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1. Introduction

In this document, we present our proposal for UE ACLR model for the purpose of D2D coexistence simulations. The need for this discussion arises from the fact that D2D transmissions can be narrowband (e.g., 2RBs), while the prior coexistence studies done for LTE/LTE-advanced in TR 36.942 assumed wider UE transmissions (e.g., 4RBs and higher with RB width of 375 kHz for LTE, and 16 RBs for LTE-advanced).
For D2D coexistence simulations, the likely BWs of aggressor and victim UEs are 2RBs and 16RBs, respectively. Hence, in this paper, we restrict the focus on narrow aggressor BW of 1 or 2 RBs and victim UE BW of 8 or 16RBs. 

This paper is organized as follows. Section 2 lists the assumptions used for simulations in the paper, and also introduces two notations for ease of presentation. Section 3 provides some background in ACLR model derived in TR36.942, and the challenges in extending them for the case of narrow aggressor BWs. Section 4 presents our proposal on the ACLR model for D2D coexistence simulations and simulation results to validate the same.
2. Assumptions and Notation

For the simulations presented in this paper, the following assumptions were made:
· Aggressor channel BW = Victim channel BW = 10MHz

· Victim UEs (in adjacent channel) are allocated 16 RBs

· For simulations on transmit emissions

· PA operating point: with fully allocated REL-8 100RB QPSK signal, UTRAACLR1 = 33dBc with antenna connector Pout = 22dBm

· Modulator LO leakage and IQ image: As per TS 36.101


Further, the following two notations are introduced for ease of exposition:
· Od: offset in RBs between center subcarrier and the far-edge of transmissions 
· Oe: offset in RBs between far-edge (from center) of transmissions and the edge of transmission BW configuration (loosely referred to as channel edge hereafter, similar to TR36.942) towards the adjacent victim channel being simulated
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3. Background
In TR36.942, UE ACLR models are defined for equal and greater than 4 RBs of size 375MHz as used in for LTE coexistence studies, and for 16RBs as used in LTE-advanced coexistence studies. Figure 1 below (copied from TR 36.942, Fig. 12.1) illustrates the ACLR model definition. The values of ACLR1/2/3 are derived to capture the actual spectrum shape, for example, as shown in Figure 2 for a 16RB aggressor BW. Example papers on similar methodology include [3]

 REF _Ref383422618 \r \h 
[4]

 REF _Ref383422620 \r \h 
[5]. 
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Figure 2: Example spectrum shape with aggressor BW of 16RBs and transmitting on channel edge.


Extending the ACLR models to case of narrowband aggressor BW, however, presents some challenges. On one hand, it may be reasoned the ACLR models may be extended by scaling the transmissions BW (i.e., aggressor BW) and the measurement BW (i.e., widths of ACLR1/2/3) by the same amount. This is consistent with the UE ACLR models with varying aggressor BWs as derived in Table 5.2 of TR36.942. On the other hand, the aforementioned reasoning may not be valid when scaling down to a narrow aggressor BWs of 1 of 2 RBs due to the effect of harmonics. 
As shown in Figure 3 (with aggressor BW of 2RBs being transmitted on the channel edge), the harmonics may form a significant component of the leakage affecting the victim UE’s for narrow aggressor BWs. Further, as shown in Figure 4, the ACLR to victim UE’s farther from the channel edge (e.g., UE#2 and UE#3 in Figure 4) can be much lower when the significant harmonics no longer lie on those frequencies, i.e., when the narrowband aggressor is sufficiently far from the channel edge (e.g., 18RBs in Figure 4).
The derived ACLR model takes into account the observations made in Figure 3 and Figure 4.
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Figure 3: Example spectrum shape with aggressor bandwidth of 2RBs and transmitting on the channel edge. Victim UEs in adjacent channel are assumed to be using 16RBs. Shows the effect of harmonics on ACLR model for narrowband aggressor BWs.
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Figure 4: Example spectrum shape with aggressor bandwidth of 2RBs and transmitting at an offset of 18RBs from the channel edge. Victim UEs in adjacent channel are assumed to be using 16RBs. Shows ACLR to non-adjacent victim UEs is significantly reduced when harmonics no longer lie on those frequencies.


4. ACLR model

4.1. Rationale for the proposed ACLR model

From Figure 3 and Figure 4, the following key observations are made that need to be modeled:

1.  For narrowband aggressor BWs, multiple steps (e.g., more than 3) in the ACLR model are desired to avoid a pessimistic model. 
2. Figure 3 and Figure 4 suggest a simple staircase step model (with step sizes equal to BWAggressor) may lead to a pessimistic model, unless the number of steps is considerably large.
3. For victim UE’s that are non-adjacent to (and sufficiently far from) the aggressor’s channel, Figure 3 suggests that ACLR may be considerably small if significant harmonics no longer lie on the victim RBs (e.g., for victim UE#2 and UE#3 in Figure 3.
The proposed ACLR model addresses the observations made above as follows (numbered corresponding to the observations above):
1. A four-step ACLR model is derived.

