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1
Introduction
At RAN1#73 and the following email discussion [1], non-ideality modelling including specifically UE TX in-band emission modelling had been discussed. For RAN1#74 two working assumptions have been taken – namely Option B & C’

· Option B: Full in-band emission modelling according to Table 6.5.2.3.1-1of TS 36.101 [2]
· Option C’: -36dBc on all non-allocated subcarriers with respect to the power on the allocated subcarriers
In this contribution we continue the discussion on in-band emission modelling and other non-idealities identified during the email discussion [1] in order to agree on realistic non-ideality modelling for D2D system level simulations.

2
Status after the email discussions [1]
In the discussion on UE TX in-band emission modelling several pros- and cons have been identified for the two alternatives (Option B & C’) currently being working assumption. 
Most companies participating in the discussions were in favour of Option B due to the rather comprehensive and realistic modelling of all kinds of in-band emission factors included there. Potential issues were identified in terms of designing D2D for the minimum in-band emission requirements instead of typical in-band emissions of LTE products as well as the handling of multi-cluster transmission (no RAN4 tests available) and the issue of operation with less than PRB granularity (in-band emission definition on a subcarrier versus PRB level).
The arguments in favour of Option C’ were exactly the potential issues of Option B, namely PRB level operation, how to handle multi-cluster transmission as well as the too conservative assumptions in terms in-band emissions of real products. The arguments against Option C’ can be summarized as being too idealistic and totally neglecting certain in-band emission effects as e.g. TX EVM, LO leakage and IQ-images.

So far, the discussion on non-ideality modelling for D2D system level investigations had been mainly limited to modelling aspects of UE TX non-idealities, i.e. in-band emission modelling. But further the aspect of desensing has been raised during the email discussions [1] that might need attention and modelling on system level in order to prevent miss-leading/wrong design decisions in RAN1.
Moreover, Qualcomm kindly provided a comparison between the minimum in-band emission requirements of TS 36.101 and a measurement of a state-of-the-art LTE product during the email discussion, which is shown in Figure 1. 


Figure 1: Comparison of TS 36.101 in-band emission modelling 
and a measurement of a state-of-the-art LTE product [source: Qualcomm].
3
On the identified issues 

In this section we discuss some of the issues that had been still open as described in the previous section.
3.1 Accurate modelling through Option B vs. Option C’ 

As we can see from the measurements of a real product in Figure [1], the modelling in TS 36.101 (Option B) nicely covers the different effects of a high-performance, state-of-the art product  – although the performance is a few dBs better than the minimum requirements. 

Also the measurements indicate that effects as (1) IQ-image, (2) LO-leakage and the (3) EVM-contribution/shoulder around the allocated PRBs are also all present in measurements of a real product and therefore should be included also in our D2D related modelling. 

These three effects are fully missing from the modelling in Option C’, where only a constant noise floor is to be modelled independently of location & number of allocated PRBs. 

Observation 1: The same effects modelled in Option B as IQ-image, LO-leakage and effect of EVM on neighboring PRBs are also present in measurements of existing products. Option C’ misses these transmitter effects totally. 

Observation 2: The in-band emission performance of existing products might be a few dBs better than the minimum requirements. 

We think that it will be essential to not neglect these effects and therefore apply an in-band emission modelling at least in the spirit of Option B / TS 36.101.

Proposal 1: Use in-band emission modelling in the spirit of TS 36.101 / Option B taking into account products with performance better than the minimum requirements. 

3.2 PRB vs. Subcarrier level operation
As discussed in the previous section and also confirmed by the measurements of Fig. 1, the effect on EVM is most noticeable on subcarriers/PRB pairs close to the allocated PRB/subcarriers. The less consecutive subcarriers allocated – the bigger the effect of the EVM as such. Therefore, the EVM modelling would be especially important in case of subcarrier-level distributed D2D operation – which is not at all in spirit of the LTE physical layer design of Rel. 8-11 operating on PRB level. Note, that Option C’ does not include the effect of TX EVM in its modelling at all. So from this point of view, extensions to Option C’ considering subcarrier level multiplexing would be needed to cover the TX EVM effect properly. 

