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Introduction
In-band emissions modeling (IBEM) for D2D simulations were discussed over e-mail on RAN1 reflector [1]. While the number of options was narrowed down to two, there were number of outstanding issues including:

1. IBEM for multi-cluster (or non SC-FDM) transmissions

2. Modeling of finite dynamic range at receiver 

3. IBEM for simultaneous WAN and D2D transmissions with significant power differential 

In this contribution, we propose that:

1. A simplified IBEM be adopted (Option C’ from [1]) 
2. Finite dynamic range of a receiver should not be modeled as it is typically larger than IBEM noise floor 
3. Power difference between simultaneous WAN and D2D transmission be limited to the noise floor of the IBEM + 10 dB
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Proposed models
2.1 In-band emissions model
We propose Option C’ as discussed in [1].  

The proposed model is as follows: the in-band emissions on a non-allocated RB is given by PRB – 36 dB where PRB  is the transmitted power per 180 kHz in allocated RBs, measured in dBm, and the in-band emissions measurement bandwidth is 1 RB.
This model can be extended to a multi-cluster transmission (or even a non-RB based transmission) by assuming that the in-band emissions are distributed uniformly across all non-allocated sub-carriers, and PRB is interpreted as the average transmit power per 180 KHz. 
As noted in [1], this model is more relaxed than the RAN4 requirements captured in [2]. The main reason for this relaxation is that the emissions with LTE narrow band transmissions are not with flat spectrum but instead contain multiple spurs at discrete locations. The typical in-band-emissions spectrum contains spurs whose level can be close to the currently defined emission limit, but in most RBs, the emissions are actually below the limit (for narrow band transmissions). An illustration of this is shown in the picture below, assuming here 1RB transmission. 


It would be somewhat complicated to define RAN4 requirements that closely follow all the ups and downs of the emission picture, and it would be also difficult for it to be customized to different implementations. So the RAN4 requirements use a largely simplified model, which defines a floor that is above spur peaks, except at the IQ-imbalance peak. This in our view overestimates the average interference generated in practice.  
2.2 Finite dynamic range of the receiver 

As pointed out in [1], even though different signals from two UEs are on different RBs, if the received power of one signal is significantly larger than the other, then the receiver UE may not be able to decode the weaker signal. This de-sensing problem can impact the performance of the system and can potentially be modelled in the system simulations.

However, in our view, typically this problem is much less severe than the constraints imposed by IBEM which are already being modelled. For example, with a 10-bit ADC, the quantization noise is roughly 60 dB below the maximum range of the ADC. Since both options for IBEM have significantly higher noise floor than the 60 dB value, there is no need to model the receiver quantization noise. Note that even with AGC algorithm imperfection (i.e. the gain setting may not always be able to use the full range of the ADC), given the significant difference between IBEM noise floor and typical quantization noise floor, we feel there is no need to explicitly model receiver dynamic range in addition to IBEM. 
2.3 IBEM for simultaneous WAN and D2D transmissions
IBEM for WAN and D2D transmission was discussed in [1] and [3] with a concern being expressed that the in-band emissions from one signal will impact the EVM of another signal. With a target of reasonable EVM we propose to restrict the maximum power differential to 26 dB -- which is similar to the proposal in [3] with some changes based on the IBEM option C’. 
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Conclusion

In this contribution, we propose that:

1. A simplified IBEM be adopted (Option C’ from [1]) 

2. Finite dynamic range of a receiver should not be modeled as it is typically larger than IBEM noise floor 
3. Power difference between simultaneous WAN and D2D transmission be limited to 26 dB
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