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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Introduction
In RAN4#90, it was shown in [1] and [2] that with max PC1 TRP of 35dB the PC1 fully-allocated waveform (BW = 100MHz, SCS = 60KHz, DFT-s-OFDM QPSK, 128RB0) cannot meet SEM requirement. The reason was as follows. PC1 max TRP is 35dBm, with assumed ACLR = 16dB worst case, with the waveform of full 128RB, there is 35-16 = 19dBm leakage at each adjacent channel. With 100MHz BW, then in adjacent channel the average PSD is 19dBm/100MHz = -1dBm/MHz, which is much higher than -13dBm/MHz SEM limit. The worst PSD can be even higher since leakage has roll off shape. Our analysis shows that this fully-allocated waveform needs ~4.5dB backoff to meet SEM requirement.
In RAN#83, a new inner reference waveform (BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23) was approved for all power classes [3]. With PC1 max TRP of 35dBm, this new inner reference waveform can meet SEM requirement easily. Since new reference waveform has been defined, there is a need to evaluate PC1 MPR and CA MPR based on the new reference waveform.
In this contribution, we evaluate PC1 MPR and CA MPR based on the new reference waveform (BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23). The needed changes for PC1 MPR and CA MPR are accompanied in [4].
PC1 MPR Results
Based on the new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, we provide PC1 MPR results in Annex.
In Figure 1, we show required MPR for DFT-s-OFDM QPSK, BW = 100MHz, SCS = 60KHz. 
	[image: ]
Figure 1 MPR of DFT-s-OFDM QPSK, BW = 100MHz, SCS = 60KHz
(RBstart indexing in this figure starts from 1 not 0)


Observation 1: The fully-allocated waveform (BW = 100MHz, SCS = 60KHz, DFT-s-OFDM QPSK, 128RB0) has MPR of 4.5dB to meet SEM.
In Figure 2, we show required MPR for DFT-s-OFDM QPSK, BW = 100MHz, SCS = 120KHz.
[image: ]
Figure 2 MPR of DFT-s-OFDM QPSK, BW = 100MHz, SCS = 120KHz 
(RBstart indexing in this figure starts from 1 not 0)
Observation 2: The waveform (BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23) has 0dB MPR.
Observation 3: For BW ≤ 200MHz, the 1/3 inner RB region defined by (ceil(NRB/3)≤RBstart AND RBend≤ceil(2NRB/3)) has 0dB MPR
Observation 4: The PC1 MPR values for 64QAM should not have smaller values than corresponding PC3 values.
Observation 5: For BW = 400MHz, the PC1 0dB MPR inner region can follow the same PC3 0dB MPR inner region definition in [3] since SEM can be met in this region for PC1.
Observation 6: For BW = 400MHz, the MPR for CP-OFDM 64-QAM outer allocations should not have smaller value than the MPR for CP-OFDM 64QAM inner allocations.
[bookmark: _GoBack]Proposal 1: Based on MPR results (in Annex A) and above observations, with respect to the new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, we propose PC1 MPR as follows: 
For power class 1, MPR for contiguous allocations is defined as:
MPR = max(MPRWT, MPRnarrow)
Where,															
MPRnarrow = 14.4 dB, when BWalloc,RB is less than or equal to 1.44 MHz, MPRnarrow = 10 dB, when 1.44 MHz < BWalloc,RB ≤ 10.8 MHz, where BWalloc,RB is the bandwidth of the RB allocation size.								
MPRWT is defined in Tables 1 and 2, and it is the maximum power reduction due to modulation orders, transmission bandwidth configurations.
	Table 1
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 50 M, 100 M, 200 M
	Inner RB allocations, ≤ 200 M

	
	
	  RBstart ≥ Ceil(1/3 NRB) 
AND
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB) 
OR
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM PI/2 BPSK
	5.5
	0
	3

	DFT-s-OFDM QPSK
	6.5
	0
	3

	DFT-s-OFDM 16 QAM
	6.5
	4
	4

	DFT-s-OFDM 64 QAM
	6.5
	5.5
	5.5

	CP-OFDM QPSK
	7
	4.5
	4.5

	CP-OFDM 16 QAM
	7
	5.5
	5.5

	CP-OFDM 64 QAM
	7.5
	7.5
	7.5






	
		Table 2
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 400 M
	Inner RB allocations, 400 M

	
	
	RBstart ≥ Ceil(1/4 NRB) AND 
RBend ≤ Ceil(3/4 NRB) AND
LCRB ≤ Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB > Ceil(1/4 NRB)

	DFT-s-OFDM PI/2 BPSK
	5.5
	0
	3

	DFT-s-OFDM QPSK
	6.5
	0
	3.5

	DFT-s-OFDM 16 QAM
	6.5
	4.5
	4.5

	DFT-s-OFDM 64 QAM
	6.5
	6.5
	6.5

	CP-OFDM QPSK
	7
	5
	5

	CP-OFDM 16 QAM
	7
	6.5
	6.5

	CP-OFDM 64 QAM
	9
	9
	9









C1 UL CA MPR
UL CA Contiguous RB Allocation
Based on the new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, our CA MPR evaluation for contiguous RB allocations shows that current CA MPR values for contiguous RB allocations are sufficient. No change is needed for current PC1 CA MPR for contiguous RB allocations.
UL CA Non-Contiguous RB Allocation
Based on the new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, in Figure 3 we show CA MPR for non-contiguous RB allocation for different modulation schemes with aggregated BW <= 800MHz. The flat portion of CA MPR in Figure 1 can be covered by MPR of contiguous RB allocation. The slope portion of CA MPR in Figure 1 is due to SEM.
	[image: ]Figure 3: CA MPR for non-contiguous RB allocations


For very small allocation ratio A (e.g., 1RB+1RB+1RB, 1RB at first RB of 1st CC, 1RB at the middle RB of 2nd CC, and 1RB at the last RB of third CC), the limiting factor is SEM and MPR of 15.5dB is needed. Figure 2 shows the signal spectrum with 3 CCs of 1RB+1RB+1RB. From Figure 3, we observe that MPR of 15.5dB is needed to meet SEM.
Observation 7: For 3 CCs (each CC with BW = 100MHz) with 1RB+1RB+1RB non-contiguous allocation, MPR of 15.5dB is needed to meet SEM.

