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1. Introduction
During the last RAN4 meeting, companies has submitted initial SL-U MPR simulation results. There are some divergence on the simulation results hence some further alignment has been made during the meeting, i.e. the image rejection are set to 34dBc, SEM for wide-band operation has been aligned offline, etc. Hence we provide some further simulation results after the alignment and try to finalize the SL-U MPR requirement.
2. Discussion
The updated agreement for SL-U MPR simulation assumption is captured below and the MPR simulation are captured below based on the agreed WF[1] in the last meeting.
Issue 3-1-1: Simulation assumption and cases for PSSCH/PSCCH
· WF
· Waveforms: CP-OFDM for SL-U
· Supported CBW: 20/40/60/80/100MHz. 
· Modulation: QPSK/16-QAM/64-QAM/256-QAM
· SCS: 15/30/60kHz
· C-IMD: 60dBc
Moderator note: For the sake of simplicity of simulation, 60kHz is removed at this meeting.

Issue 3-1-2: Image rejection for simulation
· Proposals
· Option 1: For image rejection, it is proposed to use 30dBc for QPSK/16QAM/64QAM and 34dBc for 256QAM. (OPPO)
· Option 2: In NR a 28dBc carrier and image is specified but in NR-U, to meet the wideband operation mask of 28dBr outside the allocated sub-band, there are case which would be marginal even without added spectral regrowth. (Skyworks)
Moderator note: Based on the online discussion, it seems 34dBc can be agreed. Furthermore, based on moderator understanding, even the in-band image should not be ignored since the SEM for in-band still apply and need to take the image into account. 
· WF
· To use 34dBc image rejection for QPSK/16QAM/64QAM/256QAM

[bookmark: _Hlk146549390]With the agreement above, the simulation cases are updated with 60kHz deleted. For each case, the QPSK, 16QAM, 64QAM and 256QAM will be simulated.
Table 1 simulation cases
	
