[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #102-e                                         R4-2205584
Electronic Meeting, Feb 21- Mar 03, 2022

Source: 	Huawei, HiSilicon
Title: 	On MPR for intra-band con-current operation
[bookmark: _GoBack]Agenda Item:	10.15.3.1
Document for:	Approval
Introduction
A WF was agreed to further consider MPR for intra-band con-current operation in this meeting [1]:
This contribution provides our consideration on addressing the issue.
Discussion
Previously we have agreement on the assumed UE architectures for TDM and FDM, i.e. 
· 1st priority: TDM with same carrier or different carrier (Single RF chain for Tx as baseline)
· 2nd priority: FDM with adjacent carrier (Separate RF chain for Tx as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain for Tx as baseline)
In our understanding, the TDM or FDM operation in RAN4 is to facilitate the discussion of the requirements, however, there are no such specific modes in RAN1 spec, and no UE capability to report that UE only supports TDM or FDM. In RRC connected mode, whether transmission overlapping or not depends on NW scheduling. Therefore, simultaneous transmission could also occur for the single RF chain architecture. 
Usually for 1Tx, simulation is adopted for the MPR evaluation, but for 2Tx, considering the reverse IMD issue, measurement is the main method for the MPR evaluation. We see intra-band con-current operation for licensed band is quite similar to the case for intra-band UL CA, it is noted that MPR for contiguous CA and non-contiguous CA are different, in addition, the requirements for NC CA are separated for different UE architectures. For V2X, so far the separation between Uu and SL may not be that large, thus the requirements may not be that complicated as NC CA, but for 2Tx, simulation may not be enough to derive the requirements. 
Due the similarity of con-current operation and UL CA, both have 1Tx and 2Tx architectures, and both have PC3 and PC2 evaluation, the main difference is the waveform. In that sense, the requirements difference for UL CA vs single CC as well as the CA requirements for 1Tx vs 2Tx would be an important reference for specifying the MPR for con-current operation. 
The figure below listed the relationship of PC3 and PC2 MPR for intra-band CA vs single CC. It can be seen that the CA requirements for all the cases are relaxed compared to single CC, i.e. larger MPR, no matter 1Tx or 2Tx. 
[image: ]
Figure 1 MPR comparison for single CC vs intra-band UL CA
If we admit the similarity of con-current operation and intra-band UL CA, there is no reason the MPR for con-current operation could be much less than that for single CC. Due to limited time for further detailed evaluation, especially the full measurement evaluation for 2Tx cases, we would like to make some compromise to but the values in section 2.3.2 in brackets. 
Uu PC3 MPR for single carrier vs intra-band UL CA
For PC3 UE, the MPR values for single carrier and intra-band UL CA are different. 
· For single carrier, MPR for 1T and 2T are the same
· For intra-band UL CA, MPR for 1T and 2T are different, 2T requirements are bit relaxed

TS 38.101-1 Table 6.2.2-1 Maximum power reduction (MPR) for power class 3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	≤ 02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	[bookmark: _Hlk525291220]NOTE 1:	Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. 


 
TS 38.101-1 Table 6.2A.2.1-1: Contiguous RB allocation for Power Class 3
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	outer
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	1.0
	3.5
	2.5
	7

	
	QPSK
	1.0
	3.5
	2.5
	7

	
	16QAM
	1.5
	3.5
	2.5
	7

	
	64QAM
	3.0
	4.0
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.0
	4.0
	3.5
	8

	
	16QAM
	2.5
	4.0
	3.5
	8

	
	64QAM
	3.5
	4.0
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8



Observation 1: For singe Tx implementation, even for CA bandwidth class B, the MPR for CA is relaxed for 0.5-1.5dB for different modulation schemes. 
Observation 2: For both singe Tx and dual Tx implementation, the requirements for PC3 UE for UL CA are the same. 
Uu PC2 MPR for single carrier vs intra-band UL CA
For PC2 UE, the MPR values for single carrier and intra-band UL CA are different. 
· For single carrier, MPR for 1T and 2T are different, requirements for 2T are relaxed
· For intra-band UL CA, MPR for 1T and 2T are different, 2T requirements are bit relaxed

TS 38.101-1 Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5



TS 38.101-1 Table 6.2A.2.1-1a: Contiguous RB allocation for Power Class 2 
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer1
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	2.0
	4.01
	2.5
	7

	
	QPSK
	2.0
	4.01
	2.5
	7

	
	16QAM
	2.5
	4.01
	2.5
	7

	
	64QAM
	3.0
	4.51
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.5
	5.01
	3.5
	8

	
	16QAM
	3.0
	5.01
	3.5
	8

	
	64QAM
	3.5
	5.01
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8

	NOTE 1: When 1 RB or 2 RB are allocated at the lower edge of lowest CC or upper edge of upper CC, MPR for outer is 5.5 dB.



