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Introduction
Agreement was reached to introduced power class 2 for FDD Band n1 and n3.  The specification for Band n1 includes A-MPR for NS_05 [1].  However, many of the values remain tentative in square brackets, the values themselves are large, and for Tx diversity UE it is not fully clear what A-MPR is allowed.  A way forward was agreed to finalize the A-MPR specifications [2].
Discussion
A-MPR for NS_05 is allowed to enable the UE to meet additional spurious emission requirements.  The pertinent entries in Table 6.2.3.1-1 of TS 38.101-1 are copied below.
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_05
	6.5.3.3.4
	n1, n65, n84
	5, 10, 15, 20 (NOTE 2)
	
	Clause 6.2.3.4 (NOTE 7)

	NS_05U
	6.5.3.3.4, 6.5.2.4.2
	n1, n65, n84
	5, 10, 15, 20
	
	Clause 6.2.3.4 (NOTE 7)

	NOTE 2:	No A-MPR is applied for 5 MHz BWChannel where the lower channel edge is ≥ 1930 MHz,10 MHz BWChannel where the lower channel edge is ≥ 1950 MHz and 15 MHz BWChannel where the lower channel edge is ≥ 1955 MHz.

NOTE 7: 	The 1Tx architecture is assumed. For power class 2 UE indicating txDiversity-r16 [TS 38.306], the additional relaxation of [2] dB is applicable.




The A-MPR itself for the power class 2 UE is found in Tables 6.2.3.4-11, 6.2.3.4-12, and 6.2.3.4-13.
	Channel Bandwidth (MHz)
	Carrier Centre Frequency, Fc (MHz)
	Region A

	Region B
	Region C

	
	
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR
	RBstart
	LCRB
	A-MPR

	5
	1922.5 ≤ FC < 1927.5
	< 1.98 MHz/12/SCS
	> 1.44 MHz/12/SCS
	A3
	< 0.72 MHz/12/SCS
	≤ 1.44 MHz/12/SCS
	A4
	
	
	

	10
	1925 ≤ FC < 1935
	< 1.98 MHz/12/SCS
	> 0
	A1
	≥ 1.98 MHz/12/SCS
	> max(0, RBstart-1.08 MHz/12/SCS)
	A7
	≥ 7.2 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A1

	
	
	
	
	
	≥ 1.98, ≤2.7
MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A8
	
	
	

	10
	1935 ≤ FC < 1945
	
	> 3.96 MHz/12/SCS
	A4
	
	
	
	
	
	

	15
	1927.5 ≤ FC < 1932.5
	< 3.6 MHz/12/SCS
	> 0
	A1
	≥ 3.6 MHz/12/SCS
	> max(0, RBstart-1.8 MHz/12/SCS)
	A7
	≥ 10.08  MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A1

	
	
	
	
	
	≥ 3.6, ≤4.68
MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A8
	
	
	

	15
	1932.5 ≤ FC < 1942.5
	< 1.98 MHz/12/SCS
	> 0
	A1
	≥ 1.98 MHz/12/SCS
	> max(0, RBstart+1.08 MHz/12/SCS)
	A7
	≥ 12.24 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A1

	15
	1942.5 ≤ FC < 1947.5
	
	> 5.04 MHz/12/SCS
	A5
	
	
	
	
	
	

	20
	1930 ≤ FC < 1950
	< 5.04 MHz/12/SCS
	> 0
	A1
	≥ 5.04 MHz/12/SCS
	> max(0, RBstart-3.6 MHz/12/SCS)
	A7
	≥ 13.68 MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A1

	
	
	
	
	
	≥ 5.04, ≤6.66
MHz/12/SCS
	≤ 1.08 MHz/12/SCS
	A8
	
	
	

	20
	1950 ≤ FC < 1960
	
	> 9.0 MHz/12/SCS
	A6
	
	
	
	
	
	

	NOTE 1:	The A-MPR values are specified in Table 6.2.3.4-12 and 6.2.3.4-13.
NOTE 2:	Void



Table 6.2.3.4-12: A-MPR for NS_05 and NS_05U (Power Class 2)
	Modulation/Waveform
	A1 (dB)
	A2 (dB)
	A3 (dB)

	
	Outer/Inner
	Outer/Inner
	Outer
	Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≤ [13]
	≤ 6
	≤ 6.5
	≤ 2

	
	QPSK
	≤ [13]
	≤ 6
	≤ 7
	≤ 2

	
	16 QAM
	≤ [13]
	≤ 6
	≤ 8.5
	≤ 2

	
	64 QAM
	≤ [14]
	≤ 6
	≤ 9
	≤ 2

	
	256 QAM
	≤ [15]
	≤ 6
	≤ 9.5
	

	CP-OFDM
	QPSK
	≤ [13]
	≤ 6
	≤ 10
	≤ 4

	
	16 QAM
	≤ [13]
	≤ 6
	≤ 10
	≤ 4

	
	64 QAM
	≤ [14]
	≤ 6
	≤ 10
	≤ 4

	
	256 QAM
	≤ [16]
	
	≤ 10
	

	NOTE 1:	Void
NOTE 2:	Void



Table 6.2.3.4-13: A-MPR for NS_05 and NS_05U (Power Class 2)
	Modulation/Waveform
	A4 (dB)
	A5 (dB)
	A6 (dB)
	A7 (dB)
	A8 (dB)

