3GPP TSG-RAN WG4 Meeting # 110									             R4-2400365
Athens, Greece, 16th February – 1st March 2024
Title: 	PC2 CA_n71(2A) MSD
Agenda Item:	7.20
Source: 	Skyworks Solutions, Inc. 
Document for:	Approval
1	Introduction 
This document presents power class 2 (PC2) CA_n71(2A) measurements and proposes associated one uplink (UL) REFSENS requirements. We also discuss PC3 test point simplification and the need for an additional test point to account for Rel-18 UEs that may support the BCS4/5 UL 25MHz channel bandwidth (CBW).
2 Discussion
2.1 Background Information
Table 1 shows that one-UL PC2 operation has been requested at the last RAN plenary meeting for downlink (DL) CA_n71(2A).  
[bookmark: _Ref158636667]Table 1: One UL PC2 request for DL CA_n71(2A) [1]
	NR CA
configuration
	Uplink NR CA
configuration
	contact
name, company
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	CA_n71(2A)
	n71A
	Bill Shvodian, T-Mobile USA
	Deutsche Telekom, Ericsson, Nokia, Nokia Shainghai Bell
	new



Table 2 reminds us that CA_n71(2A) was introduced in Rel-17 with 1UL PC3 and BCS4-5 with a maximum of:
· 25MHz channel bandwidth (CBW) per component carrier (CC); and
· 30MHz aggregated bandwidth (BW).
[bookmark: _Ref158992203]Table 2: DL CA_n71(2A) with BCS4/5 and one UL PC3 – extracted from Table 5.5A.1-1.
	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)
	Maximum
Aggregated bandwidth
(MHz)
	Bandwidth combination set

	CA_n71(2A)
	-
	5, 10, 15, 20
	5,10,15, 20
	
	
	30
	0

	
	
	See n71 channel bandwidths in Table 5.3.5-1 for each carrier up to 25 MHz per carrier
	
	
	30
	4 and 5



In Table 3 we reproduce and label the 6 agreed test points [2,3] (Table 7.3A.2.2-1). We believe the intentions of the proponents were to verify individually the impact of IMD3, C-IM3 and C-IM5 onto the secondary CC (SCC). The worst-case being the test point #5 which corresponds to a near-full IMD3 overlap. 

[bookmark: _Ref158998909]Table 3: CA_n71(2A) REFSENS one UL test points – extracted from Table 7.3A.2.2-1.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Test point #
	Duplex mode

	CA_n71(2A)
	15/15
	5MHz + 5MHz
	Wgap = 25.0
	5
	4.0
	#1
	FDD

	
	
	
	Wgap = 5.0
	20
	0.0
	#2
	

	
	
	10MHz + 5MHz
	Wgap = 20.0
	5 (RBstart = 9)
	4.6
	#3
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 9)
	2.3
	#4
	

	
	
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	22.2
	#5
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 19)
	5.2
	#6
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.



It is worth noting that for CA_n71(2A):
· For some reasons, the REFSENS test points did not benefit from the Rel-17 initiatives to reduce the test burden / number of test points. All other intra-band non-contiguous CA band combinations have a maximum of 2 test points.
· The UL RB allocations for test points #1, #3, and #5 in Table 3 are selected to maximize the IMD product’s PSD affecting the DL SCC, but they do not correspond to the band’s PCC CBW 1UL/1DL REFSENS UL configuration as specified in Table 7.3.2-3. For example, for test point #3 the PCC CBW is 10MHz, the UL RB allocation is Lcrb=5RB, but in Table 7.3.2-3 the REFSENS UL Configuration for 10MHz CBW is Lcrb=25.
· When BCS4-5 was introduced near the end of Rel-17, there was no need to re-evaluate these test points because the Band n71 operation with 25MHz CBW is supported with the UL restricted to 20MHz CBW. Hence, the new 25MHz BW of BCS 4/5 is only applicable to the DL SCC, it has no impact on REFSENS. However, in Rel-18 new UE types are introduced that may optionally support symmetrical UL/DL CBW, hence the impact on REFSENS should be re-evaluated for such UEs.

