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1
Introduction

The approved New WID on LTE-based 5G terrestrial broadcast [1] contains the following objective:

· Specify, if found necessary, enhancements to the physical channels and signals in the CAS [RAN1, RAN4]

· This objective includes determining a realistic modelling for the time variation of the desired and interfering signals (e.g. a model between the 50%/50% and 50%/1%), and identifying based on the modelling what channels and signals (if any) need to be enhanced.

In this contribution, we first argue, in Section 2, that a new approach for pathloss modelling for CAS is indeed necessary because the P1546 50%/1% model is not an appropriate pathloss model for CAS. In Section 3, we outline several options to pursue in search of an appropriate pathloss model for CAS. In Section 4, we summarize our observations and make concrete proposals for the way forward. 
2
Shortcomings of the P1546 50/1 model for CAS
When the P1546 50/1 pathloss model is applied to LTE-based broadcast, the pathlosses are computed according to the following procedure:

-
Compute pathlosses for all transmitters using the P1546 model with 50% probability;
-
Determine the serving transmitter;
-
Re-compute the pathlosses for the interfering (i.e. non-serving) transmitters using the P1546 model with 1% probability.
This procedure has the following shortcomings:

1.
The cell (re)selection procedure in the cellular networks is disregarded; due to different time probabilities, the signal strength from serving transmitter may be below the signal strength from an interfering transmitter. Note that the time probabilities describe slow changes in the propagation conditions (in the order of hours).
2.
The channel is modeled after the fact, i.e. after determining serving/interfering transmitters using a different model;
3.
In consequence of 1 and 2, the resulting SNR levels are pessimistic.
Figure 1 illustrates the above points:

-
with the P1546 50/1 model, the serving tx 23 is 3dB and 4dB below the interfering tx 31 and 32, respectively. The resulting SNR is low. The receiver would never camp in tx 23; it would reselect to tx 32. SNR would improve;

-
with the P1546 50/50 model: tx 23 would remain serving, but the interfering tx 31 and tx 32 would drop to ~2dB below the serving cell. All other interfering tx pwr would drop too. SNR would improve.
-
with the 1/1 model: the receiver would reselect to tx 32, which would be above 23 and 31. SNR would improve.
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Figure 1 – Scenario of a low SNR caused by the P1546 50/1 model

Observation 1: P1546 50/1 model is not appropriate for modelling pathloss for CAS scenarios.

Proposal 1: RAN1 shall study alternative models to 50/1 for CAS that correctly model the cell reselection procedure.
3
Alternatives to the P1546 50/1 pathloss model

P1546 50/1.75 model

In [2], an alternative to the P1546 50/1 model was considered by replacing the 1% time probability for the interfering transmitters with a ‘corrected time’ of 1.75%. This is referred to as the “Simple Method” to account for the correlation between the signals of the interfering transmitters. Although this approach has the advantage of being simple, the same document recognizes that it may not bring any measurable improvement. In our evaluations, the SNR improvement with the P1546 50/1.75 model over the P1546 50/1 model is observed to be less than 1dB in most scenarios. Moreover, the shortcoming 1 and 2 in Section 2 still apply.
Observation 2: The P1546 50/1.75 model does not bring substantial improvement over the P1546 50/1 model.
Monte Carlo based pathloss models
In order to directly address shortcomings 1 and 2 (and indirectly 3) in Section 2, we need a pathloss model that will provide a pathloss values regardless of whether the transmitter is a serving or an interfering one. In [2], 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:

-
For a receiver at a random location

--
For each iteration (e.g. 1000 iterations)
---
Generate uniformly distributed random variable µ1 ϵ [0,1]
---
For each transmitter

----
Generate uniformly distributed r.v. ν ϵ [0,1]

----
Derive [image: image2.wmf](

)

a

a

a

a

m

m

m

/

1

1

)

1

/(

1

2

1

-

+

-

+

-

=

v

, where α is a constant reflecting the correlation.
----
Compute pathloss to the receiver using P1546 model with µ2*100 probability.
---
Compute and store the SNR(iteration) at the receiver.
--
Retain the 99th percentile SNR(iteration) across all iterations as the SNR for the receiver at the location
This approach resolves the shortcomings 1 and 2 in Section 2. The potential disadvantages, which require further evaluation, include:
-
Extensive simulation time 

-
It is not clear if/how it is possible to control the amount of correlation, i.e. to link the model to the real world.
Observation 3: The proposed Monte Carlo approach resolves the shortcomings of the P1546 50/1 model.

Observation 4: There need to be further evaluations on the proposed Monte Carlo approach in view of its accuracy and the meaning of the parameter α.

In addition to the above approach, other Monte Carlo based methods for generating correlated pathlosses using based on the P1546 model are possible, for example the method described in [3].

Proposal 2: RAN1 to adopt a Monte Carlo-based pathloss models for CAS evaluation 

- Details FFS until the next meeting

4
Conclusion

Summary of observations:
Observation 1: P1546 50/1 model is not appropriate for modelling pathloss for CAS scenarios.

Observation 2: The P1546 50/1.75 model does not bring substantial improvement over the P1546 50/1 model.
Observation 3: The proposed Monte Carlo approach resolves the shortcomings of the P1546 50/1 model.

Observation 4: There need to be further evaluations on the proposed Monte Carlo approach in view of its accuracy and the meaning of the parameter α.

Summary of proposals:

Proposal 1: RAN1 shall study alternative models to 50/1 that correctly model the cell reselection procedure.
Proposal 2: RAN1 to adopt a Monte Carlo-based pathloss models for CAS evaluation 


- Details FFS until the next meeting 
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