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

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3
	N/A
	≤ 2
	
	≤ 2
	N/A
	≤ 8
	≤ 3.5

	
	QPSK
	≤ 3
	
	≤ 2
	
	≤ 2
	
	≤ 8
	≤ 3.5

	
	16 QAM
	≤ 3.5
	
	≤ 2.5
	
	≤ 2
	
	≤ 8
	≤ 3.5

	
	64 QAM
	≤ 3.5
	
	≤ 2.5
	
	
	
	≤ 8
	≤ 3.5

	
	256 QAM
	
	
	
	
	
	
	≤ 8
	

	CP-OFDM
	QPSK
	≤ 4.5
	
	≤ 4.5
	
	≤ 4
	
	≤ 8.5
	≤ 3.5

	
	16 QAM
	≤ 4.5
	
	≤ 4.5
	
	≤ 4
	
	≤ 8.5
	≤ 3.5

	
	64 QAM
	≤ 5
	
	≤ 5
	≤ 5
	≤ 4
	
	≤ 8.5
	

	
	256 QAM
	
	
	
	
	
	
	≤ 8.5
	

	NOTE 1:	Void
NOTE 2:	Void



The A-MPR regions are specified in Table 6.2.3.4-11, while the A-MPR values are specified in Tables 6.2.3.4-12 and 6.2.3.4-13.
The first observation is that a number of the values are still in square brackets and should be finalized.  The second observation is that some of the values are very large.  For example, the largest A-MPR is 16 dB and there are a significant number of entries with more than 10 dB of power backoff.  When the justification was performed for PC2 FDD, system simulations were run to show the benefit of the higher power class.  The conclusion was recorded in TR 38.861 where it is reported that performance gains for both cell average and cell edge cases were observed in dynamic simulations and observed in Monte Carlo simulations for the 5th percentile and average cell throughputs.  However, these simulations did not take into account to potential large loss in output power due to A-MPR.  It is expected that the performance gains might not be available when A-MPR is considered.  Further, comparing the A-MPR specified for PC2 compared to PC3, it can be seen that the increase in A-MPR is often 3 dB.  That is, since the A-MPR for PC2 is 3 dB larger than the A-MPR for PC3, there is no maximum output power benefit for PC2 if the UE fully utilizes the allowed A-MPR.
Observation:  The A-MPR values for PC2 NS_05 are very large and may diminish any performance gains of PC2 compared to PC3.
If it is not possible to reduce the A-MPR values due to UE component and design constraints, it would be incumbent upon the network scheduler to carefully allocate RB assignments to UE’s depending on radio conditions and A-MPR to optimize the performance.  
PC2 can be implemented in the UE either directly with a single 26 dBm Tx path, or by combining two 23 dBm Tx paths with Tx diversity.  For PC2 UE’s indicating txDiversity-r16, NOTE 7 of Table 6.2.3.1-1 specifies the A-MPR for NS_05 with “the additional relaxation of [2] dB is applicable”.  However, the note is unclear about whet the additional 2 dB is relative to.  Possible interpretations are
1. The total power reduction is MPR + [2] dB
2. The total power reduction is the PC3 A-MPR value + [2] dB
3. The total power reduction is the PC2 A-MPR value specified for single Tx + [2] dB
The wording needs to be clarified to be unambiguous.  If the intended meaning is interpretation 3, then further consideration is needed.  It was already observed that the PC2 A-MPR values are very large and are sometimes exactly 3 dB larger than the PC3 A-MPR values.  In this case, there would be no MOP gain for PC2 compared to PC3.  However, if now an additional 2 dB is allowed, then the A-MPR for the Tx diversity PC2 UE could have 2 dB lower MOP than the PC3 UE!  The handset design would populate two PC3 PA’s to support this feature, yet may actually have 2 dB lower power as a consequence for a subset of waveforms.  This should be avoided.
Proposal:  The NS_05 A-MPR for the PC2 Tx diversity UE shall be clarified to avoid any ambiguity.
Proposal:  The total backoff for PC2 should not be allowed to be more than 3 dB greater than allowed for PC3.
Conclusion
The A-MPR for a power class 2 UE when NS_05 is signaled by the network in Band n1 is reviewed in this contribution.  The following observation and proposals are presented.
Observation:  The A-MPR values for PC2 NS_05 are very large and may diminish any performance gains of PC2 compared to PC3.  Intelligent network scheduling is needed to optimize performance if UE A-MPR cannot be reduced.
Proposal:  The NS_05 A-MPR for the PC2 Tx diversity UE shall be clarified to avoid any ambiguity.
Proposal:  The total backoff for PC2 should not be allowed to be more than 3 dB greater than allowed for PC3.
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