Observation 1: For CA_n71(2A) 1UL PC3 MSD test points:
1.1 There are currently 6 test points, each dedicated to verifying IM3, C-IM3 and C-IM5 while all other band combinations have a maximum of 2 test points. It may be beneficial to reduce the test burden and retain a maximum of 2 test points as was done for other band combinations, preferably only one test point, that which verifies the highest MSD.
1.2 The UL RB allocation does not match the corresponding PCC CBW REFSENS UL RB configuration as specified in Table 7.3.2-3.
1.3 The current worst-case MSD test point is specified for 10MHz SCC CBW. This may need to be revisited since the worst-case may be met for 5MHz SCC CBW.
1.4 The current test points account for Rel-17 UEs that are restricted to a maximum 20MHz UL CBW. It may be necessary to study if an additional test point is needed to account for Rel-18 UEs that support the BCS4/5 25MHz symmetrical UL/DL CBW.
In this contribution, we bring measurement data to explore each of these observations and propose some “way forward” options.
2.2 MSD Test Point Selection
Based on Observation 1, we propose in Table 4 three test point candidates.
To account for:
· Observation 1.1: We believe there is no need in Release 18 to maintain all 6 test points. Based on the Rel-17 simplifications, it is sufficient to keep only one test point that verifies the worst-case MSD. We propose to re-evaluate the current 15MHz+10MHz the “legacy” candidate #1 - Table 4 below – with UL Lcrb = 5RBstart=2
· Observations 1.2 and 1.3: We propose candidate #2 UL 20MHz Lcrb=20(RBstart=0) as an alternative to the legacy test point. This test point creates a direct IMD3 hit to 5MHz CBW SCC and applies to all types of UEs and all BCS.
· Observation 1.4: Candidate #4 is a test point applicable only to BCS4/5 and only to Rel-18 UEs that support the 25MHz symmetrical UL/DL symmetrical CBW. In this configuration, the SCC is affected by a direct-hit and full overlap of the 1UL IMD3 product.
[bookmark: _Ref159013631]Table 4: CA_n71(2A) REFSENS one UL test point candidates.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Candidate
	BCS
	IMD order

	CA_n71(2A)
	15/15
	15MHz + 10MHz
	10.0
	5 (RBstart = 2)
TC 1.106
	22.2
	#1: 
Legacy worst-case MSD 
(Obs 1.1)
	All
	near full overlap
IMD3

	
	
	20MHz + 5MHz
	10.0
	20 (RBstart = 0)
TC 1.104
	FFS
	#2: Alternative to legacy (Obs.1.3)
	
	IMD3
full overlap

	
	
	25MHz + 5MHz
	5.0
	20 (RBstart = 8)
TC 1.102
	FFS
	#3: Rel-18 UEs that support symmetrical UL/DL CBW (Obs. 1.4)
	4/5 only
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band (Obs. 1.2)



Proposal 1: For CA_n72(2A) PC3 and PC2 REFSENS, and for UEs with UL restricted to 20MHz, reduce the number of test points from 6 to 1. Specify only the test point which maximizes the SCC MSD.

2.3 Measurement Results 
2.3.1 Power Amplifier Calibration
· Local Oscillator (LO) leakage: -28 dBc, IQ Image rejection: -28 dB.
· Power Class 3 (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 lack of time, we propose to come back at next meeting to evaluate the Transmit Diversity (TxD) 23+23dBm MSD levels.

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 5.
[bookmark: _Ref159098738]Table 5: One-UL PC3 and 1x26dBm PC2 measured noise levels.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap [MHz]
	UL PCC allocation
	PC3
[dBm/MBW]
	PC2 (1x26dBm)
[dBm/MBW]

	CA_n71(2A)
	15/15
	15MHz + 10MHz
	10.0
	5 (RBstart = 2)
	-16.1
	-14.4

	
	
	20MHz + 5MHz
	10.0
	20 (RBstart = 0)
	-14.2
	-12.2

	
	
	25MHz + 5MHz
	5.0
	20 (RBstart = 8)
	-14.1
	-12.1



Figure 1 shows the measured PC3 output spectrum for the 15MHz+10MHz (candidate #1) and 20MHz+5MHz (candidate #2). [image: A graph of a graph of a graph

Description automatically generated with medium confidence]
[bookmark: _Ref159138993]Figure 1: PC3 PA output spectrum for CA_n71(2A) 15MHz+10MHz 5RBstart=2 (left) and 20MHz+5MHz 20RBstart=0 (right).

The candidate #2 configuration ensures the IMD3 overlaps entirely with the DL 5MHz CBW SCC, hereby maximizing the interference level.

