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1	Introduction 
At the last RAN plenary meeting, uplink (UL) power class 2 (PC2) was requested for Band n71 intra-band contiguous CA “CA_n71B’ [1]. This contribution includes power amplifier (PA) measurements to verify if a new one-UL PC2 SCC REFSENS test point is needed. We also bring REFSENS test points for dual-UL CA_n71B for both types of Band n71 UEs: UEs that are restricted to 20MHz maximum UL channel bandwidth (CBW) and Rel-18 UEs that may support up to 30MHz UL CBW are as specified for BCS4/5 CA_n71B.
2 Discussion
2.1 Background Information
2.1.1 On 1UL operation
Table 1 shows that UL CA_n71B PC2 operation has been requested at the last RAN plenary meeting for downlink (DL) CA_n71B.  
[bookmark: _Ref158636667]Table 1: UL PC2 request for DL CA_n71B [1]
	NR CA
configuration
	Uplink NR CA
configuration
	contact
name, company
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	CA_n71B
	n71B
	Bill Shvodian, T-Mobile USA
	Deutsche Telekom, Ericsson, Nokia, Nokia Shainghai Bell
	new



Table 2 records that one UL PC3 for CA_n71B was introduced in Rel-17 with BCS4-5, with a maximum of:
· implicitly, 30MHz channel bandwidth (CBW) per component carrier (CC), and
· 35MHz aggregated bandwidth (BW)
[bookmark: _Ref158992203]Table 2: DL CA_n71B with BCS4/5 and 1UL PC3 – extracted from Table 5.5A.1-1.
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations or single uplink carrier5
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n71B
	-
	5
	20
	
	
	
	25
	0

	
	
	10
	15
	
	
	
	
	

	
	
	10
	20
	
	
	
	35
	1

	
	
	15
	15, 20
	
	
	
	
	

	
	
	5, 10, 15
	15, 20
	
	
	
	35
	2

	
	
	See n71 channel bandwidths in Table 5.3.5-1 for each carrier2
	
	
	
	35
	4 and 5

	NOTE 2:	The aggregated bandwidth must be greater than or equal to the minimum for the bandwidth class defined in Table 5.3A.5-1, and smaller than or equal to the maximum aggregated bandwidth.



We reproduce, in Figure 1, the PCC/SCC placement conventions extracted from sub-clause 7.3A.2.1 for one UL configuration. This convention means that the PC3 SCC REFSENS specified in Table 7.3.2-1a (single band) also applies for 1UL/2DL CA.

[image: ]
[bookmark: _Ref159157777]Figure 1: PCC/SCC placement convention for intra-band contiguous CA with one uplink – extracted from subclause 7.3A.2.1

We observe that:
· at the time BCS4/5 was introduced for CA_n71B, the Band n71 UL CBW was restricted to 20MHz, for which the lowest IMD order that may affect the SCC is IMD7. For both one UL PC3 and one UL PC2 operation, no MSD is expected for the SCC.
· Rel-18 introduces new types of UEs that may support symmetrical UL/DL CBW, in particular the BCS4/5 UL 30MHz CBW. For UL 30MHz and DL 5MHz + 30MHz, the 5MHz CBW SCC may be affected by an 1UL IMD5 product. It is not clear if 1UL PC3 and 1UL PC2 may impact the SCC REFSENS performance.

Observation 1: For CA_n71B, it is not clear if the 1UL PC2 operation may impact the DL SCC REFSENS performance for Rel-18 UEs that may support 30MHz UL CBW, introduced by BCS4/5.
2.1.2 Dual-UL CA_n71B operation
Power class 3 (PC3) is the default power class that applies to all NR FR1 band intra-band UL CA configurations. To our understanding, the introduction of UL CA PC2 requires first that PC3 requirements be completed. To our knowledge, studies have not yet been applied to RAN4 for PC3. Prior to commencing an MSD evaluation, it may be advisible to first agree on an MSD test point.

Observation 2: Dual-UL CA_n71B for PC3 has not yet been studied and completed at RAN4. Prior to evaluating the dual-UL REFSENS, it may be best that RAN4 agrees on MSD test points for the two types of Band n71 UEs: 1) UEs that support a maximum UL CBW of 20MHz, 2) UEs that support symmetrical UL/DL CBW.