2. The second and (potentially) third step is wider than BWAggressor RBs. In particular, it was observed in simulations that 16RBs width for the second step is desired, while transition from third-step to fourth-step is based on the proposal below. For ease of exposition, we loosely refer to these steps as ACLR1/2/3/4 while noting that their widths are larger than BWAggressor in some cases.
3. For non-adjacent victim UEs that are at least 16RBs away from the aggressor’s channel, and when the third-order harmonics no longer lie on the victim RBs, we propose an ACLR4 equal to the spurious emissions limit of -30 dBm/MHz (=60dBc/RB with 23dBm transmit power). This is ensured using max(2×Od,16 + Oe) RBs away term in the model to switch between ACLR3 and ACLR4, where 2×Od ensures third-order harmonics no longer lie in victim RBs, and 16 + Oe ensures that it’s applicable for victim UEs at least 16RBs away from aggressor’s channel edge.

Note that observations 1 and 3 are consistent with the observations made in Section 5.1.1.4.2 of TR36.942 for the case of aggressor channel BW smaller than the victim channel BW, as similar reasoning applies in that case.
4.2. Proposed model 

Figure 5 below illustrates the proposed ACLR model for D2D coexistence study. The proposed model is captured in Table 1. Consistent with the focus of this paper, the model is applicable for BWAggressor of 1 or 2 RBs, and victim UE BW of 8 or 16RBs.
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Table 1: ACLR model D2D coexistence study (with applicability to BWAggressor of 1 or 2 RBs, and victim UE BW of 8 or 16RBs). Illustration of the model is included in Figure 5.
	
	Value
	Units
	Offset from the edge of D2D aggressor

	ACLR1
	30
	dBc/BWAggressor
	Adjacent

	ACLR2
	43
	dBc/BWAggressor
	Non-adjacent; less than 16 RBs away

	ACLR3
	47
	dBc/BWAggressor
	Non-adjacent; more than or equal to 16RBs, and less than max(2×Od,16 + Oe) RBs away

	ACLR4
	60
	dBc/RB
	Non-adjacent; more than or equal to max(2×Od,16 + Oe) RBs away


Proposal 1: Use the ACLR model defined in Table 1 for the purpose of D2D coexistence simulations.
4.3. Simulation results

In this subsection, we present simulation results to establish the validity of the model. Figure 6 shows the simulated and estimated ACLR experienced by the victim UE as a function of the location of the D2D aggressor (x-axis is the offset Oe in RBs) when BWAggressor = 2 RBs, and victim UE’s are allocated 16RBs. As can be seen from the figure, the proposed model corresponds well with the shape of the simulated ACLR, while being pessimistic at all times.
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Figure 6: Comparing simulated and model estimated ACLR experienced by a victim UE with transmission BW of 16RBs due to D2D aggressor with transmission BW of 2 RBs.
Figure 7 and Figure 8 presents some additional simulation results for the cases when the transmission BWs of the {victim UEs, D2D aggressor UE} is {16,1}RBs {8,2}RBs, respectively. As can be seen from the figure, the proposed model corresponds well with the shape of the simulated ACLR
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Figure 7: Comparing simulated and model estimated ACLR experienced by a victim UE. Transmission BW of Victim UE is 16RBs, and D2D aggressor is 1 RB.
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Figure 8: Comparing simulated and model estimated ACLR experienced by a victim UE. Transmission BW of Victim UE is 8RBs, and D2D aggressor is 2 RB. Not all victim UEs are shown for clarity of the figure.


5. Conclusions
In this paper, we presented our proposal on UE ACLR model for the purpose of D2D coexistence simulations, with applicability to the cases when the transmission BW of the D2D aggressor is 1 or 2 RBs, and the transmission BW of victim WAN UEs is 8 or 16RBs.The proposed model is captured in Table 1, and is illustrated in Figure 5.
Proposal 1: Use the ACLR model defined in Table 1 for the purpose of D2D coexistence simulations.
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Figure � SEQ Figure \* ARABIC �1�: Illustration of UE ACLR model for coexistence studies [Fig. 12.1 in TR 36.942]
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Figure � SEQ Figure \* ARABIC �5�: Illustration of ACLR model for D2D coexistence study.
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