2.4 MSD and WF on handling PC2 REFSENS Requirements
2.4.1 WF on handling PC2 REFSENS requirements for intra-band non-contiguous CA
On one hand, single band 1UL/1DL PC2 REFSENS requirements are specified as a relative sensitivity degradation (RSD) relative to the 1UL/1DL PC3 REFSENS level. On the other hand, intra-band non-contiguous CA REFSENS requirements are specified with parameter “ΔRIBNC” as a sensitivity degradation relative to the REFSENS level. Up until now, only PC3 was supported for FDD band intra-band CA, so our understanding is that “ΔRIBNC” is relative to the default power class REFSENS level, i.e. it is relative to the PC3 REFSENS level FDD NR FR1 bands, other than NR-U bands. 
For PC2, it seems impractical to specify the 1UL PC2 REFSENS “ΔRIBNC” for CA_n71(2A) relative to the PC2 RSD. Therefore, we suggest in proposal 2 that ΔRIBNC for one-UL PC2 is specified as a degradation relative the band’s 1UL/1DL default power class reference sensitivity level. If this proposal is agreeable, this clarification should be captured in the core requirement text and in the symbols clause 3.2. We also propose a table numbering to capture these new REFSENS requirements.
[bookmark: _Hlk159239326]This discussion is needed since, up until now, only the default Power Class 3 applied to NR FR1 FDD intra-band CA. The introduction of PC2 is one evolution but may not be the last. We believe it is important that RAN4 establishes 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: 
2.1)	For PC2 operation, specify the intra-band non-contiguous CA REFSENS requirements using ΔRIBNC. For PC2, ΔRIBNC is defined as the allowed reference sensitivity relaxation due to support for intra-band non-contiguous CA operation relative to the band’s default power class reference sensitivity level as specified in Table 7.3.2-1a.
2.2) In clause 3.2 “Symbols”, adopt changes highlighted in yellow 
ΔRIBNC 	Allowed reference sensitivity relaxation to the band’s default power class reference sensitivity due to support for intra-band non-contiguous CA operation.
2.3) In clause 7.3A.2.2, adopt the changes highlighted in yellow:
For intra-band non-contiguous carrier aggregation with one uplink carrier and two or more downlink sub-blocks, the throughput of each downlink component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) and parameters specified in Table 7.3.2-1a, Table 7.3.2-1b, Table 7.3.2-2, and Table 7.3A.2.2-1 with the default power class reference sensitivity power level increased by ΔRIBNC given in Table 7.3A.2.2-1 for the SCC(s). 
2.4) In clause 7.3A.2.2, adopt the new table numbering scheme highlighted in green below to introduce the PC2 new REFSENS tables FDD band intra-band non-contiguous CA:
· Rename Table 7.3A.2.2-1 to Table 7.3A.2.2-1a for 1UL PC3 test points and update the core requirements accordingly;
· Introduce Table 7.3A.2.2-1b for 1UL 1x26dBm PC2 test points;
· Introduce Table 7.3A.2.2-1c for 1UL TxD 23+23dBm PC2 test points.

2.4.2 One-UL PC3, PC2 MSD
The Band n71 SCC MSD is evaluated using the following parameters. MSD results are summarized in Figure 2 for PC3 and Figure 3 for 1x26dBm PC2.
· 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 ΔRIBNC is calculated relative the PC3 SCC CBW REFSENS requirement as specified in Table 7.3.2-1a.   

[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref158637197]Figure 2: CA_n71(2A) PC3 MSD analysis.
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref159141194]Figure 3: CA_n71(2A) PC2 1x26dBm MSD analysis.
Measurement results indicate that the configuration of candidate #2 produces an MSD nearly 5dB higher than configuration #1. We therefore to adopt:
· Candidate #2 to account for proposal 1; 
· candidate #3 as a new test point to account for Rel-18 UEs that support the 25MHz CBW UL configuration of BCS4/5. 
The PC3 and PC2 REFSENS test points are presented:
· For one UL PC3, in proposal 3.
· For one UL 1x26dBm PC2, in proposal 4.
· For one UL 23+23dBm, we propose to come back at RAN4 #110-bis.
Proposal 3: For PC3, consider reducing from 6 to 2 test points by adopting the test points highlighted in green in Table 6 for CA_n71(2A) for Table 7.3A.2.2-1a.
[bookmark: _Ref143750102]Table 6: One uplink PC3 REFSENS for CA_n71(2A) - Table 7.3A.2.2-1a.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	5MHz + 5MHz
	Wgap = 25.0
	5
	4.0
	FDD

	
	
	
	Wgap = 5.0
	20
	0.0
	

	
	
	10MHz + 5MHz
	Wgap = 20.0
	5 (RBstart = 9)
	4.6
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 9)
	2.3
	

	
	
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	22.2
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 19)
	5.2
	

	
	
	20MHz + 5MHz
	Wgap = 10.0
	20 (RBstart = 0)
	23.6
	

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	23.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to BCS 4 and 5 and to UEs supporting the symmetrical UL/DL bandwidths.



Proposal 4: For 1x26dBm PC2, consider adopting the test points highlighted in green in Table 6 for CA_n71(2A) Table 7.3A.2.2-1b
Table 7: One uplink 1x26dBm PC2 REFSENS for CA_n71(2A) - Table 7.3A.2.2-1b.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	20MHz + 5MHz
	Wgap = 10.0
	20 (RBstart = 0)
	25.6
	FDD

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	25.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to BCS 4 and 5 and UE UEs supporting the symmetrical UL/DL bandwidths.