TS 38.101-1 Table 6.2A.2.1-3: non-contiguous RB allocation for Power Class 2
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer12
	Outer23
	Inner
	Outer12
	Outer23

	DFT-s-OFDM
	Pi/2 BPSK
	31
	6.5
	13
	31
	7.5
	13.5

	
	QPSK
	31
	6.5
	
	31
	7.5
	

	
	16QAM
	31
	6.5
	
	31
	7.5
	

	
	64QAM
	5
	6.5
	
	5
	7.5
	

	
	256QAM
	6.5
	7
	
	6.5
	7.5
	

	CP-OFDM
	QPSK
	3.51
	7
	14
	3.51
	8
	14.5

	
	16QAM
	3.51
	7
	
	3.51
	8
	

	
	64QAM
	5
	7
	
	5
	8
	

	
	256QAM
	7.5
	7.5
	
	7.5
	8
	

	NOTE 1: the allowed MPR is [4]dB for aggregated allocation bandwidth < [2MHz]. 
NOTE 2: Outer 1 MPR for Pi/2 BPSK and QPSK is reduced by 2dB for aggregated allocation bandwidth > 10MHz 
NOTE 3: Outer 2 MPR is reduced by 4.5dB for aggregated allocation bandwidth > 10MHz



According to WF in [3], the MPR values are bit relaxed for 23+23dBm PA configuration, i.e. 
	
	CP-OFDM
	DFT-s-OFDM

	contiguous inner
	+0.5
	+1

	contiguous outer
	+0.5
	+1

	non-contiguous inner
	+0.5
	+1

	non-contiguous outer 1
	+1
	+1

	non-contiguous outer 2
	+1
	+1



Observation 3: For singe Tx implementation, for CA bandwidth class B and DFT-s-OFDM, the MPR for CA continuous inner RB allocation is relaxed for 0.5-2 dB for different modulation schemes, while for outer RB allocation, the relaxation is larger, i.e. 1.5-3dB. 
Observation 4: MPR for non-contiguous RB allocation are larger than those for contiguous RB allocation
Observation 5: For dual Tx implementation, the requirements for PC2 UE are further relaxed. 
V2X MPR for single carrier vs con-current operation
Tentative values in the TR for con-current operation
PC3 MPR for single carrier vs intra-band con-current operation
Tables below list the MPR for PC3 NR V2X and tentative values for intra-band con-current operation.
TS 38.101-1 Table 6.2E.2.2-1: Maximum Power Reduction (MPR) for power class 3 NR V2X
	Modulation
	Channel bandwidth/MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	CP-OFDM
	QPSK
	≤ 4.5
	≤ 2.5

	
	16QAM
	≤ 4.5
	≤ 2.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 7.0



TR 38.785 Table 5.2.4.2.2-3: Contiguous RB allocation for Power Class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [1.0]
	≤ [1.0]

	
	16QAM
	≤ [1.0]
	≤ [1.0]

	
	64QAM
	≤ [1.0]
	≤ [1.0]

	
	256QAM
	≤ [1.5]
	≤ [1.5]



TR 38.785 Table 5.2.4.2.2-4: Non-contiguous RB allocation for Power Class 3
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	16QAM
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	64QAM
	≤ [1.0]
	≤ [1.5]
	≤ [3.0]

	
	256QAM
	≤ [1.5]
	≤ [2.0]
	≤ [3.0]



PC2 MPR for single carrier vs intra-band con-current operation
Tables below list the MPR for PC2 NR V2X and tentative values for intra-band con-current operation.
TR 38.785 Table 5.1.2.2.1-1: Maximum Power Reduction (MPR) for power class 2 V2X (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth/MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	CP-OFDM 
	QPSK
	≤ 5.5
	≤ 2.5

	
	16QAM
	
	

	
	64 QAM
	≤ 6.0
	≤ 4.5

	
	256 QAM
	≤ 7.0



TR 38.785 Table 5.2.4.2.2-5: Contiguous RB allocation for Power Class 2
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	≤ [1.5]
	≤ [3.5]

	
	16QAM
	≤ [2.0]
	≤ [3.5]

	
	64QAM
	≤ [3.0]
	≤ [3.5]

	
	256QAM
	≤ [5.0]
	≤ [5.0]



TR 38.785 Table 5.2.4.2.2-6: Non-contiguous RB allocation for Power Class 2
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	Outer1
	Outer2

	CP-OFDM
	QPSK
	≤ [2.0]
	≤ [4.0]
	≤ [6.0]

	
	16QAM
	≤ [2.5]
	≤ [4.0]
	≤ [6.0]

