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Introduction
In RAN4#80, a WF [3] on handling remaining issues in V2V RF Specifications in the scope of V2X WI was agreed. One of the remaining issues is:
· Issue 5: Further study impacts on RF requirements due to simultaneous PSCCH and PSSCH transmissions
· E.g. configured transmit power (PCMAX, c), EVM
However, no progress has been made in RAN4#80bis on this point. 
In particular, the remaining RF TX requirements includes:
· EVM requirements
· Configured Transmit Power requirements
· In-band emission requirements.
In this paper, we discuss our view on the above issues and propose ways to make progress in RAN4.
Discussion
 EVM Requirements
In V2V sidelink, it is agreed that PSSCH and PSCCH are transmitted simultaneously in the same subframe with 3dB PSD boosting for the corresponding PSSCH. As there can be confusion on how to apply EVM requirements in this case, it is beneficial to clarify in the specification that the EVM requirements will apply separately for PSSCH and PSCCH.
Proposal 1: Add clarification that EVM requirements always apply separately for V2V PSSCH and PSCCH. 
Furthermore, the number of DMRS symbols in a V2V sidelink subframe is increased to 4 to support higher speed at 5.9GHz frequencies. The DMRS symbols locations are {3, 6, 9, 12}. This makes the number of symbols carrying data in a subframe reduce to 8. As the EVM measurement period always ensure that there will be 120 measured OFDM symbols, the EVM measurement period for V2V PSSCH and PSCCH channels must be increased to 15 subframes and that for V2V reference signal EVM can be reduced to 30 subframes.
Proposal 2: The measurement period for V2V PSSCH and PSCCH EVM is 15 subframes. The measurement period of V2V reference signal EVM is 30 subframes.
Configured Transmit Power
In D2D sidelink, the configured transmit power is define separately for PSCCH and PSSCH. This is necessary because PSCCH and PSSCH are in different subframes in D2D and hence their transmit power can be adjust independently. Since V2V PSCCH and PSSCH are always transmitted simultaneously in the same subframe with fixed 3dB power boosting, only one common configured transmit power PCMAX, c should be specified for these two physical channel. This is aligned with how RAN1 has decided to capture these agreements in 36.213. Other physical channels are not supported yet in stand-alone V2V. 
Proposal 3: Only one common configured transmit power PCMAX, c should be specified for V2V PSCCH and PSSCH. Other physical channels are not supported in stand-alone V2V.  
 Also, RAN4 is currently considering different method to handle CEN DSRC protection requirements in Region 1. Such method may affect the definition of PCMAX_L, c term in the configured transmit power requirement formula.
 One possible method is to define a new class of MPR, e.g. D-MPR, which will be applied in addition to MPR and A-MPR whenever a UE is within the protected communication zone of CEN DSRC devices [2]. With this, the definition of PCMAX_L, c becomes
PCMAX_L, c = MIN {PEMAX, c – TC, c, PPowerClass – MAX (MPRc + MAX (A-MPRc, D-MPR) + ΔTIB,c + TC,c + TProSe, P-MPRc)},
where unless stated otherwise, a D-MPR of 0 dB shall be used. 
 Proposal 4: the formula for PCMAX_L, c is specified as
PCMAX_L, c = MIN {PEMAX, c – TC, c, PPowerClass – MAX (MPRc + MAX (A-MPRc, D-MPR) + ΔTIB,c + TC,c + TProSe, P-MPRc)},
where unless stated otherwise, a D-MPR of 0 dB shall be used. 
In-band Emission 
The current LTE IBE specification [1] is as follow
Table 6.5.2.3.1-1: Minimum requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

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

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

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	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:	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 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  is odd, or in the two RBs immediately adjacent to the DC frequency if  is even, but excluding any allocated RB. For UE of UL Category M1, the applicable frequencies shall also be the centre frequency of the supported 6RBs additionally.

NOTE 6:	 is the Transmission Bandwidth (see Figure 5.6-1). 

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

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



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

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


We see that the definition cannot be applied directly to V2V, as there is no clear interpretation of the involving parameters. In particular,
· 

: is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. However, it is possible that PSSCH use 16QAM modulation while PSCCH always use QPSK. In this case, it is not clear how the  parameter should be set.
· 
: is the starting frequency offset between the allocated RB and the measured non-allocated RB. For the V2V case, there is an ambiguity on the reference point of the offset. Should it be the edge of the PSSCH RB allocation or should it be the edge of the PSCCH allocation/
· 
: the requirement is defined assuming a flat PSD allocation on all RB. We have in V2V a 3dB PSD boosting for PSCCH allocated RB.
Moreover, we notice that V2V is a completely new waveform (2 overlaid SC-FDM waveforms, each can be adjacent or non-adjacent, each can have different Modulation order, and an imbalance PSD allocation) in a new band. In particular, when 2 SC-FDM waveforms are passed through a PA, inter-modulation products can arise which may severely impact the IBE performance. Hence, it may be true that the legacy requirement cannot be reused at all, even with adjusted definition of the parameters. In this case, a new requirement needs to be defined. In any case, IBE requirement needs to be backed by simulation/measurement results. 
Given this is an important remaining Core requirement left from V2V work item, we propose companies to contribute concrete proposal and start providing simulation/measurement results from next meeting so that we can progress on schedule.
Observation 1: V2V is a completely new waveform (2 overlaid SC-FDM waveforms, each can be adjacent or non-adjacent, each can have different Modulation order, and an imbalance PSD allocation) in a new band. 
Observation 2: when 2 SC-FDM waveforms are passed through a PA, inter-modulation products can arise which may severely impact the IBE performance.
Proposal 5: RAN4 need to carefully study IBE requirements for V2V. 
Observation 3: defining IBE requirement need backing simulation/measurement results.
Proposal 6: Companies are encouraged to provide concrete proposal and simulation/measurement results from next meeting. 
Conclusions
Proposal 1: Add clarification that EVM requirements always apply separately for V2V PSSCH and PSCCH.
Proposal 2: The measurement period for V2V PSSCH and PSCCH EVM is 15 subframes. The measurement period of V2V reference signal EVM is 30 subframes.
Proposal 4: the formula for PCMAX_L, c is specified as
PCMAX_L, c = MIN {PEMAX, c – TC, c, PPowerClass – MAX (MPRc + MAX (A-MPRc, D-MPR) + ΔTIB,c + TC,c + TProSe, P-MPRc)},
where unless stated otherwise, a D-MPR of 0 dB shall be used. 
[bookmark: _GoBack]Observation 1: V2V is a completely new waveform (2 overlaid SC-FDM waveforms, each can be adjacent or non-adjacent, each can have different Modulation order, and an imbalance PSD allocation) in a new band. 
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