Moreover, Rel. 8 studies on single-user subcarrier-level operation did not show a real motivation to go for some fully distributed design – and there the issue of EVM had not been even taken into account in the evaluations. 

Observation 3: TX EVM modelling is of special importance for subcarrier level D2D multiplexing. 

Observation 4: Rel. 8 studies did not show a real motivation to go for subcarrier-level operation.

Therefore, we think that investigations with a PRB level granularity in the spirit of LTE Rel. 8-11 could be a good way forward. 
Proposal 2: Restrict the D2D investigations to PRB level operation in the spirit of LTE Rel. 8 - 11.

3.3 Multi-cluster transmission extension for Option B
Option B, i.e. the minimum in-band emission UE TX requirements from TS 36.101, had been developed in Rel. 8 where multi-cluster transmission introduced in Rel. 10 was not available for LTE UEs yet. Further tests of in-band emission had not been introduced which means that there are currently no UE TX requirements on in-band emission for multi-cluster transmission available in the RAN4 specifications. 
During the email discussions [1] it was not clarified how Option B could be adopted/applied to also cover multi-cluster transmissions as such. Looking at the in-band emission modelling, only 2 of the 5 ingredients to the in-band emission modelling are actually depending on the number of continuously allocated PRBS – namely the IQ-image and EVM modelling seem to be affected by potential multi-cluster transmission. 

A potential solution is to model the effect of EVM on each of the clusters specifically and use the largest contribution of the clusters for each non-allocated PRB, i.e. 
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where the PRB distance and the number of allocated PRBs in each cluster are used instead of the total allocated number of PRBs as in case of Rel. 8 single cluster transmission. Similarly, the IQ-image of each cluster can be considered independently in the emission modelling, with the IQ-image of each cluster following the model in Table 6.5.2.3.1-1of TS 36.101 [2]. In this way, Option B could be simply extended to cover also multi-cluster transmission. 

Proposal 3: Extend Option B to cover multi-cluster transmission by adding the IQ-image of each cluster independently to the model, and using for the EVM part
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3.4 Desensing Issues

As pointed out in the email discussions [1], if the received power of two D2D transmitters would be rather large, the effect of desensing can be experienced in a way that a low received signal might not be seen by the UE at all, as the ADC quantisation noise of the strong signals would be larger the intended weak signal already. The rather large dynamic range will be the result of a combination of different, limited D2D TX power control (if applicable) as well as the rather large difference in path-loss between different D2D transmitters with respect to a single D2D receiver. 

In case of perfect automatic gain control (AGC) with respect to the strongest signal received within the carrier bandwidth in the UE receiver, the limitation would be directly given by the ADC dynamic range (in the order of ADC_dynamic_range(35-40dB). Imperfect AGC at the time of reception would additionally decrease the relative dynamic range the receiver front-end is able to handle, i.e. a value smaller than ADC_dynamic_range.

Observation 5: The D2D receiver desensing issue will be limited by the dynamic range of the ADC of the receiver front-end. Imperfect AGC will further reduce the dynamic range of the received signals within the carrier bandwidth.

As the investigations on D2D discovery & communication are just in their beginning, issues like power control and AGC operation in the D2D receiver have not been subject of any discussions so far. The limited dynamic range given by the desensing issue will need to be somehow taken into account – and we see two ways of doing this:
1. Accurately model the effect of imperfect AGC and the ADC dynamic range in system level simulations

· Agreements on AGC modelling etc. would be needed for that

· Rather tremendous modelling effort during the SI phase

2. Neglect the desensing issue in the early phase of the D2D studies – but make sure the limited dynamic range of the UE receiver front-end is taken into account in the evaluations as such

· The in-band emission modelling might support this by guaranteeing a not too optimally modeled spectral emission mask 

We think that for the studies carried out in the SI phase, it might be better to converge on the second approach, of not explicit modelling of the desensing issue but including a reasonable minimal threshold in the in-band emission modelling to prevent overoptimistic results in terms of D2D receiver front-end dynamic range. A reasonable range could be -30 to -36dBc, depending on how much AGC imperfection we would like to include here. 

