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Introduction
At RAN4 #101e, agreements were reached in Way Forward [1] to further evaluate CA_n5B BCS1 one uplink (UL) / two downlink (DL), and 2UL/2DL MSD with focus on PCC/SCC placement. The agreed WF also invites companies to evaluate further simplifications to MSD specifications. In this contribution, we observe that intra-band (IB) NR UL carrier aggregation (CA) test points are not consistent with legacy LTE specifications. We propose to correct this misalignment by swapping the placement of primary and secondary component carrier (PCC/SCC). The main benefit of these changes is to allow removing 1UL/2DL MSD test points and allows reducing the number of 2UL/2DL test points to only one test point per band combination. The main drawback is that re-evaluation of CA_n7B is required due to PCC/SCC swapping. In this contribution we bring measurement data to re-evaluate CA_n7B MSD. Changes to MSD Table 7.3A.2.1-1 and core requirement text are also proposed.
Discussion
Background on WF [1] and issues with Current MSD Specifications
Figure 1 below summarizes WF [1] agreements, NR MSD specifications and LTE MSD specifications. PCC/SCC placement in the UL and in the DL bands are illustrated on the right-hand side of this Figure.
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[bookmark: _Ref92651304]Figure 1 WF agreements (top), NR MSD specifications (TS 38.101-1), LTE MSD specifications (TS 36.101).
Observation 1: PCC/SCC placement concerns for NR IB ULCA MSD specifications:
1. PCC/SCC for NR 1UL/2DL specified in core requirement text is not consistent with test points captured in 7.3A.2.1-1: PCC/SCC are swapped. Note however, that NR 1UL/2DL core requirement text is consistent with LTE PCC/SCC placement. However, this is not the case of the specified MSD test points.
2. Swapping NR PCC/SCC placement with LTE conventions would allow removing 1UL/2DL MSD test points.
3. Swapping NR PCC/SCC placement requires re-assessing MSD levels for the case of asymmetric PCC/SCC CBW.
4. The UL RB configurations for CA_n7B 2UL/2DL is not set proportional to the PCC/SCC CBW ratio.
Based on observation 1, we propose to study the impact of swapping PCC/SCC placement on 2UL/2DL NR IB ULCA MSD.
Impact of PCC/SCC Swap on 2UL/2DL NR IB ULCA MSD
Impact on CA_n5B MSD
Figure 2 below indicates that PCC/SCC swapping requires re-evaluating the MSD levels for 5+15MHz CC configuration since the IM5 overlaps entirely PCC when PCC/SCC are swapped (top right corner), while the current MSD level accounts for IM5 that overlaps both PCC and SCC, with greater overlap of PCC than SCC. For the 10+10MHz CC configuration, the IMD landscape is symmetrical, hence PCC/SCC swapping does not impact MSD levels. 
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[bookmark: _Ref92653086]Figure 2 Impact of PCC/SCC swap on CA_n5B, 5+15MHz test point (top), 10+10MHz test point (bottom).
Observation 2: PCC/SCC placement concerns for CA_n5B NR IB ULCA MSD specifications:
1. CA_n5B 5+15MHz MSD needs to be re-evaluated when swapping PCC/SCC placement; and
2. CA_n5B 5+15MHz MSD does not need to be re-evaluated when swapping PCC/SCC placement since the IMD landscape is symmetrical. PCC/SCC MSD level and UL RB allocations only need to be swapped.
Based on observation 2 and to minimize MSD re-evaluation, we propose to keep only one test point for CA_n5B 2UL/2DL MSD that corresponds to CA configuration 10+10MHz. This is sufficient to verify the UE RF-Front-end (RF-FE) performance.
Based on observation 1, CA_n5B 1UL/2DL test points are not needed, neither for BCS0, nor for BCS1.
Observation 3: For CA_n5B 2UL/2DL, it is sufficient to adopt the following MSD specifications:
Table 7.3A.2.1-1: Intra-band contiguous CA uplink configuration for reference sensitivity
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n5B
	15/15
	10MHz + 10MHz
	10 (RBstart = 0 42)
	10 (RBstart = 42 0)
	26.1
30.8
	30.8
26.1
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier centre frequency of PSCC 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 same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1. 


With these changes, 1UL/2DL MSD test points are not needed for CA_n5B BCS0 and BCS1.
Impact on CA_n7B MSD
IMD Landscape
For CA_n7B, swapping PCC/SCC allows removing the three 1UL/2DL MSD test points, leaving only the 2UL/2DL 10+40MHz test point for re-evaluation. Figure 3 shows that even though the IM landscape is swapped, MSD level needs to be re-evaluated to ensure that changing the UL RB configuration so that it is set proportional to the PCC/SCC CBW ratio does not impact MSD. The initial proposal in Figure 3 is to evaluate MSD with 9RB26 for PCC and 36RB180 for SCC.
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[bookmark: _Ref92655204]Figure 3 Impact of PCC/SCC swap on CA_n7B, 10+40MHz test point.