	[image: ] Figure 4: Signal spectrum for 3 CCs (each CC with BW = 100MHz)  with 1RB+1RB+1RB non-contiguous allocation


Proposal 2: Based on CA MPR results for non-contiguous RB allocation in Figures 3 and 4, we propose the following rule for CA MPR for non-contiguous RB allocations: 
For non-contiguous RB allocations, the following rule for MPR applies:
MPR = max(MPRC_CA, -10*A + [15.5])
Where:
A = NRB_alloc / NRB_agg_C.
NRB_alloc is the total number of simultaneously transmitted UL RBs
NRB_agg_C is the number of the aggregated RBs within the fully allocated cumulative aggregated channel bandwidth
Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, based on a new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, we provided PC1 MPR and PC1 CA MPR results.
Observation 1: The fully-allocated waveform (BW = 100MHz, SCS = 60KHz, DFT-s-OFDM QPSK, 128RB0) need MPR of 4.5dB to meet SEM.
Observation 2: The waveform (BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23) has 0dB MPR.
Observation 3: For BW ≤ 200MHz, the 1/3 inner RB region defined by (ceil(NRB/3)≤RBstart AND RBend≤ceil(2NRB/3)) has 0dB MPR
Observation 4: The PC1 MPR values for 64QAM should not have smaller values than corresponding PC3 values.
Observation 5: For BW = 400MHz, the PC1 0dB MPR inner region can follow the same PC3 0dB MPR inner region definition in [3] since SEM can be met in this region for PC1.
Observation 6: For BW = 400MHz, the MPR for CP-OFDM 64-QAM outer allocations should not have smaller value than the MPR for CP-OFDM 64QAM inner allocations.
Proposal 1: Based on MPR results (in Annex A) and above observations, with respect to the new PC1 reference waveform defined by BW = 100MHz, SCS = 120KHz, DFT-s-OFDM QPSK, 20RB23, we propose PC1 MPR as follows: 
For power class 1, MPR for contiguous allocations is defined as:
MPR = max(MPRWT, MPRnarrow)
Where,															
MPRnarrow = 14.4 dB, when BWalloc,RB is less than or equal to 1.44 MHz, MPRnarrow = 10 dB, when 1.44 MHz < BWalloc,RB ≤ 10.8 MHz, where BWalloc,RB is the bandwidth of the RB allocation size.								
MPRWT is defined in Tables 1 and 2, and it is the maximum power reduction due to modulation orders, transmission bandwidth configurations.	
	Table 1
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 50 M, 100 M, 200 M
	Inner RB allocations, ≤ 200 M

	
	
	  RBstart ≥ Ceil(1/3 NRB) 
AND
RBend ≤ Ceil(2/3 NRB)
	RBstart  <  Ceil(1/3 NRB) 
OR
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM PI/2 BPSK
	5.5
	0
	3

	DFT-s-OFDM QPSK
	6.5
	0
	3

	DFT-s-OFDM 16 QAM
	6.5
	4
	4

	DFT-s-OFDM 64 QAM
	6.5
	5.5
	5.5

	CP-OFDM QPSK
	7
	4.5
	4.5

	CP-OFDM 16 QAM
	7
	5.5
	5.5

	CP-OFDM 64 QAM
	7.5
	7.5
	7.5






	
		Table 2
	Modulation
	MPRWT (dB)

	
	Outer RB allocations, 400 M
	Inner RB allocations, 400 M

	
	
	RBstart ≥ Ceil(1/4 NRB) AND 
RBend ≤ Ceil(3/4 NRB) AND
LCRB ≤ Ceil(1/4 NRB)
	RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB > Ceil(1/4 NRB)

	DFT-s-OFDM PI/2 BPSK
	5.5
	0
	3

	DFT-s-OFDM QPSK
	6.5
	0
	3.5

	DFT-s-OFDM 16 QAM
	6.5
	4.5
	4.5

	DFT-s-OFDM 64 QAM
	6.5
	6.5
	6.5

	CP-OFDM QPSK
	7
	5
	5

	CP-OFDM 16 QAM
	7
	6.5
	6.5

	CP-OFDM 64 QAM
	9
	9
	9








Observation 7: For 3 CCs (each CC with BW = 100MHz) with 1RB+1RB+1RB non-contiguous allocation, MPR of 15.5dB is needed to meet SEM.
Proposal 2: Based on CA MPR results for non-contiguous RB allocation in Figures 3 and 4, we propose the following rule for CA MPR for non-contiguous RB allocations: 
For non-contiguous RB allocations, the following rule for MPR applies:
MPR = max(MPRC_CA, -10*A + [15.5])
Where:
A = NRB_alloc / NRB_agg_C.
NRB_alloc is the total number of simultaneously transmitted UL RBs
NRB_agg_C is the number of the aggregated RBs within the fully allocated cumulative aggregated channel bandwidth
The needed changes for PC1 MPR are accompanied in [4].
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Annex A
A.1 MPR Results of BW = 50MHz
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