In this contribution:
· We bring measurement data and MSD analysis to account for Observation 1.
· We propose two MSD test points to account for Observation 2.
2.2 MSD Test Point Selection
2.2.1 One UL Test Points
Based on Observation 1, we propose the one UL configurations of Table 3, where the PCC is affected by a one UL IMD5 product.
[bookmark: _Ref159013631]Table 3: CA_n71B REFSENS one UL test point candidates.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
	Candidate
	Evaluated power class
	Lowest IMD order affecting the SCC

	CA_n71B
	15/15
	30MHz + 5MHz
	20 (RBstart = 0)
	#2: BCS4/5 and Rel-19 UEs that support symmetrical UL/DL CBW.
	PC3, PC2
	5



2.2.1 Dual-UL CA_n71B Test Points
Based on Observation 2, we propose the dual-UL configurations in Proposal 1- Table 4. These configurations are aligned as much as possible with the conventions of Table 7.3A.2.1-1, i.e.:
· Evaluate using the PCC CBW which leads to the highest MSD.
· Evaluate using PCC/SCC UL RB allocations which are scaled proportional to the PCC/SCC CBW ratio.
· Evaluate with a total number of UL RB “RBtot” set to, as much as possible, equal to the band’s 1UL REFSENS test point. 
For UEs restricted to a maximum 20MHz UL CBW: we propose the PCC/SCC configuration of 10MHz + 20MHz, where the proposed UL RB allocation provides a 2UL direct IMD3/IMD5 hit to the PCC and SCC respectively, and:
· PCC/SCC 6/12 RB allocation scaled proportional to 10/20MHz CBW.
· RBtot = 18RBs, close to the Band n71 30MHz 1UL configuration of 20RBs.

For UEs supporting the symmetrical UL/DL CBW: we propose the PCC/SCC configuration of 5MHz + 30MHz, where the proposed UL RB allocation provides a 2UL direct IMD3/IMD5 hit to the PCC and SCC, respectively, and:
· PCC/SCC 3/18 RB allocation scaled proportional to 5/30MHz CBW.
· RBtot = 21RBs, close to the Band n71 35MHz 1UL configuration of 20RBs.

Proposal 1: Verify both the PC3 and the PC2 dual-UL PC2 PCC/SCC MSD using the test points shown in Table 4. 
A new “Note x” is proposed to specify that the second test point is applicable only to BCS 4/5 and only to UEs supporting symmetrical UL/DL CBW. Interested companies are invited to evaluate the corresponding REFSENS performance.
Table 4: CA_n71B REFSENS dual UL test point candidates.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	IMD order 
affecting
PCC

	IMD order 
affecting
SCC

	Duplex mode

	CA_n71B
	15/15
	10MHz + 20MHz
	6 (RBSTART = 16) 
	12 (RBSTART = 86) 
	3
	5
	FDD

	CA_n71B
	15/15
	5MHz + 30MHzX
	3 (RBSTART = 7) 
	18 (RBSTART = 100) 
	3
	5
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier center frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 3:	The transmitted power over both PCC and SCC shall be set to PUMAX, as defined in subclause 6.2A.4.
NOTE 4:	The PCC allocation is the same as the transmission bandwidth configuration NRB, as defined in Table 5.3.2-1.
NOTE 5:  Applicable only to BCS 1.
NOTE X:  Applicable only to BCS 4 and 5, and only to UEs supporting the symmetrical UL/DL bandwidths.



2.3 One UL Measurement Results 
2.3.1 Power Amplifier Calibration
· Local Oscillator (LO) leakage: -28 dBc, IQ Image rejection: -28 dB.
· PC3 operation and 4dB post PA insertion losses.
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR and:
· ACLR -30 dBc for PC3 and transmit diversity (TxD) operation.
· ACLR -31 dBc for PC2 operation.

Due to insufficient time, we did not evaluate Transmit Diversity (TxD) 23+23dBm performance at this meeting.