3 Conclusion
In this contribution, based on Observation 1 and Proposal 1, we propose the following CA_n71(2A) REFSENS test point based on our measurement results.
Observation 1: For CA_n71(2A) 1UL PC3 MSD test points:
1.1 There are currently 6 test points, each dedicated to verifying IM3, C-IM3 and C-IM5 while all other band combinations have a maximum of 2 test points. It may be beneficial to reduce the test burden and retain a maximum of 2 test points as was done for other band combinations, preferably only one test point, that which verifies the highest MSD.
1.2 The UL RB allocation does not match the corresponding PCC CBW REFSENS UL RB configuration as specified in Table 7.3.2-3.
1.3 The current worst-case MSD test point is specified for 10MHz SCC CBW. This may need to be revisited since the worst-case may be met for 5MHz SCC CBW.
1.4 The current test points account for Rel-17 UEs that are restricted to a maximum 20MHz UL CBW. It may be necessary to study if an additional test point is needed to account for Rel-18 UEs that support the BCS4/5 25MHz symmetrical UL/DL CBW.
Proposal 1: For CA_n72(2A) PC3 and PC2 REFSENS, and for UEs with UL restricted to 20MHz, reduce the number of test points from 6 to 1. Specify only the test point which maximizes the SCC MSD.
Proposal 2: 
2.1)	For PC2 operation, specify the intra-band non-contiguous CA REFSENS requirements using ΔRIBNC. For PC2 ΔRIBNC is defined as the allowed reference sensitivity relaxation due to support for intra-band non-contiguous CA operation relative to the band’s default power class reference sensitivity level as specified in Table 7.3.2-1a.
2.2) In clause 3.2 “Symbols”, adopt changes highlighted in yellow 
ΔRIBNC 	Allowed reference sensitivity relaxation to the band’s default power class reference sensitivity due to support for intra-band non-contiguous CA operation.
2.3) In clause 7.3A.2.2, adopt the changes highlighted in yellow:
For intra-band non-contiguous carrier aggregation with one uplink carrier and two or more downlink sub-blocks, the throughput of each downlink component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) and parameters specified in Table 7.3.2-1a, Table 7.3.2-1b, Table 7.3.2-2, and Table 7.3A.2.2-1 with the default power class reference sensitivity power level increased by ΔRIBNC given in Table 7.3A.2.2-1 for the SCC(s). 
2.4) In clause 7.3A.2.2, adopt the new table numbering scheme highlighted in green below to introduce the PC2 new REFSENS tables FDD band intra-band non-contiguous CA:
· Rename Table 7.3A.2.2-1 to Table 7.3A.2.2-1a for 1UL PC3 test points and update the core requirements accordingly;
· Introduce Table 7.3A.2.2-1b for 1UL 1x26dBm PC2 test points;
· Introduce Table 7.3A.2.2-1c for 1UL TxD 23+23dBm PC2 test points.

Proposal 3: For PC3, consider reducing from 6 to 2 test points by adopting the test points highlighted in green in Table 6 for CA_n71(2A) for Table 7.3A.2.2-1a.
Table 6: One uplink PC3 REFSENS for CA_n71(2A) - Table 7.3A.2.2-1a.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	5MHz + 5MHz
	Wgap = 25.0
	5
	4.0
	FDD

	
	
	
	Wgap = 5.0
	20
	0.0
	

	
	
	10MHz + 5MHz
	Wgap = 20.0
	5 (RBstart = 9)
	4.6
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 9)
	2.3
	

	
	
	15MHz + 10MHz
	Wgap = 10.0
	5 (RBstart = 2)
	22.2
	

	
	
	
	Wgap = 5.0
	20 (RBstart = 19)
	5.2
	

	
	
	20MHz + 5MHz
	Wgap = 10.0
	20 (RBstart = 0)
	23.6
	

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	23.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to BCS 4 and 5 and to UEs supporting the symmetrical UL/DL bandwidths.



Proposal 4: For 1x26dBm PC2, consider adopting the test points highlighted in green in Table 6 for CA_n71(2A) Table 7.3A.2.2-1b
Table 7: One uplink 1x26dBm PC2 REFSENS for CA_n71(2A) - Table 7.3A.2.2-1b.
	CA configuration
	SCS
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_n71(2A)
	15/15
	20MHz + 5MHz
	Wgap = 10.0
	20 (RBstart = 0)
	25.6
	FDD

	
	
	25MHz + 5MHzX
	Wgap = 5.0
	20 (RBstart = 8)
	25.7
	

	NOTE 7: The carrier centre frequency of SCC in the DL operating band is configured closer to the UL operating band.
NOTE X: Applicable only to BCS 4 and 5 and to UEs supporting the symmetrical UL/DL bandwidths.



TxD 23+23dBm REFSENS test points will be presented at RAN4 #110-bis.
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