	
	64QAM
	≤ [3.5]
	≤ [4.5]
	≤ [6.0]

	
	256QAM
	≤ [4.5]
	≤ [5.0]
	≤ [6.0]



Observations on MPR for intra-band con-current operation
Observation 6: It is observed that the PC3 and PC2 MPR values for intra-band con-current operation are based on simulation assumptions in TR section 5.2.4.2.2. While for 2Tx requirements no matter for single carrier or UL intra-band CA, the requirements are mainly based on measurement, in which the reverse IMD impact has been considered.
Observation 7: MPR for the proposed intra-band con-current operation are quite smaller than those for single carrier, even the values are based on 2Tx assumptions.
Further analysis and proposal
Though we appreciate the inputs for the simulation results, compare to MPR Uu single carrier as well as UL intra-band CA, we feel the values for intra-band con-current operation need to be revised. Based on our evaluation, we think that additional 0.5~1.0dB relaxation based on PC3 and PC2 MPR values for NR V2X single carrier should be considered. The proposed MPR values for intra-band con-current are listed in table 2.3.2-1/2 for PC3 and PC2 respectively.
Table 2.3.2-1: MPR for contiguous RB allocation for PC3 intra-band con-current operation
	Modulation
	Channel bandwidth/MPR (dB)

	
	Inner RB allocations
	Outer RB allocations

	CP-OFDM
	QPSK
	[≤ 3.0]
	[≤ 5.0]

	
	16QAM
	[≤ 3.0]
	[≤ 5.0]

	
	64 QAM
	[≤ 5.0]
	[≤ 5.5]

	
	256 QAM
	≤ 7.5



Table 2.3.2-2: MPR for non-contiguous RB allocation for PC3 intra-band con-current operation
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	[≤ 3.0]
	[≤ 5.0]

	
	16QAM
	[≤ 3.0]
	[≤ 5.5]

	
	64QAM
	[≤ 5.0]
	[≤ 6.5]

	
	256QAM
	≤ 8.0



Table 2.3.2-3: MPR for contiguous RB allocation for PC2 intra-band con-current operation
	Modulation
	Channel bandwidth/MPR (dB)

	
	Inner RB allocations 
	Outer RB allocations

	CP-OFDM 
	QPSK
	[≤ 3.0]
	[≤ 6.0]

	
	16QAM
	
	

	
	64 QAM
	[≤ 5.0]
	[≤ 6.5]

	
	256 QAM
	[≤ 7.5



Table 2.3.2-4: MPR for non-contiguous RB allocation for PC2 intra-band con-current operation
	Modulation
	MPR for bandwidth class B(dB)

	
	inner
	outer

	CP-OFDM
	QPSK
	[≤ 3.0]
	[≤ 6.0]

	
	16QAM
	[≤ 3.0]
	[≤ 6.5]

	
	64QAM
	[≤ 5.0]
	[≤ 7.0]

	
	256QAM
	[≤ 8.0]



Proposal 1: It is proposed to agree the MPR values for PC3 and PC2 NR V2X intra-band con-current operation 
Conclusion
This contribution provides our further analysis on MPR for PC3 and PC2 NR V2X intra-band con-current operation. Based on the comparison with Uu single carrier as well as intra-band UL CA for both 1Tx and 2Tx, and further evaluation, we have the following observations and proposal.
Observation 1: For singe Tx implementation, even for CA bandwidth class B, the MPR for CA is relaxed for 0.5-1.5dB for different modulation schemes. 
Observation 2: For both singe Tx and dual Tx implementation, the requirements for PC3 UE for UL CA are the same. 
Observation 3: For singe Tx implementation, for CA bandwidth class B and DFT-s-OFDM, the MPR for CA continuous inner RB allocation is relaxed for 0.5-2 dB for different modulation schemes, while for outer RB allocation, the relaxation is larger, i.e. 1.5-3dB. 
Observation 4: MPR for non-contiguous RB allocation are larger than those for contiguous RB allocation
Observation 5: For dual Tx implementation, the requirements for PC2 UE are further relaxed. 
Observation 6: It is observed that the PC3 and PC2 MPR values for intra-band con-current operation are based on simulation assumptions in TR section 5.2.4.2.2. While for 2Tx requirements no matter for single carrier or UL intra-band CA, the requirements are mainly based on measurement, in which the reverse IMD impact has been considered.
Observation 7: MPR for the proposed intra-band con-current operation are quite smaller than those for single carrier, even the values are based on 2Tx assumptions.
Proposal 1: It is proposed to agree the MPR values for PC3 and PC2 NR V2X intra-band con-current operation in Tables 2.3.2-1 to 2.3.2-4.
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