	case
	Waveform
	BW
	RB Setup
	SCS

	Full Allocation
Single CC
	1
	CP-OFDM
	20
	105RB0
	15

	
	2
	CP-OFDM
	20
	50RB0
	30

	
	3
	CP-OFDM
	40
	216RB0
	15

	
	4
	CP-OFDM
	40
	105RB0
	30

	
	5
	CP-OFDM
	60
	160RB0
	30

	
	6
	CP-OFDM
	80
	216RB0
	30

	
	7
	CP-OFDM
	100
	270RB0
	30

	Interlaced Allocation
Single CC
	8
	CP-OFDM
	20
	1 RB0 every 10RBs
	15

	
	9
	CP-OFDM
	20
	1RB0 every 5RBs 
	30

	
	10
	CP-OFDM
	40
	1RB0 every 10RBs 
	15

	
	11
	CP-OFDM
	40
	1RB0 every 5RBs 
	30

	
	12
	CP-OFDM
	60
	1RB0 every 5RBs 
	30

	
	13
	CP-OFDM
	80
	1RB0 every 5RBs 
	30

	
	14
	CP-OFDM
	100
	1RB0 every 5RBs 
	30

	Wide band operation
contiguous RB allocation
	15
	CP-OFDM
	40
	Bitmap 10
	30

	
	16
	CP-OFDM
	60
	Bitmap 100
	30

	
	17
	CP-OFDM
	60
	Bitmap 110
	30

	
	18
	CP-OFDM
	60
	Bitmap 010
	30

	
	19
	CP-OFDM
	80
	Bitmap 1000
	30

	
	20
	CP-OFDM
	80
	Bitmap 1100
	30

	
	21
	CP-OFDM
	80
	Bitmap 1110
	30

	
	22
	CP-OFDM
	80
	Bitmap 0100
	30

	
	23
	CP-OFDM
	80
	Bitmap 0110
	30

	
	24
	CP-OFDM
	100
	Bitmap 10000
	30

	
	25
	CP-OFDM
	100
	Bitmap 11000
	30

	
	26
	CP-OFDM
	100
	Bitmap 11100
	30

	
	27
	CP-OFDM
	100
	Bitmap 11110
	30

	
	28
	CP-OFDM
	100
	Bitmap 01000
	30

	
	29
	CP-OFDM
	100
	Bitmap 01100
	30

	
	30
	CP-OFDM
	100
	Bitmap 01110
	30

	
	31
	CP-OFDM
	100
	Bitmap 00100
	30

	Wide band operation
Interlaced RB allocation 
	32
	CP-OFDM
	40
	Bitmap 10
	30

	
	33
	CP-OFDM
	60
	Bitmap 100
	30

	
	34
	CP-OFDM
	60
	Bitmap 110
	30

	
	35
	CP-OFDM
	60
	Bitmap 010
	30

	
	36
	CP-OFDM
	80
	Bitmap 1000
	30

	
	37
	CP-OFDM
	80
	Bitmap 1100
	30

	
	38
	CP-OFDM
	80
	Bitmap 1110
	30

	
	39
	CP-OFDM
	80
	Bitmap 0100
	30

	
	40
	CP-OFDM
	80
	Bitmap 0110
	30

	
	41
	CP-OFDM
	100
	Bitmap 10000
	30

	
	42
	CP-OFDM
	100
	Bitmap 11000
	30

	
	43
	CP-OFDM
	100
	Bitmap 11100
	30

	
	44
	CP-OFDM
	100
	Bitmap 11110
	30

	
	45
	CP-OFDM
	100
	Bitmap 01000
	30

	
	46
	CP-OFDM
	100
	Bitmap 01100
	30

	
	47
	CP-OFDM
	100
	Bitmap 01110
	30

	
	48
	CP-OFDM
	100
	Bitmap 00100
	30



Corresponding MPR results are shown as below for case 1 to 14:
Table 2 MPR for single CC
	case
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	QPSK
	3.2 
	3.1 
	3.2 
	3.2 
	3.2 
	3.2 
	3.2 
	3.4 
	3.1 
	3.3 
	3.2 
	3.2 
	3.3 
	3.2 

	16QAM
	3.7 
	3.6 
	3.7 
	3.7 
	3.7 
	3.7 
	3.6 
	3.4 
	3.1 
	3.3 
	3.2 
	3.2 
	3.3 
	3.2 

	64QAM
	5.0 
	5.2 
	5.1 
	5.0 
	5.2 
	5.1 
	5.1 
	4.1 
	4.3 
	4.1 
	4.4 
	4.1 
	3.9 
	4.0 

	256QAM
	8.8 
	8.6 
	8.6 
	8.8 
	8.6 
	8.5 
	8.7 
	6.6 
	7.5 
	7.6 
	7.9 
	6.6 
	6.5 
	6.8 


The wide-band operation simulation result is further provided below:
Table 3 MPR for Wideband operation
	
	Bitmap
	10
	100
	1000
	10000
	010
	0100
	01000
	00100
	110
	1100
	11000
	0110
	01100
	1110
	11100
	01110
	11110

	Contiguous
	QPSK
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 
	2.8 

	
	16QAM
	3.5 
	3.5 
	3.6 
	3.5 
	3.6 
	3.5 
	3.6 
	3.5 
	3.7 
	3.5 
	3.6 
	3.5 
	3.6 
	3.5 
	3.6 
	3.7 
	3.6 

	
	64QAM
	5.1 
	5.1 
	4.8 
	5.2 
	4.7 
	5.1 
	4.9 
	5.1 
	4.9 
	5.1 
	4.7 
	4.8 
	5.0 
	5.1 
	4.8 
	5.0 
	5.2 

	
	256QAM
	7.4 
	7.5 
	7.7 
	8.5 
	7.3 
	7.4 
	8.0 
	7.5 
	8.5 
	7.4 
	7.3 
	7.6 
	8.0 
	7.4 
	7.7 
	8.5 
	8.5 

	Interlace
	QPSK
	2.6 
	2.6 
	2.7 
	2.8 
	2.6 
	2.6 
	2.6 
	2.6 
	2.6 
	2.6 
	2.7 
	2.7 
	2.7 
	2.6 
	2.7 
	2.8 
	2.6 

