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1.  Introduction
In RAN4#106 meeting, a WF for introducing Carrier aggregation to Power class 5 (PC5) in NR-unlicensed spectrum for was approved [1]. In RAN4#106-bis-e, a WF with the requirements for Carrier aggregation in NR-unlicensed spectrum for was approved [2]. 
“In Release 17 the CA_n96B/C UL CA and configurations are specified. Even so, it was clarified in RAN that although NR-U ULCA requirements were completed, NR-U ULCA could not be deployed since the A-MPR for n96B/C UL was not specified, especially for the U.S. NS_53 and NS_54.” [1]
Then in RAN4#108, two papers were submitted with simulation results [4] and [5]. 
In RAN4#108-bis, another paper was submitted with simulation results [6].
2.  Discussion
Requirements
In its essence, same requirements shall be mapped for CA as for Single Carrier.
For in-band PSD, the maximum allowed PSD is defined as -1dBm/MHz for NS_53 and 17dBm/MHz for NS_54. 
These additional requirements for the transmit power density are found in Table 6.2F.1-2 in TS 38.101-1 [3] for single carrier and the part for NS_53 and NS_54 of Table 6.2F.1-2 is shared below in Table 1. 
Both network signalling flags have same out-of-band requirements as shown in Table 3. The maximum emission limits are defined with -27dBm/MHz at lower and upper side of the band. This clause is also found in TS 38.101-1 [3]. For NS_54, the additional out-of-band requirement is only affecting on the lower edge of the band, because NS_54 is only partially allowed in band, up to frequency range of 6875MHz, as seen in Table 1. Also, for both, the first 20MHz in the band on the lower edge is not used in Uplink. For NS_53, the upper edge is allowed to be up to the edge of the band and then the additional out-of-band requirements start where the band ends. 
Table 1: In-band PSD requirements for NS_53 and NS_54.
	NR Band
	NS value
	Channel bandwidth (MHz)
	Frequency range (MHz)
	Maximum mean power density (dBm/MHz)

	n96
	NS_53
	20, 40, 60, 80
	5925 – 7125
	-1

	
	NS_54
	20, 40, 60, 80
	5925 – 6425
	17

	
	
	
	6525 – 6875
	



Table 2: CA_n96 in-band PSD requirements
	NR CA Band
	NS value
	Aggregated channel bandwidth (MHz)
	Frequency range (MHz)
	Maximum mean power density (dBm/MHz)

	CA_n96
	CA_NS_53
	40, 60, 80, 100, 120, 140, 160
	5925 – 7125
	-1

	
	CA_NS_54
	40, 60, 80, 100, 120, 140, 160
	5925 – 6425
	17

	
	
	
	6525 – 6875
	




Table 3: Out-of-band requirements for NS_53 and NS_54.
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5925
	-27
	1 MHz

	f ≥ 7125
	-27
	




In this paper, I have calibrated the conversion from time domain to spectrum domain, which has lowered the spectrum plot by approximated 0.25dB when looking at in-band PSD.  
Results
Here are my A-MPR results based on the latest simulations.

Figure 1: Backoff results CA_NS_53 with QPSK for PC5.


Figure 2: Backoff results CA_NS_54 with QPSK for PC5.

Before presenting our updated numbers, we would like to give an explanation to the numbers in the Table 3 and Table 4:
If the number is in-band PSD limited, then the number in the table has a backoff number in the table that is 0-0.49dB higher.
If the number is out-of-band limited, then the number in the table has a backoff number in the table that is 0.6-1.09dB higher.

	Pre-coding
	Modulation
	Bandwidth of contiguously transmitted sub-bands / RB Allocation / A-MPR (dB)

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100MHz
	120MHz
	140MHz
	160MHz

	
	
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 
	Full 
	Partial 

	DFT-s-OFDM
	PI/2 BPSK2
	≤ 9.0
	≤ 11.5
	≤ 5.5
	≤ 8.5
	≤ 4.0
	≤ 6.5
	≤ 3.5
	≤ 5.5
	≤ 3.5
	≤ 5.0
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 4.0

	
	QPSK
	≤ 9.0
	≤ 11.5
	≤ 5.5
	≤ 8.5
	≤ 4.0
	≤ 6.5
	≤ 3.5
	≤ 5.5
	≤ 3.5
	≤ 5.0
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 9.0
	≤ 11.5
	≤ 5.5
	≤ 8.5
	≤ 4.0
	≤ 6.5
	≤ 3.5
	≤ 5.5
	≤ 3.5
	≤ 5.0
	≤ 3.5
	≤ 4.5
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 4.0

	
	64 QAM
	≤ 9.0
	≤ 11.5
	≤ 5.5
	≤ 8.5
	≤ 4.5
	≤ 6.5
	≤ 4.5
	≤ 5.5
	≤ 4.5
	≤ 5.0
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5

	
	256 QAM
	≤ 9.0
	≤ 11.5
	≤ 6.0
	≤ 8.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 9.0
	≤ 11.0
	≤ 5.5
	≤ 8.5
	≤ 5.0
	≤ 6.5
	≤ 5.0
	≤ 5.5
	≤ 5.0
	≤ 5.0
	≤ 4.5
	≤ 5.0
	≤ 4.5
	≤ 5.0
	≤ 4.5
	≤ 5.0

	
	16 QAM
	≤ 9.0
	≤ 11.0
	≤ 5.5
	≤ 8.5
	≤ 5.0
	≤ 6.5
	≤ 5.0
	≤ 5.5
	≤ 5.0
	≤ 5.0
	≤ 5.0
	≤ 5.0
	≤ 5.0
	≤ 5.0
	≤ 4.5
	≤ 5.0

	
	64 QAM
	≤ 9.0
	≤ 11.0
	≤ 6.0
	≤ 8.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	256 QAM
	≤ 9.0
	≤ 11.0
	≤ 7.0
	≤ 8.5
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted. Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted. When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
NOTE 2:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.