2.3.2 One UL PC3, PC2 Noise Levels 
The measured PC3 and 1x26dBm PC2 interference levels affecting the DL SCC are summarized in Table 4.
[bookmark: _Ref159098738]Table 4: PC3 and 1x26dBm PC2 measured noise levels.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
	PC3
[dBm/MBW]
	PC2 (1x26dBm)
[dBm/MBW]

	CA_n71B
	15/15
	20MHz + 5MHz 
	20 (RBstart = 0)
	n/a
	-54.9

	
	
	30MHz + 5MHz 
	20 (RBstart = 0)
	-49.5
	-46.6



Figure 2 shows the measured PC2 output spectrum for the 30MHz+5MHz (candidate #2) configuration.
[bookmark: _Ref159138993]
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Figure 2: PC2 PA output spectrum for CA_n71B 30MHz+5MHz 20RBstart=0

2.4 MSD and Way Forward on handling PC2 REFSENS requirements
2.4.1 WF on handling PC2 REFSENS requirements for intra-band non-contiguous CA
[bookmark: _Hlk159167683]Single band 1UL/1DL PC2 REFSENS requirements are specified as a sensitivity degradation relative (RSD) to the 1UL/1DL PC3 REFSENS level. Since REFSENS requirements are also specified with parameter “ΔRIBC” as a sensitivity degradation relative to the PC3 REFSENS level, it seems impractical to specify the 1UL PC2 REFSENS for CA_n71B relative to the PC2 RSD. Therefore, in proposal 1, we suggest that ΔRIBC for one UL PC2 be specified as a degradation relative to the band’s 1UL/1DL PC3 reference sensitivity level.
[bookmark: _Hlk159239506]This discussion is critical since, up until now, only the default PC3 applied to NR FR1 FDD intra-band CA. The introduction of PC2 is one evolution, but may not be the last. Thus, we believe it is important for RAN4 to establish a future proof framework to ensure smooth maintenance of the TS in case new FDD band power classes are introduced in the future. Note that a CR is brought at this meeting to clarify what the “default” power class means for all types of CA combinations [4].
Proposal 2: 
1.1) For PC2 operation, specify the intra-band contiguous CA REFSENS requirements using ΔRIBC. For PC2, ΔRIBC is defined as the allowed reference sensitivity relaxation due to support for intra-band non-contiguous CA operation relative to the PC3 REFSENS level, specified in Table 7.3.2-1a.
2.2) In clause 3.2 “Symbols”, adopt changes highlighted in yellow:
ΔRIBC 	Allowed reference sensitivity relaxation to the band’s default power class reference sensitivity due to support for intra-band contiguous CA operation.
2.3) In clause 7.3A.2.1, adopt the changes highlighted in yellow:
For aggregations of two or more downlink FDD carriers with two uplink carriers, the reference sensitivity is defined only for the specific uplink and downlink test points, which are specified in Table 7.3A.2.1-1, and the default power class reference sensitivity power level, increased by ΔRIBC. The requirements apply with all downlink carriers active. Unless provided by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured. 
2.4.2 One UL PC3, PC2 MSD
The one UL SCC MSD is evaluated using the following parameters:
· Tx-Rx duplexer isolation: 55 dB
· Tx-antenna duplex rejection in Rx range: 50 dB
· Primary antenna to diversity antenna isolation: 10 dB
· MRC combining and -1 dB Signal-to-Noise Ratio (SNR)
· Based on proposal 2, the PC2 ΔRIBC is calculated relative to PC3 SCC CBW REFSENS requirement as specified in Table 7.3.2-1a.   
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[bookmark: _Ref159141194]Figure 3: CA_n71B PC2 1x26dBm MSD analysis.
The 5MHz CBW SCC MSD for 1x26dBm UL PC2 is minimal: ~1.1dB. We invite interested companies to further evaluate both 1x26 and TxD 23+23dBm, based on proposal 2.
Proposal 3: For one-UL PC2 operation, consider adopting the test points shown in Table 6 for CA_n71B. Interested companies are invited to confirm if such a new test point is needed for PC2 1x26dBm, and for PC2 23+23dBm TxD operation.
Table 6: One uplink PC2 REFSENS test point for CA_n71B
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
	ΔRIBC (dB)
	PC2 architecture
	Duplex mode

	CA_n71BX
	15/15
	30MHz + 5MHz 
	20 (RBstart = 0)
	[1.1]
	1x26dBm
	FDD

	
	
	30MHz + 5MHz 
	20 (RBstart = 0)
	FFS
	23+23dBm
	

	NOTE X: Applicable only to BCS 4 and 5 and UE UEs supporting the optional symmetrical UL/DL bandwidths.


