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1
Introduction

In RAN1#96bis, it was agreed to continue evaluation of the CAS reception with some additional considerations [1], which include cell reselection, and a pathloss that may be computed in a way to reflect correlation between pathlosses to different transmitters. In this contribution, we analyse each of the mentioned considerations. In Section 2, we describe the procedure to compute correlated pathlosses from a receiver to a set of transmitters, and to compute the corresponding SNR. We also introduce the handover margin to account for delays in cell reselection.  In section 3, we present the system level simulation results for the scenarios described in Section 2. 
In [2], RAN1 agreed to study enhancements to the physical channels needed to improve the CAS reception. In Section 4, we present the analysis of the link level performance of the PDCCH and discuss the ways to improve it. In section 5, we present the analysis of the link level performance of the PBCH and discuss the ways to improve it. In section 6, we summarize our observations and provide proposals for the way forward. 
2
Monte Carlo simulations with correlated pathlosses
2.1
SNR calculation with Monte Carlo based pathloss model

In [3], a Monte Carlo-based “General Method” is proposed to generate correlated pathlosses for several transmitters based on the P1546 pathloss model. A slightly modified version of this method for computing the SNR at one receiver and one location would be as follows:
For a receiver Rx at a random location (out of M locations)

1. Calculate shadowing loss Sn to all transmitters txn (n = 1..N, N = 61)
2. For each of N iterations (N = 1000 iterations)

3. Generate uniformly distributed random variable µ1 ϵ [0,1]

4. For each transmitter txn
5. Generate uniformly distributed r.v. ν ϵ [0,1]

6. Derive µ2 = f(µ1, ν, α), where α = 1 is a constant reflecting the correlation.

7. Compute pathlosses PLn using P1546 model with µ2*100 probability.
8. End the loop started in step 4
9. Determine the serving tx = arg min (PLn + Sn). 
10. Compute and store the SNR(iteration) at the receiver.
11. End the lop started in step 2
12. Retain the 99th percentile SNR in SNR(iteration) as the SNR for the receiver Rx

Retain the 95th/99th percentile of SNR across all M locations.
We used this procedure in our system level simulation, with additional considerations described in sections 2.2 and 2.3.

2.2
Channel delay profile

In order to include the effect of multipath fading, a channel delay profile with fading coefficients is applied. We considered the following profiles:

-
AWGN: single tap, unit amplitude. This is used as a performance benchmark.
-
Rayleigh fading with RMA delay profile (multipath fading channel)

In case of the fading channel, we applied the channel delay profile in several alternative ways:

1. After step 7, i.e. each pathloss instance is associated with a new instance of the multipath fading channel. We call this “fading inside MC loop” 

2. After step 1, i.e. the multipath fading channel profile is constant at a location across all Monte Carlo iterations. We call this “fading outside MC loop”
3. Same as 2, but with a single MC iteration per location, i.e. N = 1. The drop in the total of number of iterations is compensated for by increasing the number locations M. We call this “MC single loop”
The rationale behind options 2 and 3 is that the 99th percentile of SNR computed in step 12 for each location would be very low if Rayleigh fading is included according to option 1, because of the possibility of simultaneous deep fades in the serving signal and a high level of the interfering signals. 
2.3 Handover margin 

To address the delay in cell reselection, we modified the determination of the serving transmitter in step 9. Instead of selecting the transmitter with the smallest pathloss + shadowing loss, we do the following:

· select the transmitter Ti with the smallest pathloss + shadowing loss, as in step 9;
· determine the set Stx of transmitters whose pathloss + shadowing loss is within the HO_margin dB (HO_margin = 2) of the Ti;
· select a random transmitter from Stx as the serving transmitter
3
System level evaluation of CAS reception
In this section, we present the system level evaluation of the CAS reception according to the procedures described in Section 2. Section 4 presents the minimum SNR levels for the PDCCH reception based on the LLS. Therefore, the observations related to the feasibility of the CAS reception in view of the system level results are presented in Section 4. 
3.1
AWGN channel
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Figure 1 – CAS SNR in AWGN channel

Figure shows the system level performance of CAS in AWGN channel. This is the best-case scenario and is used as a performance benchmark for fading channels. 
3.2
Rayleigh fading channel
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Figure 2 - CAS SNR in Rayleigh fading channel

Figure 2 shows the system level performance of CAS in a multipath Rayleigh fading channel. We observe that the “MC fading inside MC loop” is more pessimistic than the 50/1 fading scenario. It would be therefore reasonable to not consider this option any further. 

Furthermore, we observe that “MC fading outside MC loop” falls in between the 50/1 and the 50/50 models. For LPLT, it provides similar performance as the 50/1.75 model, evaluated in [5], also known as the Simple Method in [3]. 

