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1. Introduction
In RAN1#74, an LS [1] on D2D In-band Emission Modeling for D2D System Level Simulations was sent to RAN4, which asked RAN4 to provide input on the values of W, X, Y, Z together with whether the UE TX in-band emission modeling described in this LS is an acceptable representation of a “typical” UE transmitter for RAN1 system level simulation purposes only. It was discussed in last RAN4#68bis meeting but no agreements were made. In this contribution we discuss our original considerations of D2D in-band emission modeling in RAN4.
2. Background
2.1 The main details of the LS are illustrated as bellow:
In Proximity Service (ProSe) Discovery and Communication several ProSe-enabled UEs might be transmitting D2D signals at the same time and in the same band similar as in LTE UL. In contrast to LTE UL, where there is a single point of reception i.e. the eNB, power control with respect to the point of reception will be not possible for D2D as the D2D signals are supposed to be received at several ProSe-enabled UEs having different locations. As a consequence, the dynamic range of the received D2D signals of different transmitting ProSe-enabled UE received at a ProSe-enabled UE depending on the scenario might be rather large. Therefore, RAN1 identified UE TX inband emissions to have an effect on D2D operation and the need to model the UE TX inband emissions of a “typical” D2D/ProSe-enabled UE in the related system level simulations.

RAN1 decided to use the contributions in the UE TX minimal inband emission requirements from Table 6.5.2.3.1-1of TS 36.101 [1] for the modelling in the simulations. Compared to Table 6.5.2.3.1-1 of [1], modifications have been agreed for system level modelling purpose only in order to enable multi-cluster transmission as well as to model some “typical” UE TX inband emission instead of assuming a “worst” case UE only fulfilling the minimum inband emission requirements of [1].

The resulting model to be used in system level simulation only is shown in Table 1, where the red parts indicate the modifications to [1] including a “typical” UE and multi-cluster transmission.
	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-28-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (Notes 2, 3)

	
	
	-25-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25-Y
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28-Z
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25-Z
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25-Z
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20-Z
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10-Z
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB – 30-X dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of each allocated RB, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
LCRB,i is the number of allocated RBs of the i-th cluster in case of multi-cluster transmission. The overall transmission bandwidth LCRB is given as the sum of the number of allocated RBs of all clusters. 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
(RB,i is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. (RB,i=1  or (RB,i=1 for the first adjacent RB outside of the allocated bandwidth of the i-th cluster. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.

NOTE 11:  The offset values of W, X, Y, Z model the effect of a “typical” UE performance having lower inband emissions compared to the minimum requirements in TS 36.101. This model and these offset values are only to be used in D2D system level simulations. 


Table 1: Agreed D2D UE TX inband emission modelling for RAN1 ProSe system level simulations only.

For RAN1 to proceed with the system level investigations on ProSe Discovery and Communication, RAN1 kindly request input from RAN4 on the offset values W, X, Y, Z [dB] in order to model a “typical” D2D UE in system level simulations only.
2.1 Discussion in RAN4
In last RAN4#68bis meeting the evaluation of in-band emission and the response to the RAN1 LS was discussed but no consensus were made. Some companies still have concerns for the offset values and think there is no sufficient justification for the chosen numbers. Way forward still need to be discussed in this RAN4 meeting based on input from more companies including implementation margins.
3. Discussion

It is our baseline understanding that any kind of in-band emission modelling of a “typical UE” used for system level simulations used by RAN1 being different to the minimum performance requirements in TS36.301, does not lead to new related minimum performance requirements in RAN4. But we still think it should be guaranteed that most of UEs can meet this requirement. Because only under this condition, the evaluation for D2D system level simulation in RAN 1 is meaningful. It is considered that the model shown in table 1 can be used for single cluster with suitable offset values W, X, Y, and Z, since it comes out of the minimum test requirement with implementation margins. In other words, for single cluster if the offset values W, X, Y, and Z are in the range of implementation margins, it can keep the most of UE meet the requirement specified in table 1. And we recommend the implementation margins are 3dB.
Proposal 1: the in-band emission modeling recommended by RAN 1 can be used for single cluster, and the offset values W, X, Y, and Z are proposed to be set [3, 3, 3, and 3].
But for multi-clusters, though the extension of in-band emission modeling has attempted to consider the effect on the adjacent non-allocated RB(s) from each of the transmission cluster. The extension, however, has not considered the inter-modulation products between the transmission clusters. If we still used the in-band emission modeling with the 3dB offset, it is difficult to guarantee most of UEs to meet the requirement. So a further study about the effect of inter-modulation product is needed for multi-clusters. As well known, the power level of inter-modulation product depends on the power of each transmission cluster, moreover, the position of inter-modulation product is unfixed; it depends on the position and the number of RB(s) of each transmission cluster. Most of all, the inter-modulation product may overlap the non-allocated RB(s) which is limited by general, IQ Image or Carrier leakage. So, the in-band emission for multi-clusters is very complicated and difficult to use a simple precise equation to express. Just because of this, we proposes using a rough model for multi-clusters for D2D system level simulation, according to our simulations, the inter-modulation product due to multi-clusters can meet PRB - 25 dB, if a 3 dB margin is given for implementation, the inter-modulation product for typical UE is about PRB - 28 dB. So if the in-band emission modeling is defined like the following table, we think it can keep the most of UE meet the requirements. Noted that the IQ image is removed from the table, that is because the limit value -28 dB in parameter General have already implied the effect of IQ image.
	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 1)

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
LCRB,i is the number of allocated RBs of the i-th cluster in case of multi-cluster transmission. The overall transmission bandwidth LCRB is given as the sum of the number of allocated RBs of all clusters. 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
(RB,i is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. (RB,i=1  or (RB,i=1 for the first adjacent RB outside of the allocated bandwidth of the i-th cluster. 

NOTE 11: This model is only to be used in D2D system level simulations. 


Proposal 2: the above in-band emission modeling is recommended for multi-clusters
4. Conclusions
In this contribution, we have analyzed the in-band emission modelling for D2D system level simulations. And have given two proposals about this issue.
Proposal 1: the in-band emission modelling recommended by RAN 1 can be used for single cluster, and the offset values W, X, Y, and Z are proposed to be set [3, 3, 3, and 3].

Proposal 2: a rough in-band emission model as shown in the following table is recommended for multi-clusters for D2D system level simulation
	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 1)

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
LCRB,i is the number of allocated RBs of the i-th cluster in case of multi-cluster transmission. The overall transmission bandwidth LCRB is given as the sum of the number of allocated RBs of all clusters. 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
(RB,i is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. (RB,i=1  or (RB,i=1 for the first adjacent RB outside of the allocated bandwidth of the i-th cluster. 

NOTE 11: This model is only to be used in D2D system level simulations. 
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