	
	16QAM
	2.9 
	2.9 
	3.0 
	2.9 
	3.0 
	2.9 
	3.0 
	2.9 
	3.0 
	2.9 
	3.0 
	3.0 
	2.8 
	2.9 
	3.0 
	3.0 
	2.8 

	
	64QAM
	4.1 
	4.1 
	4.2 
	4.1 
	4.2 
	4.1 
	4.1 
	4.1 
	4.2 
	4.1 
	4.2 
	4.1 
	4.0 
	4.1 
	4.2 
	4.1 
	4.1 

	
	256QAM
	6.5 
	6.6 
	6.8 
	6.6 
	6.8 
	6.6 
	6.7 
	6.6 
	6.8 
	6.6 
	6.8 
	6.7 
	6.6 
	6.6 
	6.8 
	6.7 
	6.5 




Figure 1, Contiguous and Interlaced Single CC MPR


Figure 2, Contiguous and Interlaced Wideband MPR
Some observation can be made when considering these simulation results. 
Firstly. for full RB allocation, the MPR for QPSK, 16QAM and 64QAM are quite stable. For different simulation cases the numbers are within 0.5dB difference and the largest number for each modulation is 3.2dB for QPSK; 3.7dB for 16QAM and 5.2dB for 64QAM. The above numbers apply for both the single CC and wideband cases.
Observation 1: The MPR for QPSK, 16QAM and 64QAM for different simulation cases the numbers are within 0.5dB difference.
Observation 2: The largest number of MPR for each modulation is 3.2dB for QPSK; 3.7dB for 16QAM and 5.2dB for 64QAM and they apply for both the single CC and wideband cases.
From NR-U requirement perspective, the NR-U MPR requirement has been set as shown below captured from TS 38.101-1 while only the CP-OFDM part has been captured.
Table 4: NR-U MPR requirement
Pre-coding
Modulation
RB Allocation


Full2 (dB)
Partial3 (dB)
Exception for 100MHz Full5 (dB)
CP-OFDM
QPSK
≤ 3.5
≤ 3.5
≤ 4.5

16 QAM
≤ 4.0
≤ 4.0
≤ 4.5

64 QAM
≤ 5.5
≤ 5.5


256 QAM
≤ 7.0
≤ 7.0



In such cases, the full RB allocation limit as 3.5dB for QPSK; 4.0dB for 16QAM and 5.5dB for 64QAM are quite near to our simulation results when considering the observation 2. In this case, it is proposed to re-use the full RB allocation MPR for NR-U to SL-U for QPSK, 16QAM and 64QAM.
Proposal 1: It is proposed to re-use the full RB allocation MPR for NR-U to SL-U for QPSK, 16QAM and 64QAM.
However, for 256QAM, the MPR simulation result for single CC full RB allocation are also quite aligned for different cases and the largest number is 8.8. In this case, we propose 9dB for single CC full RB allocation cases. Together consider the full RB allocation for wideband operation, it is observed that for case 15 to case 31, the 256QAM result vary a little from 7.3dB to 8.5dB. In this case, two limits can be set with 8dB MPR limit and 9dB MPR limit. The sub-band configuration exceptions that currently the NR-U requirement is differentiated can apply at this case.
Observation 3: For 256QAM, the MPR simulation result vary between 1. dB from 7.3 to 8.5dB.
Proposal 2: It is proposed to set two limit as 8dB and 9dB MPR for 256QAM full RB allocation. 
Proposal 3: The 8dB limit can be used with bitmap exception method that the NR-U apply.
In current TS 38.101-1, the full and partial are defined besides the full RB and interlaced RB allocation together with the wide-band operation bit-maps. Table 5 below captures the exception MPR mapping for wide-band operation of different bit-maps.
Table 5: Exception MPR mapping for wideband operation
Wideband operation channel bandwidth (MHz)
Sub-band configuration exceptions
40
10, 01
60
None
80
1100, 0011, 0100, 0010
100
00111, 11100, 00011, 11000
NOTE 1:	The sub-band configuration is represented as a bitmap where ‘1’ indicates that a sub-band is transmitted and ‘0’ indicates a sub-band is not transmitted.  The bitmap is ordered with MSB mapped to the lowest frequency sub-band and LSB mapped to highest frequency sub-band within the wideband channel.
NOTE 2:	Void.


[bookmark: _Hlk146549485]The case 15, 16, 17, 19, 20, 22, 24, 25, 26, 28, 29 can apply 8dB limit while the rest of the cases should apply 9dB limit.
So the exception bitmap can be listed as below:
Table 6 exception cases mapping to bitmap
	15
	CP-OFDM
	40
	Bitmap 10
	30

