectorised
	5.5
	4.2
	8.6
	7.9
	

	Strongest a. LV
	Strongest
	MPMT
	Omni
	6.6
	5.3
	9.7
	9
	

	Strongest a. LV
	Strongest
	HPHT1
	Omni
	7.3
	6
	10.4
	9.7
	

	Strongest b. LV
	Max energy window
	LPLT
	Sectorised
	2.8
	1.5
	5.9
	5.2
	

	Strongest b. LV
	Max energy window
	MPMT
	Omni
	2.2
	0.9
	5.3
	4.6
	

	Strongest b. LV
	Max energy window
	HPHT1
	Omni
	0.8
	-0.5
	3.9
	3.2
	

	Strongest a. LV
	Max energy window
	LPLT
	Sectorised
	5.6
	4.3
	8.7
	8.0
	

	Strongest a. LV
	Max energy window
	MPMT
	Omni
	6.7
	5.4
	9.8
	9.1
	

	Strongest a. LV
	Max energy window
	HPHT1
	Omni
	7.3
	6
	10.4
	9.7
	


Table 6:  Achievable SINR (dB) for CAS SFN, fixed rooftop reception 
Observation 5: The maximum energy FFT window positioning strategy is the most efficient for fixed rooftop SFN. It should be ensured that all UE’s operate with this algorithm or better. 

Observation 6: The current performance requirements for the PDCCH would not be sufficient for SFN fixed rooftop HPHT1 existing network scenarios. In order to fulfil this use case the PDCCH would have to be made at least 0.5dB more robust to provide an absolute performance requirement of 0.8dB.

6. Summary

Observations 2 and 5 are as follows:

Observation 2: The maximum energy FFT window positioning strategy is the most efficient for car mounted SFN. It should be ensured that all UE’s operate with this algorithm or better.

Observation 5: The maximum energy FFT window positioning strategy is the most efficient for fixed rooftop SFN. It should be ensured that all UE’s operate with this algorithm or better. 

Based on these two observations the recommendation 1 is made.

Recommendation 1: The UE FFT positioning strategy should be standardised to ensure that the maximum energy falls within the CP (or better, if another algorithm is found to be practical and superior).

Based on recommendation 1, hexagonal grid simulations, the framework set out by 3GPP, and a performance criterion of the 99th percentile ‘random drops’ throughout the entire coverage area, observations 1, 3, 4 and 6 have been summarised in the table below which sets out the improvement that would need to be made to the PDCCH and PDSCH (the other channels appear adequately robust).
	Reception Mode
	Network
	PDCCH
	PDSCH

	
	
	Relative Improvement
	Absolute Performance
	Relative Improvement
	Absolute Performance

	Car Mounted
	LPLT – Single Cell (3 Independent Sectors)
	3.9
	-5.6
	0.2
	-5.6

	Car Mounted
	MPMT Full SFN
	1.4
	-3.1
	-
	-

	Fixed
	MPMT Single Cell Legacy Network
	1.5
	-0.2
	-
	-

	Fixed
	LPLT Single Cell 3 independent sectors Greenfield
	1.7
	-0.4
	-
	-

	Fixed
	HPHT SFN Legacy Network
	0.5
	0.8
	-
	-


Table 7: Summary of the performance requirements and improvements needed for the CAS (dB)
The most onerous case for 1T2R in table 7 is car mounted in a single cell LPLT network with three independent sectors. The constituent channels of the CAS should be made robust enough to support this use case. 

Recommendation 2: All the channels in the CAS, particularly the PDCCH and PDSCH, should operate down to at least -5.6dB SINR with 1T2R in the appropriate channel for car mounted reception in single cell LPLT networks with three independent sectors.
The most onerous case for 1T1R in table 7 is fixed rooftop reception in LPLT single cell greenfield network. The constituent channels of the CAS should be made robust enough to support this use case. 

Recommendation 3: All the channels in the CAS, particularly the PDCCH, should operate down to at least           -0.4dB SINR with 1T1R in the appropriate channel for fixed rooftop reception in greenfield LPLT single cell networks with three independent sectors.
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