Table 4: A-MPR for NS_53 power class 5


Proposal 1: Consider Table 4 when specifying ULCA A-MPR for NS_53 as in Issue 2-3 in WF [8].


Table 5: A-MPR for NS_54 power class 5
	[bookmark: _Hlk148617660]Pre-coding
	Modulation
	Bandwidth of contiguously transmitted sub-bands / RB Allocation / A-MPR (dB)

	
	
	RB Allocation
(Note 4)
	40MHz – 80MHz
(Note 5)
	100MHz – 120MHz
(Note 5)
	140MHz – 160MHz
(Note 5)

	
	
	Full2
	Partial3
	Full2
	Partial3
	Full2
	Partial3
	Full2
	Partial3

	DFT-s-OFDM
	PI/2 BPSK7
	≤ 3.0
	≤ 3.5
	≤ 4.5
	≤ 3.0
	≤ 4.0
	≤ 3.0
	≤ 3.5

	
	QPSK
	≤ 3.0
	≤ 3.5
	≤ 4.5
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 3.5

	
	16 QAM
	≤ 3.5
	≤ 4.0
	≤ 4.5
	≤ 3.5
	≤ 4.0
	≤ 3.5
	≤ 3.5

	
	64 QAM
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5

	
	256 QAM
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 4.0
	≤ 4.5
	≤ 5.0
	≤ 4.0
	≤ 4.5
	≤ 4.0
	≤ 4.0

	
	16 QAM
	≤ 4.5
	≤ 4.5
	≤ 5.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.0

	
	64 QAM
	≤ 6.0
	≤ 5.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	256 QAM
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0
	≤ 7.0

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted. Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated.
NOTE 2:	The A-MPR for Full allocation applies to all RBs in all contiguously transmitted sub-bands for operation that are fully allocated.
NOTE 3:	The A-MPR for Partial RB allocation applies to all contiguously transmitted sub-bands with interlaced allocations with uplink resource allocation type 2 as specified in TS38.214 [10]. 
NOTE 4:	Applicable for all valid channels and bandwidth of contiguously transmitted sub-bands other than those enumerated in NOTE 5.
NOTE 5:	Applicable to aggregated channel’s lower edge at 5945MHz.
NOTE 6:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.



Proposal 2: Consider Table 5 when specifying ULCA A-MPR for NS_54.
Alternative proposal to Issue 2-5:
The NOTE 5 in Table 4, is a proposal to generically writing what was said in NOTE 5 and NOTE 6 in Issue 2-4: A-MPR table for NS_54 proposal 2 from the WF [8].
Proposal 3: Consider NOTE 5 in Table 5, NOTE 5: Applicable to aggregated channel’s lower edge at 5945MHz.

3. Conclusion
In this paper, we at Charter are proposing the followings:
Proposal 1: Consider Table 4 when specifying ULCA A-MPR for NS_53.
Proposal 2: Consider Table 5 when specifying ULCA A-MPR for NS_54.
Proposal 3: Consider NOTE 5 in Table 5; NOTE 5: Applicable to aggregated channel’s lower edge at 5945MHz.
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PC5 A-MPR backoff for NS_53 with QPSK modulation 

DFT_Full	40	60	80	100	120	140	160	5.13	3.6500000000000004	2.83	2.46	2.93	3.33	2.7	CP_Full	40	60	80	100	120	140	160	5.1800000000000006	4.0199999999999996	4.28	4.22	3.44	3.53	3.2	DFT_Interlace	40	60	80	100	120	140	160	8	6.3	5.0999999999999996	4.25	2.95	3.54	3.1	CP_Interlace	40	60	80	100	120	140	160	8.129999999999999	6.26	5	4.5	3.47	3.96	3.29	Bandwidth of contiguously transmitted sub-bands  (MHz)


NS_53 A-MPR backoff (cB)




PC5 A-MPR backoff for NS_54 with QPSK modulation 

DFT_Full	40	60	80	100	120	140	160	3	2.98	3.1	2.76	2.93	2.9	2.7	CP_Full	40	60	80	100	120	140	160	3.9699999999999998	4.0199999999999996	3.7	3.52	3.44	3.3	3.2	DFT_Interlace	40	60	80	100	120	140	160	3.9	4	3.4	2.84	2.95	2.6	3.1	CP_Interlace	40	60	80	100	120	140	160	3.85	3.88	3.6	3.3	3.47	3.37	3.29	Bandwidth of contiguously transmitted sub-bands  (MHz)


NS_54 A-MPR backoff (cB)
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