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Introduction
Further to the LS sent by RAN4 to RAN1 [1] on simultaneous transmission of multiple PFSCH channels by a UE this paper presents MPR simulation results for 3 such multi-PFSCH scenarios.  These simulations were done for a train of symbols containing PFSCH symbols only. 
MPR
In [2,3] there have been several opinions expressed on the number of PFSCH channels that can be simultaneously supported by a UE. To better understand the impact of multi-channel PFSCH transmission on TX performance 3 scenarios with different tones placement within the TX band were simulated. The characteristics of the TX channel for these simulations are given below:

	Tx Characteristics
	 
	Unit

	BW
	40
	MHz

	SCS
	30
	KHz

	Max RB
	106
	 

	# of RB per Tone
	1
	

	Waveform Type
	CP-OFDMA
	 

	Modulation
	QPSK
	 



Table 1 – TX Characteristics for multi-tone PFSCH simulations
For these simulations the tones were placed at the following locations for the 3 simulations [ 1 1 ; 106 106], [ 1 1 ; 53 53], [1 1 ; 53 53 ; 106 106]. The above waveforms were passed through a typical band 47 PA and their performance was compared against the ACLR, EVM, SEM, SPUR and IBE specifications given in TS38.101-1. The ACLR was compared to a specification of 30dBc, the EVM to a specification of 17.5% while the SEM, spur and IBE levels were compared against the values in TS38.101-1 tables 6.5.2.2.-1, 6.5.3.1-2 and 6.4.2.3-1 respectively. The MPR values were calculated as the power back-off difference required to meet all the above specifications compared to a 40MHz full RB, QPSK, DFTS modulated reference waveform. The MPRs for each waveform is given below:

	Waveform
	MPR
	Unit

	[1 1 ; 106 106]
	7
	dB

	[1 1 ; 53 53]
	1.5
	dB

	[1 1 ; 53 53 ; 106 106]
	6
	dB



Table 2 – MPR results for multi-tone PFSCH simulations
The waveforms with large tone spacing need higher MPRs because they generate spurs that fall far outside the Tx band and give rise to spur failures as the tone powers increase.  
Observation1: PFSCH channels with larger tone separations create spurs that fall far outside the band edge and require a larger MPR than those channels with smaller tone separations.
Observation2: The required MPR would be similar to the MPRs for LTE multi-cluster waveforms
IBE
In RAN4 the IBE has only been defined for single cluster waveforms. The IBE for multi-cluster waveforms have not been defined to date. For multi-cluster waveforms we propose using a composite mask that is the maximum of the individual cluster masks. For RB locations that have IMD’s due to the intermixing of clusters we propose selecting from 1 of 2 options:
1. Specify IMD exception 
2. Specify an MPR relaxation in order to meet the IBE composite mask
Proposal 1: For multi-cluster waveforms a composite IBE mask should be created from the maximum of the individual cluster masks.
Proposal 2: For in-band RB locations that have IMD’s due to intermixing of clusters it is proposed selecting from 1 of 2 options:
1. Specify exceptions for IMDs
2. Specify an MPR relaxation for those tone combinations in order to meet the composite IBE mask
A-MPR
The NR V2X frequencies in band 47 have additional FCC emissions requirements captured in [4] that must be met. These requirements have been transcribed below:  

	ΔfOOB (MHz) 
	Frequency (MHz)
	Emission Limit (dBm) 
	Measurement Bandwidth 

	-100
	5765
	-30
	1MHz

	-40
	5825
	-50
	100kHz

	-20
	5845
	-43
	100kHz

	-10
	5855
	-38
	100kHz

	-2
	5863
	-36
	100kHz

	0
	5865
	-32
	100kHz

	 
	 
	 
	 

	0
	5905
	-32
	100kHz

	2
	5907
	-36
	100kHz

	10
	5915
	-38
	100kHz

	20
	5925
	-43
	100kHz

	40
	5945
	-50
	100kHz

	100
	6105
	-30
	1MHz



Table 3 – FCC emissions requirements from 5685 to 5905
It is proposed that the emissions requirements given in Table 3 be made a part of the V2X A-MPR specification. 
Also, in E-UTRA V2X a UE within 5855MHz to 5905MHz must conform to an additional spectrum mask as per ETSI EN 302 571 when NS-33 or NS_34 are signaled. These requirements are presented in the following table

	Spectrum emission limit (dBm EIRP)/ Channel bandwidth

	ΔfOOB
(MHz)
	10 MHz
	Measurement bandwidth

	 0-0.5
	[]
	100 kHz

	 0.5-5
	[]
	100 kHz

	 5-10
	[]
	100 kHz



Table 4 – Additional E-UTRA V2X emissions
It is proposed that the emissions requirements given in Table 4 be made a part of the V2X A-MPR specification.

