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1 Introduction
[bookmark: OLE_LINK20]This contribution proposes reference sensitivity (REFSENS) requirements for intra-band contiguous uplink carrier-aggregation (UL-CA) class B in Band n3 (CA_n3B) using power amplifier (PA) measurements to account for the new request to support 40MHz aggregated bandwidth (BW). We also propose to amend the latest Way Forward (WF) on intra-band CA MSD test point selection [1] to help proponents select the cell configuration that maximizes the downlink (DL) primary component carrier (PCC) MSD. If agreed, we intend to propose the corresponding set of equations at the next meeting for consideration of the Rel-19 MSD templates/guidelines.
2 Discussion
At RAN4 # 110 we presented measurement data to evaluate CA_n3B REFSENS for BCS4 with a maximum aggregated BW of 75MHz [2]. The request has recently been updated to restrict the maximum aggregated BW to 40MHz with a maximum of 20MHz channel BW (CBW) per uplink (UL) component carrier (CC). In this contribution we present PA measurements to update the REFSENS proposals accordingly.
Guidelines on MSD test point selection
The latest guidelines on MSD test points selection for intra-band contiguous UL-CA have been agreed in WF [1] but due to lack of time, these were not captured in the Rel-18 TR 38.846. We reproduce below the key guidelines from [1]:
1. It is sufficient to specify only one dual-uplink MSD test point per BCS. 
2. If a test point can only be supported by a given BCS, a footnote is needed to indicate this restriction. This is consistent with agreements for MSD test points for EN-DC intra-band contiguous Table 7.3B.2.1-1.
3. The test point is selected to specify the worst-case (highest) MSD level for the PCC, 
4. For UL RB allocation,
a. The total number of UL RBs is equal to the UL RB configuration defined in Table 7.3.2-3 Uplink configuration for reference sensitivity for the DL maximum aggregated channel bandwidth. The total number of UL RBs is defined as the sum of the PCC UL RBs and the SCC UL RBs,
b. The PCC/SCC Lcrb is specified to achieve equal PSD.
c. The RBstart is specified to maximize the DL PCC overlap by the lowest dual-uplink IMD order.
According to WF item 3 noted above, the cell configuration that maximizes the PCC MSD should be used for REFSENS evaluation. However, this guideline does not explicitly define a metric that can be used by proponents to ensure the MSD is maximized. To address this ambiguity, we propose to calculate the frequency distance separation between the DL PCC carrier center frequency and the lowest dual-UL IMD order center frequency. The idea being that the smallest center-to-center frequency separation is a metric that ensures that the MSD is maximized.

[bookmark: _Ref103591637]For the example of CA_n3B, the lowest dual-UL IMD order that may affect the DL PCC is the IMD5. The 1st test point of Table 1 captures the UL RBstart configuration that minimizes the DL PCC center-to- IMD5 center frequency separation distance. However, the DL SCC center-to- IMD7 center frequency separation is not minimum. 

We therefore propose to also evaluate the 2nd test point of Table 1 for which:
·  a smaller PCC MSD is expected due to greater PCC-IMD5 center-to-center frequency separation: 3.47MHz vs 0.84MHz; 
· a greater SCC MSD is expected due to smaller SCC-IMD7 center-to-center frequency separation: 9.66MHz vs 15.42MHz.

Observation: For CA_n3B 20+20MHz maximum UL aggregated BW, the test point that maximizes the PCC MSD does not maximize the SCC MSD, and inversely, the test point that maximizes the SCC MSD does not maximize the PCC MSD.

Table 1 Power Class 3 MSD test point candidates for CA_n3B with 40MHz aggregated BW.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	|PCC-IMD5|
center-to-center
	|SCC-IMD7|
center-to-center
	Test 
point #

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 81)
	0.84 MHz
	15.42 MHz
	1st

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 73)
	3.47 MHz
	9.66 MHz
	2nd



Both configurations are evaluated, bearing in mind that the PA IMD levels are near identical for both test points, only the level of interference that affects each DL CC changes to due to IMD center-frequency shift.

We propose to amend WF [1] guidelines accordingly. If agreed, we intend to propose a set of equations to help proponents calculate and to minimize this center-to-center frequency separation distance as part of the Rel-19 new MSD templates.

Proposal 1: Consider improving the WF [1] guidelines for intra-band contiguous CA MSD test point selection with the amendment highlighted in yellow:
1. It is sufficient to specify only one dual-uplink MSD test point per BCS. 
2. If a test point can only be supported by a given BCS, a footnote is needed to indicate this restriction. This is consistent with agreements for MSD test points for EN-DC intra-band contiguous Table 7.3B.2.1-1.
3. The test point is selected to specify the worst-case (highest) MSD level for the PCC. This corresponds to an UL/DL cell configuration that ensures that the DL PCC is affected by the lowest IMD order.
4. For UL RB allocation,
a. The total number of UL RBs is equal to the UL RB configuration defined in Table 7.3.2-3 Uplink configuration for reference sensitivity for the DL maximum aggregated channel bandwidth. The total number of UL RBs is defined as the sum of the PCC UL RBs and the SCC UL RBs.
b. The PCC/SCC Lcrb is specified to achieve equal PSD.
c. The RBstart is specified to minimize the frequency separation between the DL PCC carrier center frequency and the lowest dual-uplink IMD order center frequency. maximize the DL PCC overlap by the lowest dual-uplink IMD order.
2.1 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- PC3 ACLR -30 dBc.

