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1	Introduction
In RAN4#110, a WF [1] was agreed on HPUE FDD bands, where a number of open issues were listed regarding the PC2 A-MPR requirements for several FDD bands. In the sequel, we share our views.
2	Discussion
2.1 HPUE with dual Tx
The WF [1] proposes that:
The handling of HPUE with dual Tx requires special attention. When NR-U PC3 was specified, a separate table was introduced for dual Tx. While this might offer the clearest solution in terms of explicitly defined values it creates considerable work and more cluttering.
Companies are therefore asked to provide their views and proposals to efficiently solve the challenges with specifying A-MPR for dual Tx. 
<Way forward>:
· Option 1: Limit the dual-Tx UE A-MPR to be at most 3 dB higher than PC3, while allowing the extra [2] dB relaxation within this boundary.
· Option 2: Introduce dedicated A-MPR for PC2 with dual Tx (as has been done for other NS flags such as NS_60).
· Option 3: 
· Void Note 7 from Table 6.2.3.1-1,
· Limit the single-Tx and dual-Tx PC2 FDD A-MPR to be at most 3dB higher than PC3 A-MPR,
· Capture the dual-Tx A-MPR additional relaxation for each affected NS flag.
· We invite companies to study how to best capture the dual-Tx additional relaxation: 
· separate table from PC2 single Tx?
· footnote to single-Tx PC2 A-MPR for each regions?
· any other approach not precluded.
· Other Options are not precluded.


We can understand the 3dB limit as proposed in option 1 and 3. In the meantime, option 1 may be simpler to implement, while option 3 could require more work load, since different relaxation values may be needed for different A-MPR regions.
Proposal 1-1: Support the 3dB relaxation limit in principle. And continue the HPUE A-MPR work in case-by-case manner, since option 3 may require extra work load.

2.2 PC2 A-MPR for n13 NS_07
The following proposals are captured in the WF [1]:
<Way forward>:
· Further check whether NS_07 A-MPR for PC2 with single-Tx can be specified by introducing Tables 1 and 2 to 38.101-1.
· Table 3 is a showcase how A-MPR could end up in case Option 2 is selected in Sub-topic 1-1
· Table 3-bis as one example (to be further studied) of how the dual-TX A-MPR relaxation could be captured for sub-topic 1-1 option3.

After checking the candidate proposal against our simulations results shown in [4], we find that they do not match well. On the contrary, the proposal in [5] is more aligned with our results. In particular, the most demanding region A1 needs near 3dB more back-off compared with PC3, which is also confirmed by the measurement results in [6].
Proposal 2-1: Define 1Tx PC2 A-MPR for NS_07 as proposed in [5], i.e.,
Table 2.2-1: A-MPR for NS_07 (PC2 1Tx)
	Modulation/Waveform
	A1
	A2
	A3
	A4
	A5

	
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM QPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 16 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 64 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 256 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	CP-OFDM QPSK
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 16 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 64 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 256 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3



If a UE implemented with 2Tx PC2 needs more back-off to counter RIMD, it might be better to switch to 1Tx since the back-off A1 is more than 10dB. Usually, the concern on regions with large back-off is not about RIMD. Instead, it’s about trade-off between linearity and power consumption commonly seen in practical APT/ET PAs.
Regarding the A-MPR table format for PC2 with dual-Tx, we have no strong views. The example of Table 3-bis seems to be concise and clear.
Table 3-bis: dual-Tx PC2 additional A-MPR relaxation from single-Tx PC2 A-MPR for NS_07 
[in case of Sub-topic 1-1, Option 3] 
Modulation/Waveform
A1
A2
A3
A4
A5

Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
Outer/Inner
All modulations and all waveforms
1.5
1.5
1.0
0.0
0.0


Observation 2-1: The example Table 3-bis is concise and clear. It’s desired for the proponent to clarify how the values are obtained.
2.3 PC2 A-MPR for n28 NS_17
It was captured in the WF [1] that:
<Agreement>:
· For a UE implementing the dual-duplexer on band n28, no A-MPR for NS_17 is needed for PC2 as well as PC3, for BW of 5MHz and 10MHz.

<Way forward>:
· Continue work on NS_17 A-MPR requirements.