Proposal 4: Do not explicitly model the desensing issue in the simulations but include a reasonable minimal threshold in the order of -30dBc to -36dBc in the in-band emission modelling to take the limited receiver front-end dynamic range into account. 

4
Potential way forward on D2D in-band emission /
non-ideality modelling
Based on the discussions, observations & proposals in the previous sections, we suggest RAN1 to consider a modified Option B’ for non-ideality modelling in the spirit of the in-band emission modelling of TS 36.101 including additional offsets for each of the modeled in-band emission components to all non-allocated PRBs to capture the fact that some implementations might be (on average) some dBs better than the minimum requirement. 
Looking now at the offsets again two options can be considered:
· Option 1: A single offset of XdB to be applied to all the components contributing to the UE TX in-band emissions 
· Basically calculate the values from the TS 36.101 (with the modification on potential multi-cluster transmission) – and just subtract e.g. X=3dB from the in-band emission values

· Option 2: Apply different offsets for the different components contribution to the UE TX in-band emissions 
· Calculate each component from TS 36.101 (with the modification on potential multi-cluster transmission) – and just subtract the individual offset value from each component separately before adding them up
· Related the desensing issue due to limited ADC dynamic range combined with imperfect AGC (of Sec. 2.1) might hint into the direction to apply a smaller offset or not apply an offset at all to the absolute minimum (given by -30dBc in Note1 of Table 6.5.2.3.1-1of TS 36.101 [2])
Observation 6: A single offset could be applied to all the components contributing to the in-band emission shape of TS 36.101. Alternatively, a smaller offset or no offset might be considered for the absolute minimum in-band emission (due to the desensing issue).
As long as a single offset is not chosen to be too large, a single offset would simplify and provide sufficient modelling accuracy for the initial stages of the D2D related system investigations. Therefore, we suggest:
Proposal 5: Apply extended Option B with an offset in the order of 3dBs to take typical UE implementations into account that outperform the minimum in-band emission requirements.

4
Conclusion
In this contribution, we consider in-band emission modelling as well as other imperfection modelling for D2D system analysis based on status of the RAN1 email-reflector discussions [1]. Based on the discussions in this document the following observations are made:

· Observation 1: The same effects modelled in Option B as IQ-image, LO-leakage and effect of EVM on neighboring PRBs are also present in measurements of existing products. Option C’ misses these transmitter effects totally. 

· Observation 2: The in-band emission performance of existing products might be a few dBs better than the minimum requirements. 
· Observation 3: TX EVM modelling is of special importance for subcarrier level D2D multiplexing. 

· Observation 4: Rel. 8 studies did not show a real motivation to go for subcarrier-level operation.

· Observation 5: The D2D receiver desensing issue will be limited by the dynamic range of the ADC of the receiver front-end. Imperfect AGC will further reduce the dynamic range of the received signals within the carrier bandwidth.

· Observation 6: A single offset could be applied to all the components contributing to the in-band emission shape of TS 36.101. Alternatively, a smaller offset or no offset might be considered for the absolute minimum in-band emission (due to the desensing issue).

Leading to the following proposals made in this contribution:
· Proposal 1: Use in-band emission modelling in the spirit of TS 36.101 / Option B taking into account products with performance better than the minimum requirements. 

· Proposal 2: Restrict the D2D investigations to PRB level operation in the spirit of LTE Rel. 8 - 11.

· Proposal 3: Extend Option B to cover multi-cluster transmission by adding the IQ-image of each cluster independently to the model, and using for the EVM part
· 
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· Proposal 4: Do not explicitly model the desensing issue in the simulations but include a reasonable minimal threshold in the order of -30dBc to -36dBc in the in-band emission modelling to take the limited receiver front-end dynamic range into account. 

· Proposal 5: Apply extended Option B with an offset in the order of 3dBs to take typical implementations into account that outperform the minimum in-band emission requirements.
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