Finally, the “MC single loop method” is very similar to the 50/50 model in terms of the SNR.  The drawback of this method is that it equates the scenarios of 100% of locations available 95% of the time give and 95% of locations available 100% of the time, although these are two very different scenarios from deployment perspective. 
Observation 1: “Fading inside the MC loop” method is too conservative, because it effectively considers the 99.99th percentile of the fading.
Observation 2: “Single MC loop” method does not fully meet the requirements for the service availability.
Observation 3: “Fading outside the MC loop” method seems the most realistic.
Proposal 1: For the Monte Carlo simulations of correlated pathlosses with fading, the “Fading outside the MC loop” method shall be used.
[image: image5.png]car RMA LPLT Fading with HO margin

0
E]
2
g 5
< -4
a2
K
6
7 95% SNR 99% SNR
u50/1 4 66
 MC fading outside MC loop 36 66
 MCsingle loop Bl -39

" 50/50 -1 -3.8




[image: image6.png]car RMA MPMT Fading with HO

SNR[dB]
I

95% SNR
m50/1 42
5 MC fading outside MC loop 14
= MC single loop 0
50/50 0

margin

99% SNR
-7.2
-3.3
-3.2
-2.9




Figure 3 - CAS SNR in Rayleigh fading channel with HO margin

4
Analysis of PDDCH reception

In this section, we evaluate the minimum requirements for PDCCH reception based on the link level simulations. The objective is to set the SNR targets for system level evaluation of the CAS reception.
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Figure 4 – Link level evaluation of PDCCH reception for CAS in LPLT network with car mounted rx
Figure 4 shows the link level evaluation of the PDCCH for LPLT network with car mounted receiver. The left side shows the maximum aggregation level of 8, and the right side shows the maximum AL of 16.

Observation 4: The SNR required for PDCCH reception with 1% BLER with maximum CCE aggregation level of 8 is between -3.6 dB and -4dB, depending on the Doppler shift. 

We observe that increasing the maximum AL to 16 lowers the SNR requirement to between -6dB and -7dB.
Observation 5: Increasing the maximum PDCCH CCE aggregation level from 8 to 16 would reduce the SNR requirements by 2.5dB – 3dB. 
Considering these link level results, we can evaluate the feasibility of providing adequate SNR levels for CAS reception, w.r.t. the system level results in Section 3. We make the following observations, assuming the “fading outside the MC loop”:
Observation 6: With the maximum PDCCH CCE aggregation level of 8, CAS service in LPLT networks with car-mounted receivers could potentially be feasible with 1% BLER across 95% of the area, with a very small margin. 

Observation 7: With the maximum PDCCH CCE aggregation level extended to 16, CAS service in LPLT networks could potentially be feasible across 99% of the area, except for the 250 kmph mobility, which would have smaller coverage than 99%.
Proposal 2: Extending maximum CCE aggregation level shall be evaluated as a PDCCH enhancement aiming at enabling adequate CAS reception. 
5
Analysis of PBCH reception  
In this section, we evaluate the minimum requirements for PDCCH reception based on the link level simulations. The objective is to set the SNR targets for system level evaluation of the CAS reception.

Figure 5 shows the link level evaluation of PBCH. Two options are shown: no combining of the received PBCH transport blocks and combining of up to four received PBCH transport blocks. With combining, the first time successful decode completes the decode process. The SNR shown in the figure for the combining option is the average of the PBCH symbol SNRs up to the success point.
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Figure 5 - Link level evaluation of PBCH reception for CAS in LPLT network with car mounted rx

We observe that, for Fd = 2Hz, the combining gain is ~6 dB, while for higher dopplers, the gain is higher, up to ~7dB. This is explained by the inherent time-diversity in the high Doppler channels, which mitigates the limited frequency diversity that exists for the PBCH.

Observation 8: The SNR required for PBCH reception with 1% BLER without TTI combining is ~ 2.5 dB.
Observation 9: PBCH detection with combining of up to 4 consecutive TTIs reduces the SNR required for PBCH reception by ~6-7dB, depending on the mobility. 

To further improve the PBCH decode performance and reduce the PBCH decoding latency, PBCH repetition within CAS (like a feature in eMTC) should be considered.
Proposal 3: PBCH enhancements, including PBCH repetition within CAS, shall be evaluated. 

6
Conclusion
Below is the summary of the observations and proposals:
Observation 1: “Fading inside the MC loop” method is too conservative, because it effectively considers the 99.99th percentile of the fading.
Observation 2: “Single MC loop” method does not fully meet the requirements for the service availability.
Observation 3: “Fading outside the MC loop” method seems the most realistic.
Observation 4: The SNR required for PDCCH reception with 1% BLER with maximum CCE aggregation level of 8 is between -3.6 dB and -4dB, depending on the Doppler shift. 

Observation 5: Increasing the maximum PDCCH CCE aggregation level from 8 to 16 would reduce the SNR requirements by 2.5dB – 3dB. 
Observation 6: With the maximum PDCCH CCE aggregation level of 8, CAS service in LPLT networks with car-mounted receivers could potentially be feasible with 1% BLER across 95% of the area, with a very small margin. 

Observation 7: With the maximum PDCCH CCE aggregation level extended to 16, CAS service in LPLT networks could potentially be feasible across 99% of the area, except for the 250 kmph mobility, which would have smaller coverage than 99%.
Proposal 1: For the Monte Carlo simulations of correlated pathlosses with fading, the “Fading outside the MC loop” method shall be used.
Proposal 2: Extending maximum CCE aggregation level shall be evaluated as a PDCCH enhancement aiming at enabling adequate CAS reception. 

Proposal 3: PBCH enhancements, including PBCH repetition within CAS, shall be evaluated. 
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