The remaining issue for NS_17 is to determine the PC2 A-MPR for the full-band duplexer implementation. As shown in the topic summary [2] in RAN4#110, three companies provided proposals, which are not far away from each other.
Proposal 3-1: Consider to merge the A-MPR proposals from different companies, e.g. to define three A-MPR regions, namely A1, A2 and A3 as below:
Table 2.3-1: A-MPR regions for NS_17 (assuming full-band duplexer)
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	723 ≤ Fc ≤ 728
	≤ 0.18 
	≤ 1.44
	A1

	
	
	≥ 0
	>= 5.4, < 7.2
	A2

	
	
	≥ 0
	>= 7.2
	A3



Proposal 3-2: Define the A-MPR for A3 as follows, with A1 and A2 to be merged from other two proposals [2].
Table 2.3-2: A-MPR for NS_17 for PC2
	Modulation/Waveform
	A1
	A2
	A3

	 
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ 3
	≤ 3.5
	≤ 5

	
	QPSK
	≤ [3.5/3]
	≤ [4.5/4]
	≤ 5

	
	16 QAM
	≤ [4/3.5]
	≤ [5/4]
	≤ 5

	
	64 QAM
	≤ 4
	≤ [5/4.5]
	≤ 5

	
	256 QAM
	 
	≤ [5/5.5]
	≤ 5.5

	CP-OFDM
 
 
 
	QPSK
	≤ [5/4.5]
	≤ [6/5.5]
	≤ [5.5]

	
	16 QAM
	≤ 5
	≤ [6/5.5]
	≤ [5.5]

	
	64 QAM
	≤ 5
	≤ [6/5.5]
	≤ [5.5]

	
	256 QAM
	
	
	



In [3], PC3 A-MPR for NS_17 was proposed for single-duplexer implementation. Since LTE and NR share the same RFFE in smartphones, PC3 A-MPR would also be needed for LTE. After internal evaluation, we can accept the PC3 A-MPR proposed in [3].
Proposal 3-3: For full-band duplexer implementation, define PC3 A-MPR for NS_17 for both NR and LTE.
It has been agreed that UEs implemented with dual-duplexers do not need A-MPR.  Hence, we re-iterate our proposal below:
Proposal 3-4: Define an additional set of A-MPR requirements targeted for full-band duplexer implementations, which can be indicated via modified MPR-Behavior.
2.4 PC2 A-MPR for n7 NS_46
It was captured in the WF [1] that:
<Way forward>: 
· Try to finalize the results for NS_46 by merging the A-MPR regions and values in R4-2400171, R4-2402213, R4-2402742.
· Further check the following candidate solution from R4-2400171:

Regarding the candidate solution, we have some remarks as below.
Proposal 4-1: For BW=10MHz, no A-MPR is defined for PC3, and it’s not necessary to define A-MPR for PC2.
For BW=15/20MHz, certain RB scheduling restriction is imposed when the carrier frequency falls into specific ranges.
6.5.3.3.25	Requirement for network signalling value "NS_46"
When "NS_46" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.3.25-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
Table 6.5.3.3.25-1: Additional requirements for “NS_46”
Protected band
Frequency range (MHz)
Maximum Level (dBm)
MBW (MHz)
NOTE
Frequency range
2570
-
2575
+1.6
5
1, 2
Frequency range
2575
-
2595
-15.5
5
1, 2
Frequency range
2595
-
2620
-40
1
1
NOTE 1:	This requirement is applicable for all carriers confined in 2500-2570 MHz. Sepcial restrictions apply for channel bandwidths up to 20MHz: For carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB with the minimum supported SCS of 15KHz.
NOTE 2:	For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.


Observation 4-1: No PC3 A-MPR is defined for BW=15/20MHz if the following conditions are NOT satisfied:
· for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz
· for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz.
Proposal 4-2: Align the carrier center frequency ranges with those defined in PC3 A-MPR. More explicitly, use the values shown below:
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz

	
	

	15 MHz
	2560.5 ≤ FC ≤ 2562.5

	
	

	20 MHz
	2552 ≤ FC ≤ 2560

	
	

	
	

	25 MHz
	2534.5 ≤ FC ≤ 2557.5

	
	




2.5 PC2 A-MPR for n26 NS_12/13/14/15
It was captured in the WF [1] that:
<Way forward>:
· Set a starting point for NS_12, NS_13, NS_14, NS_15 by merging the A-MPR regions and values in R4-2402214 and R4-2315374. New inputs can be still taken into consideration.