CA_n7B MSD Measurements
For measurements, the PA is calibrated using a 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge to meet ACLR -30dBc with 1 dB MPR- PC3, and the following assumptions:
- Post PA losses: 4dB; 
- Power Class 3 (PC3) operation; 
- Local Oscillator (LO) leakage: -28dBc; 
- IQ Image rejection: -28dB;
- Candidate waveforms to explore MSD levels, with xRBy denoting, LCRB of “x” RBs at RB start position of “y”
· 9RB0/36RB180 PCC/SCC
· 9RB10/36RB180 PCC/SCC
· 9RB20/36RB180 PCC/SCC
· 9RB26/36RB180 PCC/SCC
· 9RB30/36RB180 PCC/SCC
· 9RB40/36RB180 PCC/SCC
· UL SCC UL SCC configured closer to the DL band.
The measured PA Tx noise levels falling in PCC/SCC for each UL candidate waveform is plotted in Figure 4.
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[bookmark: _Ref92656278]Figure 4 PA Tx noise level falling in PCC/SCC DL carriers for CA_n7B 10+40MHz with UL SCC configured closer to the DL band.
Based on these results, we propose to MSD evaluation using UL PCC/SCC UL RB configuration of 9RB26/36RB180 respectively with parameters shown in Figure 5. Compared to current MSD values, the 10MHz CC MSD (now PCC MSD) remains unchanged at 34dB, the 40MHz CC MSD is slightly higher at 26.8dB vs agreed 25dB (now SCC MSD). Considering the very high levels on SCC MSD, we propose to simply swap MSD levels.
[image: ] 
[bookmark: _Ref92658934]Figure 5 CA_n7B 10+40MHz MSD with UL SCC configured closer to the DL.
Observation 4: For CA_n7B 2UL/2DL MSD, it is sufficient to adopt the following specifications:
Table 7.3A.2.1-1: Intra-band contiguous CA uplink configuration for reference sensitivity
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n7B
	15/15
	10MHz + 40MHz
	25 (RBstart = 191)
9 (RBstart = 26)
	20 (RBstart = 32)
36 (RBstart = 180)
	25
34
	34
25
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier centre frequency of PSCC 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 same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1. 



Based on observations 1,2,3,4 we make the following change proposal to correct NR IB ULCA MSD test points.
Proposal: For NR intra-band uplink CA MSD core requirements and MSD specifications, adopt the yellow highlighted text and Table 7.3A.2.1-1 changes.
7.3A.2	Reference sensitivity power level for CA
7.3A.2.1	Reference sensitivity power level for Intra-band contiguous CA
For intra-band contiguous carrier aggregation, the throughput of each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A.3.2, and A.3.3 (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) with parameters specified in Table 7.3.2-1, Table 7.3.2-2, and Table 7.3.2-3.
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.
For aggregation of two or more downlink FDD carriers with one or 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. The requirements apply with all downlink carriers active. Unless given 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.
Table 7.3A.2.1-1: Intra-band contiguous CA uplink configuration for reference sensitivity
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n5B
	15/15
	10MHz + 10MHz
	10 (RBstart = 0)
	10 (RBstart = 42)
	30.8
	26.1
	FDD

	CA_n7B
	15/15
	10MHz + 40MHz
	9 (RBstart = 26) 
	36 (RBstart = 180) 
	34
	25
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier centre frequency of PSCC 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 same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1. 






Conclusions
In this contribution, we present corrections to align NR intra-band CA MSD specifications with legacy LTE specifications by swapping PCC/SCC placement. We propose minor changes to the core requirement text and bring measurement results to update the CA_n7B UL RB configuration so that the allocations are set proportional to the ratio of PCC/SCC CBW. The PCC/SCC swap allows removing all 1UL/2DL test points. For CA_n5B, it is proposed to retain only one MSD test point for 2UL/2DL configuration.

Proposal: For NR intra-band uplink CA MSD core requirements and MSD specifications, adopt the yellow highlighted text and Table 7.3A.2.1-1 changes.
7.3A.2	Reference sensitivity power level for CA
7.3A.2.1	Reference sensitivity power level for Intra-band contiguous CA
For intra-band contiguous carrier aggregation, the throughput of each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A.3.2, and A.3.3 (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) with parameters specified in Table 7.3.2-1, Table 7.3.2-2, and Table 7.3.2-3.
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.
For aggregation of two or more downlink FDD carriers with one or 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. The requirements apply with all downlink carriers active. Unless given 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.
Table 7.3A.2.1-1: Intra-band contiguous CA uplink configuration for reference sensitivity
	CA configuration
	SCS
(PCC/SCC)
(kHz)
	Aggregated channel bandwidth (PCC+SCC)
	UL PCC allocation
(LCRB)
	UL SCC allocation
(LCRB)
	PCC ΔRIBNC (dB)
	SCC ΔRIBNC (dB)
	Duplex mode

	CA_n5B
	15/15
	10MHz + 10MHz
	10 (RBstart = 0)
	10 (RBstart = 42)
	30.8
	26.1
	FDD

	CA_n7B
	15/15
	10MHz + 40MHz
	9 (RBstart = 26) 
	36 (RBstart = 180) 
	34
	25
	FDD

	NOTE 1:	All combinations of channel bandwidths defined in Table 5.5A.1-1.
NOTE 2:	The carrier centre frequency of PSCC 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 same as Transmission bandwidth configuration NRB as defined in Table 5.3.2-1. 
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Table 7.3.1A-0h: Intra-band contiguous CA uplink configuration for reference sensitivity for
Bandwidth Class B
CA corfiguration] CC combinston /Ny ., Duplex mods

UplinkCA | Z6RE+25RE | SORE+25RB | 0RB#GORB | ToRE+Z5RE p—

configuration | PCC | SCC | PCC | SCC| PCC [ SCC | PCC | SoC Mode

CASE | WA NA| 25 | 0 7 0 | NA|NA [0

CAss [ WA NA| 25 [ 0 [ 25 [ 0 [ NAJNA 0]

Cawe | % [ 2 [ 0 | % [ @[ s 5 [ 2 o0

NOTE 2. The ransmited power over boh PCC and SCC shllbe set 0 Pus 5 defined nsubclause 62 5A.

NOTE 3. The UL tescurce blocks nboth PCC and SCC shallbe confied with the ransmisson bandwith ULBand DLBand
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