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1. Introduction
In RAN1#74, an LS was sent to RAN4 by RAN1 on in-band emissions modeling for D2D system level simulations [3]. In this contribution, we present our proposal for the actions being requested in the LS [3]. 
In our understanding, the motivation for the LS [3] is as follows: RAN1 has identified that the UE in-band emissions will affect D2D operation. Thus RAN1 wishes to model the “typical” UE transmit in-band emissions as opposed to the “worst-case” minimum in-band emissions requirements defined in TS 36.101 [7]. This includes modeling both the implementation margin expected for a “typical” UE, and the difference between the “worst-case” emissions (i.e., when a harmonic / inter-modulation product lies directly on an unallocated resource) and the “typical” emissions on an unallocated resource block.

In the LS [3], two modifications to the UE requirement for in-band emissions from Table 6.5.2.3.1-1of TS 36.101 [7] are proposed:
· Extension for multi-cluster transmissions

· Offsets (W, X, Y, Z) introduced for various in-band emission components to model the “typical” emissions


The in-band emissions model proposed in the LS [3] is reproduced in Appendix A. Further, the following actions are requested from RAN4:
	Actions: RAN1 respectfully asks RAN4 to provide input on the values of W,X,Y,Z together with whether the UE TX inband emission modelling described in this LS is an acceptable representation of a “typical” UE transmitter for RAN1 system level simulation purposes only.



This contribution is organized as follows: In section 2, we discuss the multi-cluster extension for in-band emissions model, and in section 3 we propose the offset values for various in-band emission components for single-cluster transmissions. The draft proposal for the response LS is included in our companion contribution [4].
2. In-band emissions for multi-cluster transmissions
In the LS [3], an extension to the in-band emission model was proposed for mutli-cluster transmissions (as reproduced in Appendix A). The extension attempts to capture the multiple ACLR components from each of the transmission cluster. The extension, however, does not consider the inter-modulation products between the transmission clusters. 

Even with 0dB offset values in the proposed model [3], the inter-modulation products will result in many violations (emissions greater than as predicted by model). Further, the violations will be of a high magnitude in many cases. Such violations are expected to be dominant for cases in which clusters have high RB allocations and the inter-modulation products lie inside the channel bandwidth. Including additional offsets, will further limit the applicability of the model for D2D system level simulations. 
In view of the above observation we feel that the RAN1 should not utilize the proposed extension for multi-cluster transmissions in its system level simulations.
Proposal 1: RAN1 should not use the proposed extension for multi-cluster transmissions in R1-133986 in system level simulations due to inappropriate inter-modulation product modeling.
3. Offsets for single-cluster transmissions
We agree with RAN1’s rationale for the LS  [3] that modeling the “typical” UE TX in-band emissions may be preferred for RAN1 system level simulations, as opposed to the “worst-case” emissions that dictate the minimum UE requirement. Using offsets for various in-band emissions components, we can model both the implementation margin expected for a “typical” UE, and the difference between the “worst-case” emissions (e.g., when a harmonic lies directly on an unallocated resource) and the “typical” emissions on an unallocated resource block.
In LS [3], offsets W, X, Y, Z were introduced in the model as shown in Appendix A. We propose to split X into X1, X2, X3 as shown in Table 1 for further flexibility in choosing the offsets. Note that the split of X into multiple offsets becomes relevant only for larger RB allocations (e.g., greater than 10RBs for 10MHz BW and the proposed offsets), and may not be explicitly required otherwise. The following offset values are proposed.
The values for X1, X2, Y, and Z follow the implementation margin expected for a typical UE. The values for X3 and W follow the statistical variation in the emissions across non-allocated RBs, i.e., average emissions on a particular non-allocated RB is better than the maximum over all non-allocated RBs. 
Values for offsets X1, X2, Y, Z

We propose that for X1, X2, Y, Z an implementation margin of 3dB can be assumed for the corresponding in-band emissions components (i.e., LO leakage, IQ Image, -57dBm/180kHz floor etc.).

Table 1: UE Tx in-band emissions assumptions for D2D system level simulations. Changes from the minimum requirements of Table 6.5.2.3.1-1in TS 36.101 [7] are highlighted (also note the offsets X1, W, X2 not highlighted).
	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 dB –X3 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 the allocated bandwidth, 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:
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 is the Transmission Bandwidth (see Figure 5.6-1). 

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:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

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, X1, X2, X3, Y, Z model the effect of a “typical” UE performance having lower in-band 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.