We’re conducting measurements for those A-MPR requirements. By the time of writing, the evaluation is not completed yet. Hence, we propose that:
Proposal 5-1: Allow more time for the evaluation of PC2 A-MPR for n26, and aim to finalise the requirements in RAN4#111.
3	Conclusion
In this paper, we have shared our views on the remaining issues for PC2 FDD A-MPR. 
Proposal 1-1: Support the 3dB relaxation limit in principle. And continue the HPUE A-MPR work in case-by-case manner, since option 3 may require extra work load.
Observation 2-1: The example Table 3-bis is concise and clear. It’s desired for the proponent to clarify how the values are obtained.
Proposal 2-1: Define 1Tx PC2 A-MPR for NS_07 as proposed in [5], i.e.,
Table 2.2-1: A-MPR for NS_07 (PC2 1Tx)
	Modulation/Waveform
	A1
	A2
	A3
	A4
	A5

	
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM PI/2 BPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM QPSK
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 16 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 64 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	DFT-s-OFDM 256 QAM
	12 + 3
	9 + 2.5
	6 + 2.5
	3 + 2.5
	3

	CP-OFDM QPSK
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 16 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 64 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3

	CP-OFDM 256 QAM
	14 + 3
	10 + 2.5
	7 + 2.5
	3 + 2.5
	3



Proposal 3-1: Consider to merge the A-MPR proposals from different companies, e.g. to define three A-MPR regions, namely A1, A2 and A3 as below:
Table 2.3-1: A-MPR regions for NS_17 (assuming full-band duplexer)
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	723 ≤ Fc ≤ 728
	≤ 0.18 
	≤ 1.44
	A1

	
	
	≥ 0
	>= 5.4, < 7.2
	A2

	
	
	≥ 0
	>= 7.2
	A3



Proposal 3-2: Define the A-MPR for A3 as follows, with A1 and A2 to be merged from other two proposals [2].
Table 2.3-2: A-MPR for NS_17 for PC2
	Modulation/Waveform
	A1
	A2
	A3

	 
	Outer/Inner
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ 3
	≤ 3.5
	≤ 5

	
	QPSK
	≤ [3.5/3]
	≤ [4.5/4]
	≤ 5

	
	16 QAM
	≤ [4/3.5]
	≤ [5/4]
	≤ 5

	
	64 QAM
	≤ 4
	≤ [5/4.5]
	≤ 5

	
	256 QAM
	 
	≤ [5/5.5]
	≤ 5.5

	CP-OFDM
 
 
 
	QPSK
	≤ [5/4.5]
	≤ [6/5.5]
	≤ [5.5]

	
	16 QAM
	≤ 5
	≤ [6/5.5]
	≤ [5.5]

	
	64 QAM
	≤ 5
	≤ [6/5.5]
	≤ [5.5]

	
	256 QAM
	
	
	



Proposal 3-3: For full-band duplexer implementation, define PC3 A-MPR for NS_17 for both NR and LTE.
Proposal 3-4: Define an additional set of A-MPR requirements targeted for full-band duplexer implementations, which can be indicated via modified MPR-Behavior.
Proposal 4-1: For BW=10MHz, no A-MPR is defined for PC3, and it’s not necessary to define A-MPR for PC2.
Observation 4-1: No PC3 A-MPR is defined for BW=15/20MHz if the following conditions are NOT satisfied:
· for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz
· for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz.
Proposal 4-2: Align the carrier center frequency ranges with those defined in PC3 A-MPR. More explicitly, use the values shown below:
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz

	
	

	15 MHz
	2560.5 ≤ FC ≤ 2562.5

	
	

	20 MHz
	2552 ≤ FC ≤ 2560

	
	

	
	

	25 MHz
	2534.5 ≤ FC ≤ 2557.5

	
	



Proposal 5-1: Allow more time for the evaluation of PC2 A-MPR for n26, and aim to finalise the requirements in RAN4#111.
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