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1	Introduction 

CA_n26(2A) with UL configuration same as in DL is the latest addition to the “enhancement on 700/800/900 band combinations” work item which was approved in RAN #101 meeting [1]. The combination is expected to be subject to odd-order UL intermodulation (IMD3, IMD5, IMD7, ...) self-interference to both DL carriers where MSD from IMD3 and IMD5 direct hit could potentially be relatively high for single-PA implementation, as was observed from our preliminary analysis in last RAN4 meeting [2]. To harmonize the MSD analysis among companies, a specific test configuration based on dual-PA implementation was proposed and agreed in last RAN4 meeting which was captured in the approved WF on NR_700800900_combo_enh [3]. In this contribution, we provide our further MSD analysis according to the agreed test configuration for both single-PA and dual-PA implementations based on numerical simulations and link analysis.                                  
2 Discussion

Figure 2-1 depicts the UL/DL carrier configuration agreed in last RAN4 meeting for MSD analysis where the carrier spacing has been chosen as half of the duplex spacing such that IMD3 and IMD5 will have a direct hit to DL PCC and SCC or vice versa.
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Figure 2-1 CA_n26(2A) test configuration with IMD3 and IMD5 direct hit to DL carriers

The Tx interference noise power to DL PCC and SCC frequency ranges at the PA output was evaluated based on numerical simulations where the simulation assumptions are summarized in Table 2-1.

	Parameter
	Value
	Comment

	Tx and PA model
	Same as used for MPR/A-MPR simulations 
	CIM3, CIM5, IRR, etc.

	Total Tx power
	23 dBm
	At antenna port

	FE insertion loss
	4 dB
	 

	Channel BW
	PCC UL/DL: 5/5; SCC UL/DL: 5/5
	MHz

	UL configuration
	PCC: 12RB RBStart =0; SCC: 12RB RBStart = 3
	



Table 2-1 Simulation assumptions for CA_n26(2A) Tx interference noise power to DL PCC and SCC 
Figure 2-2 shows the simulated spectral profile at n26 PA output (single-PA) where the ranges highlighted in light green are the DL carrier allocations. The IMD3 and IMD5 direct hit to DL carriers can be observed via the second and the third noise humps next to the right UL carrier. 
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Figure 2-2 Simulated spectral profile at n26 PA output (single-PA) for UL CA_n26(2A) 

The simulated Tx noise power in DL PCC and SCC ranges was then incorporated in link analysis for MSD calculations where further assumed parameters are summarized in Table 2-2.

	Parameter
	Value
	Comment

	FE insertion loss
	4 dB
	 

	Duplexer isolation
	50 dB
	Tx to Rx

	
	42 dB
	Tx to ANT

	Antenna isolation
	10 dB
	Main to diversity

	MRC
	
	Uncorrelated



Table 2-2 Assumed parameters for CA_n26(2A) MSD link analysis

In the MSD link analysis, apart from the Tx noise generated from PA nonlinearity, other RF impairments such as passive components IMD and LNA IMD were also considered which however have much less noise contribution than PA nonlinearity. In the case of dual-PA implementation with one Tx for each UL carrier, the MSD would be dominated by the PA reversed IMD. The PA reverse IP3 was assumed 2dB worse than forward IP3 and reverse IP5 was assumed 1dB better than forward IP5 which was based on commercially available PA bench characterizations.  

Observation 1: Among all the RF impairments contributing to MSD, Tx noise generated from PA nonlinearity dominates.  

Observation 2: In the case of dual-PA implementation with one Tx for each UL carrier, the MSD would be dominated by the PA reversed IMD.

Table 2-3 summarizes the calculated MSD results for the CA configuration as shown in Figure 2-1.

	UE Architecture
	PCC MSD (IMD3)
	SCC MSD (IMD5)

	Single-PA
	48.9 dB
	32.3 dB

	Dual-PA
	35.2 dB
	1.0 dB



Table 2-3 Calculated MSD results for CA_n26(2A) configuration as shown in Figure 2-1

It can be seen that the MSD caused by IMD3 is quite severe which may render the combination not being so useful. On the other hand, though the dual-PA architecture can help improve MSD due to IMD5 substantially, the IMD3 MSD is still relatively high which may not justify the increased cost and RF front-end complexity for dual-PA implementation.    

Observation 3: For UL/DL CA_n26(2A), the MSD caused by IMD3 is quite severe which may render the combination not being so useful.

Observation 4: Though the dual-PA architecture can help improve MSD due to IMD5 substantially, the IMD3 MSD is still relatively high which may not justify the increased cost and RF front-end complexity for dual-PA implementation.

Based on the above analysis, we propose RAN4 to reconsider whether there is sufficient technical justification to support UL CA_n26(2A) as its DL carriers are susceptible to relatively high MSD.  

Proposal 1: RAN4 to reconsider whether there is sufficient technical justification to support UL CA_n26(2A) as its DL carriers are susceptible to relatively high MSD.

Proposal 2: If RAN4 would proceed to specify UL/DL CA_n26(2A), take the MSD values in Table 2-3 into consideration.       
 
3	Conclusion

In this contribution, we provide our further MSD analysis according to the agreed test configuration for both single-PA and dual-PA implementations based on numerical simulations and link analysis.

Observation 1: Among all the RF impairments contributing to MSD, Tx noise generated from PA nonlinearity dominates.  

Observation 2: In the case of dual-PA implementation with one Tx for each UL carrier, the MSD would be dominated by the PA reversed IMD.

Observation 3: For UL/DL CA_n26(2A), the MSD caused by IMD3 is quite severe which may render the combination not being so useful.

Observation 4: Though the dual-PA architecture can help improve MSD due to IMD5 substantially, the IMD3 MSD is still relatively high which may not justify the increased cost and RF front-end complexity for dual-PA implementation.

Proposal 1: RAN4 to reconsider whether there is sufficient technical justification to support UL CA_n26(2A) as its DL carriers are susceptible to relatively high MSD.

Proposal 2: If RAN4 would proceed to specify UL/DL CA_n26(2A), take the MSD values in the table below into consideration.

	CA Combination
	UE Architecture
	PCC MSD (IMD3)
	SCC MSD (IMD5)

	UL/DL CA_n26(2A)
	Single-PA
	48.9 dB
	32.3 dB

	
	Dual-PA
	35.2 dB
	1.0 dB
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