	16
	CP-OFDM
	60
	Bitmap 100
	30

	17
	CP-OFDM
	60
	Bitmap 110
	30

	19
	CP-OFDM
	80
	Bitmap 1000
	30

	20
	CP-OFDM
	80
	Bitmap 1100
	30

	22
	CP-OFDM
	80
	Bitmap 0100
	30

	24
	CP-OFDM
	100
	Bitmap 10000
	30

	25
	CP-OFDM
	100
	Bitmap 11000
	30

	26
	CP-OFDM
	100
	Bitmap 11100
	30

	28
	CP-OFDM
	100
	Bitmap 01000
	30

	29
	CP-OFDM
	100
	Bitmap 01100
	30


The Exception MPR mapping for wideband operation is proposed as below:
Proposal 4: The exception bitmaps are proposed as:
Table 7: Exception bitmap mapping
	Wideband operation channel bandwidth (MHz)
	Sub-band configuration exceptions

	40
	10, 01

	60
	110, 011

	80
	1000, 1100, 0100, 0010, 0011, 0001

	100
	10000, 11000, 11100, 01000, 01100, 00110, 00010, 00111, 00011, 00001



Secondly. for Inter-laced RB allocation, similar to full RB allocation, for single CC, MPR for QPSK, 16QAM and 64QAM are quite stable. For different simulation cases the numbers are within 0.5dB difference. A table 8 below shows the comparison between single cc and wide-band operation.
Table 8 largest simulation results for single CC and Wideband
	
	Single CC Interlaced
	Wide band Interlaced
	NR-U limit

	QPSK
	3.4
	2.8
	3.5

	16QAM
	3.4
	3.0
	4.0

	64QAM
	4.4
	4.2
	5.5


The difference between single CC and wideband is at most 0.6dB. Also the NR-U limit covers the simulation results with around 1dB margin. 
Observation 4: For inter-laced RB allocation, the simulation result for single CC and wide-band are near and the NR-U limit can cover with 1dB margin.
In this case, we believe to re-use the NR-U MPR for SL-U for QPSK, 16QAM, 64QAM for interlaced RB allocation are quite reasonable.
Proposal 5: It is proposed to re-use the Inter-laced RB allocation MPR for NR-U to SL-U for QPSK, 16QAM and 64QAM.
For interlaced RB allocation 256QAM, the simulation result for single CC with largest number as 7.9dB and for wide-band with largest number as 6.8dB. For the exception defined in proposal 3 and 4, 8dB MPR limit is proposed and hence it can be used for inter-laced RB allocation MPR.
Proposal 6: For interlaced RB allocation, use 8dB MPR for 256QAM for SL-U.
With the above proposals, the SL-U MPR is proposed to be as below:
Proposal 7: The SL-U MPR table is as below:
Table 9: NR-U MPR requirement
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)


	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3.5

	
	16 QAM
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 5.5
	≤ 5.5

	
	256 QAM
	≤ 9.0
	≤ 8.0


3	Conclusions
In this contribution, we give initial discussion on the sidelink evolution and the observation and proposals are shown as below:
Observation 1: The MPR for QPSK, 16QAM and 64QAM for different simulation cases the numbers are within 0.5dB difference.
Observation 2: The largest number of MPR for each modulation is 3.2dB for QPSK; 3.7dB for 16QAM and 5.2dB for 64QAM and they apply for both the single CC and wideband cases.
Observation 3: For 256QAM, the MPR simulation result vary between 1. dB from 7.3 to 8.5dB.
Observation 4: For inter-laced RB allocation, the simulation result for single CC and wide-band are near and the NR-U limit can cover with 1dB margin.
Proposal 1: It is proposed to re-use the full RB allocation MPR for NR-U to SL-U for QPSK, 16QAM and 64QAM.
Proposal 2: It is proposed to set two limit as 8dB and 9dB MPR for 256QAM full RB allocation. 
Proposal 3: The 8dB limit can be used with bitmap exception method that the NR-U apply.
Proposal 4: The exception bitmaps are proposed as:
Table 7: Exception bitmap mapping
	Wideband operation channel bandwidth (MHz)
	Sub-band configuration exceptions

	40
	10, 01

	60
	110, 011

	80
	1000, 1100, 0100, 0010, 0011, 0001

	100
	10000, 11000, 11100, 01000, 01100, 00110, 00010, 00111, 00011, 00001



Proposal 5: It is proposed to re-use the Inter-laced RB allocation MPR for NR-U to SL-U for QPSK, 16QAM and 64QAM.
Proposal 6: For interlaced RB allocation, use 8dB MPR for 256QAM for SL-U.
Proposal 7: The SL-U MPR table is as below:
Table 9: NR-U MPR requirement
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)


	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3.5

	
	16 QAM
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 5.5
	≤ 5.5

	
	256 QAM
	≤ 9.0
	≤ 8.0
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