Proposal 3: Emissions requirements given in Table 3 should be made a part of the V2X A-MPR specification
Proposal 4: Emissions requirements given in Table 4 should be made a part of the V2X A-MPR specification
System Performance Impact
In the previous RAN4 meeting, companies raise the question about the system performance impact caused by the large MPR required to support concurrent PSFCH transmission. To the best of our knowledge, such question is within RAN1 scope. If there should be any rule to decide the number of PSFCH to transmit and which PSFCH to prioritize for transmission, that discussion is best handled by RAN1.
Nevertheless, for the sake of completeness, we present here our system evaluation. In this setting, we show that even without any special rule, there is no system performance impact at all. The details are as follows:
We have a system wide feedback gap that occurs once every 4 slots. Each feedback gap consists of 2 symbols for PSFCH and 1 symbol for RX-TX turn around and 1 symbol for RX-TX turn around. For each PSCCH-PSSCH transmission, the corresponding PSFCH resource is mapped to 1RB in the next occurrence of the feedback gap. Those details are illustrated in figures 1 and 2. 


Figure 1. System wide PSFCH feedback structure


Figure 2. An example for HARQ feedback resource mapping

Each UE maintains a list of potential PSFCH to transmit based on whether it has received the previous PSCCH -PSSCH transmission or not. If the list is less than 5 different PSFCHs, then the UE will transmit all PSFCH in the list concurrently, otherwise it will randomly choose 5 out that list to transmit. Furthermore, if 2 PSFCHs occupies the same RB allocation, we will randomly drop one of the 2 for the shake of simplicity. 
We assume that MPR = 0dB if only 1 PSFCH is transmitted. When there are multiple concurrent PSFCH, an MPR of 8dB is applied. The 8dB value is derived from our initial evaluation of 7dB and add 1 dB margin to account for the fact that we have not yet sweep all possible waveform in an exhaustive manner.
For IBE, the mask will be calculated for each of the contiguous RB cluster following. Then for each of the non-allocated RB, the final IBE limit is the max of the corresponding limits of the individual masks.
For inter-modulation (IMD), we currently model IMD3 as follow. For each pair RB2 > RB1 of allocated PSFCH, the RB where IMD3 product is expected to land are:
· IMD RB1 = RB1 - |RB2 – RB1| (left)
· IMD RB2 = RB2 + |RB2 – RB1| (right)
For each of the IMD3 RB locations, the leakage is modelled as [25] dB below the PSD level of the PSFCH waveform.
In this simulation, we have a special condition to simulate ‘genie PSFCH transmission and reception’. In this setting, all potential PSFCH of all UE are assumed to be sent and successfully received by all other UEs. As such, it represents the theoretical limit of the system. The gap between this theoretical limit and the realistic setting will represent the cost of limiting the number of concurrent PSFCH transmissions.
The traffic model is the NR medium aperiodic model. All UEs that are 320m away from the transmitting UE are its intended receiver. Each packet is transmitted once, then transmission keeps on repeating as long as the packet delay budget, pdb, has not yet run out and at least one PSFCH is not received (e.g. at least one of the intended receivers cannot receive the packet). Further details of modelling (e.g drop, channel model, etc.) follows that in [5]. The PRR curves are shown in figure 3.
[image: ]
Figure 3. UE distance Vs PRR

As we can see, the gap between the genie PSFCH setting and the realistic setting is minimal. So we think N<=5 will be a good starting point for RAN4 to evaluate MPR/A-MPR requirements.  
Observation 3: With up to 5 concurrent PSFCH transmissions, and a simple rule to decide number of transmitted PSFCH, the system performance is already close to optimal.
Proposal 5: The discussion on system performance impact should belong to RAN1
.Conclusion
Three PFSCH simulations were done to determine the MPRs required for multi-tone operation. Results indicate that an MPR of approximately 7dB is required for the cases which have the largest possible tone separations.
Observation1: PFSCH channels with larger tone separations create spurs that fall far outside the band edge and require a larger MPR than those channels with smaller tone separations.
Observation2: The required MPR would be similar to the MPRs for LTE multi-cluster waveforms
Proposal 1: For multi-cluster waveforms a composite IBE mask should be created from the maximum of the individual cluster masks.
Proposal 2: For in-band RB locations that have IMD’s due to intermixing of clusters it is proposed selecting from 1 of 2 options given below:
1. Specify exceptions for IMDs
2. Specify an MPR relaxation for those tone combinations in order to meet the composite IBE mask

Proposal 3: Emissions requirements given in Table 1 should be made a part of the V2X A-MPR specification
Proposal 4: Emissions requirements given in Table 2 should be made a part of the V2X A-MPR specification
Observation 3: With up to 5 concurrent PSFCH transmissions, and a simple rule to decide number of transmitted PSFCH, the system performance is already close to optimal.
Proposal 5: The discussion on system performance impact should belong to RAN1
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