3 Conclusion
In this contribution, we invite interested companies to evaluate the dual-UL PC2 PCC/SCC MSD, using the test points captured in Proposal 1. In Proposal 2 we also make initial framework proposals on how to capture ΔRIBC for new FDD higher power classes, here namely for FDD PC2 intra-band contiguous CA. Finally, we invite interested companies to evaluate the one-UL PC2 SCC MSD, using the test points captured in Proposal 3.
Observation 1: For CA_n71B, it is not clear if 1UL PC2 operation may impact the DL SCC REFSENS performance for Rel-18 UEs that may support 30MHz UL CBW, introduced by BCS4/5.
Observation 2: Dual-UL CA_n71B for PC3 has not yet been studied and completed at RAN4. Prior to evaluating the dual-UL REFSENS, it may be best that RAN4 agrees on MSD test points for the two types of Band n71 UEs: 1) UEs that support a maximum UL CBW of 20MHz, 2) UEs that support symmetrical UL/DL CBW.
Proposal 1: Verify both the PC3 and the PC2 dual-UL PC2 PCC/SCC MSD, using the test points of Table 4. 
A new “Note x” is proposed to specify that the second test point is applicable only to BCS 4/5, and only to UEs supporting symmetrical UL/DL CBW. Interested companies are invited to evaluate the corresponding REFSENS performance.
Table 4: CA_n71B REFSENS dual UL test point candidates.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	IMD order 
affecting
PCC

	IMD order 
affecting
SCC

	Duplex mode

	CA_n71B
	15/15
	10MHz + 20MHz
	6 (RBSTART = 16) 
	12 (RBSTART = 86) 
	3
	5
	FDD

	CA_n71B
	15/15
	5MHz + 30MHzX
	3 (RBSTART = 7) 
	18 (RBSTART = 100) 
	3
	5
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier center frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 3:	The transmitted power over both PCC and SCC shall be set to PUMAX, as defined in subclause 6.2A.4.
NOTE 4:	The PCC allocation is the same as the transmission bandwidth configuration NRB, as defined in Table 5.3.2-1.
NOTE 5:  Applicable only to BCS 1.
NOTE X:  Applicable only to BCS 4 and 5, and only to UEs supporting the symmetrical UL/DL bandwidths.



Proposal 2: 
1.2) For PC2 operation, specify the intra-band contiguous CA REFSENS requirements, using ΔRIBC. For PC2, ΔRIBC is defined as the allowed reference sensitivity relaxation due to support for intra-band non-contiguous CA operation relative to the PC3 REFSENS level, specified in Table 7.3.2-1a.
2.2) In clause 3.2 “Symbols”, adopt changes highlighted in yellow:
ΔRIBC 	Allowed reference sensitivity relaxation to the band’s default power class reference sensitivity due to support for intra-band contiguous CA operation.
2.3) In clause 7.3A.2.1, adopt the changes highlighted in yellow:
For aggregation of two or more downlink FDD carriers with two uplink carriers, the reference sensitivity is defined only for the specific uplink and downlink test points, which are specified in Table 7.3A.2.1-1, and the default power class reference sensitivity power level, increased by ΔRIBC. The requirements apply with all downlink carriers active. Unless provided by Table 7.3.2-4, the reference sensitivity requirements shall be verified with the network signaling value NS_01 (Table 6.2.3.1-1) configured. 

Proposal 3: For one-UL PC2 operation, consider adopting the test points shown in Table 6 for CA_n71B. Interested companies are invited to confirm if such a new test point is needed for PC2 1x26dBm, and for PC2 23+23dBm TxD operation.
Table 6: One uplink PC2 REFSENS test point for CA_n71B
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
	ΔRIBC (dB)
	PC2 architecture
	Duplex mode

	CA_n71BX
	15/15
	30MHz + 5MHz 
	20 (RBstart = 0)
	[1.1]
	1x26dBm
	FDD

	
	
	30MHz + 5MHz 
	20 (RBstart = 0)
	FFS
	23+23dBm
	

	NOTE X: Applicable only to BCS 4 and 5 and UE UEs supporting the optional symmetrical UL/DL bandwidths.



We intend to present at RAN4 #110-bis MSD analysis for one UL TxD 23+23dBm, and for dual-UL PC2 1x26 and 23+23dBm.
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For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.2-3
and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than any of the
downlink SCC center frequency.
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