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1 Introduction

During RAN1#82 it was agreed that companies should describe impairment models for the proposed L1 enhancements for V2x transmission over PC5. In this contribution we compare different options for PC5 transmission and modulation from CM and inband emissions perspectives. The models discussed here have been used in the system level simulations [1]. 
2 Discussion on Cubic Metric
In this section we compare CM defined as CM=(RCM-1.52)/1.85 dB [2], where RCM is the raw CM. We consider the following schemes:
1. SC-OFDM (R12 D2D L1 format);

2. OFDM (data symbol);

3. SC-OFDM with DMRS every 6th subcarrier, corresponding to the “2H” format discussed in [1][3]. Please refer to [3] for details.
We consider a 10MHz carrier and DMRS sequences are generated according to 36.211 and mapped according to the proposed schemes. Simulations were performed for scheduled bandwidths of 6, 12 and 24 PRBs, however a single CM value is shown in the table because the differences were minor.
Table 1: CM comparison for potential L1 formats for PC5-V2x. We also provide the relative difference compared to SC-OFDM in parenthesis.
	
	Cubic Metric

	
	QPSK
	16QAM
	64QAM

	SC-OFDM 
(data symbol)
	1.0
	1.8
	1.9

	OFDM
	3.3
(+2.3)
	3.3
(+1.5)
	3.3
(+1.4)

	SC-OFDM with DMRS every 6th subcarrier
(“2H”)
	2.2
(+1.2)
	2.6
(+0.8)
	2.6
(+0.7)


Observations:

· The worst-case CM increase of SC-OFDM with DMRS every 6th subcarrier (“2H”) compared to SC-OFDM is 1.2dB (for QPSK)
· For 16QAM the CM increase is 0.8dB and for 64QAM the CM increase is 0.7dB

· SC-OFDM with DMRS every 6th subcarrier (“2H”) has significantly lower CM than OFDM.
3 Discussion on Inband Emissions
Inband emissions were extensively discussed during Rel-12 D2D standardization. After liasing between RAN1 and RAN4 it was concluded  that typical inband emissions can be parametrized according to the model in [4] with parameter choices {W,X,Y,Z}={0,0,0,0} and {W,X,Y,Z}={3,6,3,3}. The model above was assuming SC-OFDM transmission with subcarrier spacing of 15kHz and can be considered even in the V2V context. For the purpose of V2V simulations that do not aim at modelling impact to WAN we suggest however to use model {W,X,Y,Z}={3,6,3,3} as baseline.

When it comes to OFDM and SC-OFDM with DMRS every 6th subcarrier different transmission strategies may be adopted in order to tackle the CM increase as compared to SC-OFDM. 

Alt.1: maintain same maximum nominal tx power irrespective of modulation scheme. For a given PA it is expected that the increase in CM will result in approximately the same level of increase in the inband emissions, unless some hardware optimizations are provisoined. Based on Table 1 and the Rel-12 model, we suggest the following models:
Table 2: Proposed inband emissions model without assuming any additional MPR (reduction of maximum power) as compared to Rel-12 D2D.
	
	OFDM
	SC-OFDM with DMRS every 6th subcarrier

	
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	W [dB]
	0.7
	1.5
	1.6
	1.8
	2.2
	2.3

	X [dB]
	6

	Y [dB]
	3

	Z [dB]
	3


Alt.2: The maximum power per each modulation order is reduced compared to SC-OFDM by the relative CM increase as shown in Table 1. In this case the original SC-OFDM emission mask {3,6,3,3} can be reused. 

Observations:

· Two alternative models are possible for inband emissions in case of SC-OFDM with DMRS every 6th subcarrier (“2H”):

· Alt.1: no additional MPR compared to D2D, increased emission levels according to Table 2.
· Alt.2: increased MPR per modulation order compared to D2D, according to the relative CM difference shown in Table 1.
We further observe that in [3][5] a modulation scheme based on shorter OFDM symbol and increased subcarrier spacing is studied at link level. Since our preference is to not adopt such a scheme due to link level considerations in the paper we have not further developed inband emission models and system simulations for such option. We nevertheless expect degradation of the emissions with 30kHz due to loss of orthogonality with 15kHz-spacing LTE waveforms.

In order to quickly progress the work in RAN1 we suggest the following way forward for evaluation purpose:

Proposals:

· RAN1 assumes Alt.2 above as baseline when evaluating SC-OFDM with DMRS every 6th subcarrier (“2H”). 

· The additional MPR values proposed for QPSK, 16QAM and 64QAM are respectively {1.2, 0.8, 0.7} dB 
· {W,X,Y,Z}={3,6,3,3} is used as baseline values for modelling inband emissions for “4V” and “2H”;
· RAN4 could be involved in evaluation of feasibility of Alt.1, if justified by performance and interest. We do not see the urgency of involving RAN4 at this point.

4 Conclusions

In this contribution we discuss CM and inband emissions for various modulation schemes to be considered for V2V. We conclude the following:
Observations:

· The worst-case CM increase of SC-OFDM with DMRS every 6th subcarrier (“2H”) compared to SC-OFDM is 1.2dB (for QPSK)

· For 16QAM the CM increase is 0.8dB and for 64QAM the CM increase is 0.7dB

· SC-OFDM with DMRS every 6th subcarrier (“2H”) has significantly lower CM than OFDM.
· Two alternative models are possible for inband emissions in case of SC-OFDM with DMRS every 6th subcarrier (“2H”):

· Alt.1: no additional MPR compared to D2D, increased emission levels according to Table 2.
· Alt.2: increased MPR per modulation order compared to D2D, according to the relative CM difference shown in Table 1.

Proposals:

· RAN1 assumes Alt.2 above as baseline when evaluating SC-OFDM with DMRS every 6th subcarrier (“2H”). 

· The additional MPR values proposed for QPSK, 16QAM and 64QAM are respectively {1.2, 0.8, 0.7} dB 
· {W,X,Y,Z}={3,6,3,3} is used as baseline values for modelling inband emissions for “4V” and “2H”;
· RAN4 could be involved in evaluation of feasibility of Alt.1, if justified by performance and interest. We do not see the urgency of involving RAN4 at this point.
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