2.2 Measurement Results and MSD Proposal
The Band n3 PCC/SCC MSD is evaluated using the following parameters:
· Tx-Rx duplexer isolation: 50 dB;
· Tx-antenna duplex rejection in Rx range: 45 dB;
· Primary antenna to diversity antenna isolation: 10 dB;
· MRC combining and -1 dB Signal-to-Noise Ratio (SNR);
· Table 1 test point #1 and #2. 

The Band n3 measured noise levels at 23dBm affecting each DL CC are summarized in Table 2 and the corresponding MSD/REFSENS requirements summarized in Table 3.

[bookmark: _Ref162599464]Table 2 PC3 PA noise levels in DL PCC/SCC for UL CA_n3B with 40MHz aggregated BW.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC interference
(dBm)
	SCC interference
(dBm)
	Test 
point #

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 81)
	-14.4
	-25.1
	1st

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 73)
	-15.0
	-21.2
	2nd


 

[bookmark: _Ref161767233]Table 3 PC3 MSD/REFSENS DL PCC/SCC for UL CA_n3B with 40MHz aggregated BW
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Test 
point #

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 81)
	22.1
	12.1
	1st

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0)
	25 (RBSTART = 73)
	21.5
	15.5
	2nd



From Table 3, we observe that for the 2nd MSD test point, the SCC MSD is ~3dB greater and the PCC MSD is ~ 0.6dB smaller than the 1st MSD test point. Considering the SCC MSD difference is small, we do not see the benefits of introducing an exception to the WF [1] guidelines by adopting the 2nd MSD test point configuration.  We therefore propose to adopt the 1st test point configuration.

Proposal 2: Adopt the power class 3 CA_n3B REFSENS test point highlighted in green in Table 4. 
[bookmark: _Ref143750102]Table 4: Power class 3 intra-band contiguous uplink CA_n3B REFSENS requirements and uplink configuration.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0) 
	25 (RBSTART = 81) 
	22.1
	12.1
	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.



3 Conclusion
In this contribution, we propose to facilitate the MSD test point selection for intra-band contiguous CA by adopting the amendments to WF [1] captured in proposal 1. If agreed, we intend to propose a set of equations to help proponents calculate and to minimize the center-to-center frequency separation distance as part of the Rel-19 new MSD templates.

Proposal 1: Consider improving the WF [1] guidelines for intra-band contiguous CA MSD test point selection with the amendment highlighted in yellow:
1. It is sufficient to specify only one dual-uplink MSD test point per BCS. 
2. If a test point can only be supported by a given BCS, a footnote is needed to indicate this restriction. This is consistent with agreements for MSD test points for EN-DC intra-band contiguous Table 7.3B.2.1-1.
3. The test point is selected to specify the worst-case (highest) MSD level for the PCC. This corresponds to an UL/DL cell configuration that ensures that the DL PCC is affected by the lowest IMD order,
4. For UL RB allocation:
d. The total number of UL RBs is equal to the UL RB configuration defined in Table 7.3.2-3 Uplink configuration for reference sensitivity for the DL maximum aggregated channel bandwidth. The total number of UL RBs is defined as the sum of the PCC UL RBs and the SCC UL RBs.
e. The PCC/SCC Lcrb is specified to achieve equal PSD.
f. The RBstart is specified to minimize the frequency separation between the DL PCC carrier center frequency and the lowest dual-uplink IMD order center frequency. maximize the DL PCC overlap by the lowest dual-uplink IMD order.
For CA_n3B 20+20MHz maximum UL aggregated BW, the test point that maximizes the PCC MSD does not maximize the SCC MSD, and inversely, the test point that maximizes the SCC MSD does not maximize the PCC MSD. However, the difference in the SCC MSD is not sufficiently high to justify deviating from the WF [1] MSD test point selection guidelines and based on our measurement results, we propose to adopt the REFSENS requirements of Proposal 2.

Proposal 2: Adopt the power class 3 CA_n3B REFSENS test point highlighted in green in Table 4. 
Table 4: Power class 3 intra-band contiguous uplink CA_n3B REFSENS requirements and uplink configuration.
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBC (dB)
	SCC ΔRIBC (dB)
	Duplex mode

	CA_n3B
	15/15
	20MHz + 20MHz
	25 (RBSTART = 0) 
	25 (RBSTART = 81) 
	22.1
	12.1
	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.
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