Values for offsets X3, W

For the offsets X3, W, we note that the “typical” UE emissions, as observed on an unallocated RB are typically better than the worst-case requirement that occurs when a harmonic mixed with the LO lies on that RB. Hence the worst-case requirement, while required to derive the minimum UE in-band emissions performance, will lead to interference being overestimated in most cases for D2D system level simulations.
To propose values for the offsets X3, W, we simulated all possible RB allocations for single-cluster transmissions and observed the in-band emissions on all unallocated RBs. The metric used to determine the offset values was chosen as:
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where averaging is performed over all possible RB allocations. Note that the in-band emissions model referred above corresponds to Table 1, and not the minimum UE requirements in TS 36.101 [7]. The offset values were chosen that lead to a minimal fraction (on average) of non-allocated RBs on which the offsets lead to model under-estimating the simulated in-band emissions (<1% for QPSK modulation, and <3% for 16QAM modulation). This ensures that the “typical” UE emissions are modeled better, and the “worst-case” emissions are rarely violated. Hence D2D system level simulation will reflect a more realistic interference due to in-band emissions, while ensuring that the interference is not under-estimated on average. 
Based on our simulations, W = 3dB and X3 = 6 dB seem reasonable leading to M < 1% with QPSK modulation, and M < 3% with 16QAM modulation. Table 2 shows these results for QPSK and 16QAM modulated transmissions, simulated for different channel bandwidths and transmit power. The simulation assumptions used were:
· PA operating point: with fully allocated REL-8 100RB QPSK signal, UTRAACLR1 = 33 dBc with antenna connector Pout = 22 dBm
· Post PA loss: 4dB

· Carrier frequency: 2 GHz

· Modulator LO leakage: 3 dB implementation margin over requirements of Table 6.5.2.3.1-1 of TS 36.101 [7]
· Modulator IQ image: 3 dB implementation margin over requirements of Table 6.5.2.3.1-1 of TS 36.101 [7]
Table 2: Average fraction of non-allocated RBs for which the simulated in-band  emissions exceed the proposed model with offsets {W,X1,X2,X3,Y,Z} = {3,3,3,6,3,3}dB
	Pout (dBm)
	Modulation / Channel BW (MHz)

	
	QPSK
	16QAM

	
	10
	15
	20
	10
	15
	20

	23
	< 0.1%
	< 0.1%
	< 0.1%
	0.3%
	0.3%
	0.3%

	10
	0.4%
	0.4%
	0.4%
	2.4%
	2.6%
	2.5%

	0
	0.3%
	0.2%
	0.2%
	0.8%
	0.9%
	0.9%

	-30
	0%
	0%
	0%
	0%
	0%
	0%

	-40
	0%
	0%
	0%
	0%
	0%
	0%


Observation: For the proposed offset values of W = 3dB and X3 = 6 dB, the fraction of non-allocated RBs that exceeds the in-band emission model is less than 1% and 3% for QPSK and 16QAM, respectively.
Proposal 2: RAN1 D2D system level simulations may use Table 1 to model the “typical” UE Tx in-band emissions for contiguous RB transmissions, with the offset values {W, X1, X2, X3, Y, Z} = {3, 3, 3, 6, 3, 3} dB.

4. Conclusion

In this contribution, we present our proposal for the actions being requested in the LS [3]. We propose the following:
Proposal 1: RAN1 should not utilize the proposed extension for multi-cluster transmissions in R1-133986 in system level simulations due to inappropriate inter-modulation product modeling.
Observation: For the proposed offset values of W = 3dB and X3 = 6 dB, the fraction of non-allocated RBs that exceeds the in-band emission model is less than 1% and 3% for QPSK and 16QAM, respectively.
Proposal 2: RAN1 D2D system level simulations may use Table 1 to model the “typical” UE Tx in-band emissions for contiguous RB transmissions, with the offset values {W, X1, X2, X3, Y, Z} = {3, 3, 3, 6, 3, 3} dB.
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Appendix A

Following are the in-band emissions assumptions proposed by RAN1 in the LS [3] to model the “typical” UE emissions for D2D system level simulations. Changes with respect to the baseline UE TX in-band emissions requirements from Table 6.5.2.3.1-1 of  TS 36.101 [7] are shown in red.
Table 3: UE Tx in-band emissions proposed by RAN1 for D2D system level simulations [3].
	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 
[image: image14.wmf]RB

N

 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. 
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