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Introduction
In current 38.101-3 [1], for the configured output power of intra-band EN-DC, there is a 6 dB PSD check in place which allows NR to be dropped when PSD difference between two cell groups is greater than 6 dB. This NR dropping rule originally was introduced due to emission concern [2] in RAN4#89 meeting. A proposal to remove this 6 dB check rule was presented the following RAN4#90 meeting [3], while other companies either expressed concerns to removal of 6 dB check for general EN-DC [4], or suggested to keep 6 dB PSD check in Rel-15 and perform further optimization/study in Rel-16 [5]. In this contribution, we present our view on PSD check rule.
Discussion
In current 38.101-3[1], the PSD check rule is specified asIf the configured transmission power spectral density between the MCG and SCG differs by more than [6] dB, then
	PUMAX,f,c,NR (q) ≤ 10log(pCMAX H, f,c,,NR (q)) + THIGH (10log(pCMAX H, f,c,NR (q))).

[bookmark: _Hlk531562151]
The NR CG is allowed to drop when PSD delta between MCG and SCG is greater than 6 dB.

Our view is the 6 dB check rule should be kept. But we analyze the issue from a different angle – signal quality.

In RAN4#86Bis, we already submitted a contribution [6] and discussed that why PSD delta should be minimized in intra-band EN-DC.With Option 2*, we will have many very severe PSD inequality scenarios, with NR carrier much weaker than LTE. This will mean a “baseline” noise for NR caused either by IQ image or ACLR from LTE carrier that does not get better with A-MPR.  This in practice means that, especially for higher Modulations, NR EVM targets will not be possible to meet with any amount of A-MPR.
*Note: Option 2 means power reduction is applied to NR carrier only

 
We provide a few calculations on the SNR (C/N) degradations on carrier with weak PSD. 

30 dBc ACLR is specified for power class 3 device, it is expected the leakage (mainly from IMD3) from an allocated CC can generate as high as -30dBc noise at the adjacent CCs on both side. 

In intra-band EN-DC case, when PSD between two CGs are not equal, then the CG with lower PSD suffers signal quality degradation due to IMD3 from CG with higher PSD.  Assuming CG with lower PSD has Tx EVM 8% which is requirement for 64QAM, we can see its Tx signal quality degradation vs PSD difference in Table 1.






Table 1. C/N on CG with lower PSD vs PSD difference
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For one PA architecture, even without considering dynamic range issue and IQ image, it can be seen that the signal quality of CG with lower PSD degrades from 8% to 10.2% EVM when PSD difference is 6dB. While when PSD difference is 10dB, the EVM on CG with lower PSD has been down to 12.8% which is even worse than 16QAM EVM requirement which is 12.5%.  For power class 2 device, the degradation is also provided in the table for comparison and can be seen at similar level. The similar analysis was also done in [7].

For two PA architecture, the signal quality of CG with lower PSD degrades at OTA where two CG signals are added together. The above degradation analysis still applies. 

Now if we consider IQ image impact on single PA architecture, the signal quality will further degrade. The following IQ image requirements is from 38.101-1. 

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm

	
	
	-25
	Image frequencies when output power ≤ 10 dBm



Take -28dBc as IQ image, we can recalculate EVM degradations in Table 2.
Table 2. C/N on CG with lower PSD vs PSD difference for single PA with IQ = -28dBc
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We can see the signal quality further degrades. Even with 6dB PSD difference, EVM on CG with lower PSD is 12.9% and 12.6% for PC3 and PC2 devices and worse than 12.5% EVM requirement for 16QAM.

Observation 1: For intra-band EN-DC, when there is unequal PSD between two CGs, the CG with lower PSD may suffers signal quality degradation.

For EN-DC, eNB and gNB cannot be assumed to know each other’s scheduling information, such information include RB allocations, dynamic power control loop parameters. LTE is always assumed to perform independent power control while dynamic power sharing is performed by UE at NR side for type 1 UE. Both eNB and gNB cannot predict the PSD difference generated by UE such that they cannot adopt MCS of PUSCH on both CGs intelligently. Please note SRS signal is used for sounding channel with slow variations, not for rapid changes in signal quality from UE’s dynamic power sharing perspective. There is not fundamental mechanism to deal with signal degradation effectively. So we propose to keep 6dB PSD check rule to limit EVM degradation. 

Another benefit to allow NR to drop when PSD delta is large is that UE can extend battery life since UE can save not only NR PA power consumption in 2 PA architecture, but also power consumption in corresponding NR base band which takes a sizable part in total UE power consumptions.

Observation 2:  Both eNB and gNB cannot be assumed to know each other’s scheduling information. They cannot predict the signal quality degradation on CG with lower PSD such that they cannot adopt MCS of PUSCH on both CGs intelligently.

Proposal 1: PSD check should be enforced and NR is allowed to drop when PSD between the MCG and SCG differs by more than 6 dB.

The same signal quality degradation issue also exists in intra-band NE-DC. So we propose to apply the same PSD check rule in NE-DC and allow NR to drop when PSD between the MCG and SCG differs by more than 6 dB.

[bookmark: _GoBack]Proposal 2: For intra-band NE-DC, NR is allowed to drop when PSD between the MCG and SCG differs by more than 6 dB.
Conclusion
In this contribution, we discuss from another angle about keeping PSD check for intra-band EN-DC and NE-DC to prevent signal quality in weak PSD CC from degrading too much. We have following observations and proposals.

Observation 1: For intra-band EN-DC, when there is unequal PSD between two CGs, the CG with lower PSD may suffers signal quality degradation.

Observation 2:  Both eNB and gNB cannot be assumed to know each other’s scheduling information. They cannot predict the signal quality degradation on CG with lower PSD such that they cannot adopt MCS of PUSCH on both CGs intelligently.

Proposal 1: PSD check should be enforced and NR is allowed to drop when PSD between the MCG and SCG differs by more than 6 dB.

Proposal 2: For intra-band NE-DC, NR is allowed to drop when PSD between the MCG and SCG differs by more than 6 dB.
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PSD diff.

PC3 PC2 PC3 PC2

6 19.84 20.19 10.2% 9.8%

8 18.96 19.43 11.3% 10.7%

10 17.85 18.43 12.8% 12.0%

12 16.53 17.21 14.9% 13.8%

14 15.01 15.79 17.8% 16.2%

16 13.35 14.20 21.5% 19.5%

18 11.58 12.48 26.4% 23.8%

20 9.73 10.66 32.6% 29.3%

C/N at CG with lower PSD Total EVM at CG with lower PSD
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PSD diff.

PC3 PC2 PC3 PC2

ACLR = 30dB

IQ = -28dB

ACLR = 31dB

IQ = -28dB

ACLR = 30dB

IQ = -28dB

ACLR = 31dB

IQ = -28dB

6 17.78 17.99 12.9% 12.6%

8 16.44 16.69 15.1% 14.6%

10 14.91 15.20 18.0% 17.4%

12 13.25 13.55 21.8% 21.0%

14 11.47 11.79 26.7% 25.7%

16 9.61 9.95 33.1% 31.8%

18 7.71 8.05 41.2% 39.6%

20 5.77 6.12 51.5% 49.4%

C/N at CG with lower PSD  Total EVM at CG with lower PSD


