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1. Introduction
The Intra-band Non-collocated EN-DC/NR-CA WI was approved during RAN#95 meeting. The focus of this WI is to study the feasibility of supporting non-collocated scenarios, including the minimum PDSCH performance requirements. The work has been delimited to bands n77/n78. This is, band combinations DC_42_n77/n78 for EN-DC, and CA_n77(2A) and CA_n78(2A) for NR-CA. About minimum PDSCH performance requirements, they should be obtained based on the agreed conditions of applicable maximum received time difference (MRTD) requirement of 33us and the maximum power imbalance between component carriers of 25dB. In this paper, we follow previous RAN4#108 agreements to start determining the actual PDSCH requirements that will be placed on each of the two carriers in consideration.
2. Discussion
RAN4 RF core part has discussed a number of types of UE for this scenario. Details are included in the table below: 
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Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA, ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA, ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	



During the remainder of this WI, we will analyze the need for additional UE demodulation requirements for Type-2 UEs. Here, Type-2 UEs are capable for independent RF component to receive two independent component carriers. In this way, the test can fall back to a typical CA test, but now with the applicability of MRTD and Power Imbalance values that have been decided before: 33us and 25dB.
Observation 1: It has been agreed that for this work item the existing PDSCH CA demodulation methodology will be used (e.g., TS 38.101-4 5.2A.2.1) instead of PDSCH CA power imbalance test methodology (e.g., TS 38.101-4 5.2A.2.2) – this, with the addition of a maximum power imbalance of 25dB and a MRTD of 33us.
In addition, it is assumed that there is sufficient frequency separation and/or low-pass filter rejection after LO. This means that little to no cross-carrier interference is expected. As of now, this feature is intended to work on Japanese markets, where according to their spectrum allocation, a minimum frequency separation between component carriers (CCs) is expected to be of at least 80MHz +BWanother/2, defined as the center of  BWanother relative to edge of BWwanted. See figure below.
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Since this WI has been started to introduce the scenario for Japanese operators, we believe that it is sufficient to confirm to a frequency separation of 80MHz+BWanother/2 between 2 CCs as a side condition (R4-2314750). Once this feature gains traction and gets adopted in other markets, we can revisit this condition in subsequent releases (R19 and beyond).
Observation 2: In RAN4-108 it has been agreed to introduce a minimum frequency separation of 80MHz+BWanother/2 between 2 CCs as a side condition for the test cases using the requirements specified in this WI. For time being, if operators come up with new spectrum allocation for bands 42, n77/n78, which suggests a smaller frequency separation between CCs. The corresponding spec can be updated accordingly.
Proposal 1: RAN4 Demod session to confirm that for Intra-band Non-contiguous Non-collocated NR-CA scenarios the requirement will only be applicable to bands that are separated by 80MHz+BWanother/2.
Hence, with the previous proposal, we can conclude and confirm that there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC, regardless of the UE target cost and complexity.
Observation 3: Since Type-2 UEs have two separate Rx chains for each CC, there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC as previously discussed.
Observation 4: Following typical behavior of closed-loop link adaptation and scheduling, the weaker carrier should use Rank1, and the stronger carrier should use Rank2, given the existing power imbalance requirement of <=25dB.
Proposal 2: Use Rank1 for the weaker carrier and use Rank2 for the stronger carrier. Define MCS values for power imbalance <=25dB accordingly.
Observation 5: Since the SNR distance between the lowest MCS and the higher MCS in the 64QAM is not enough to cover the 25dB power imbalance range, then the 256QAM table seems adequate and sufficient.
Proposal 3: Use the 256QAM Table for both the weaker carrier and use the stronger carrier.
Observation 6: Since simulation results brought by companies may differ by some margin on dB, RAN4 should tabulate a range of MCS values for the low part of the 256QAM table (QPSK transmission), and the high part of the 256QAM table (256QAM transmission)
Using these considerations, our preliminary results are as follows:

	MCS
	Rank
	SNR

	4
	1
	0.2

	5
	1
	3.3

	6
	1
	4.4

	23
	2
	23.7

	24
	2
	24.6

	25
	2
	25.5

	26
	2
	26.9

	27
	2
	28.4




Observation 7: If MCS26 Rank-2 can be agreed for the stronger carrier, and MCS5 Rank-1 for the weaker carrier, both using the 256QAM table, the power imbalance measured as SNR difference is no more than 25dB.
Proposal 4: For RAN4#109, interested companies provide results for MCS0 to MCS6 Rank-1, and MCS23 to MCS26 Rank-2, both using the 256QAM table. After results alignment and span calculation, decide the MCS pair that most reliably provide a SNR difference of no more than 25dB, considering the confidence interval given by the computed spans.
4. Conclusion
Our observations and proposals about the testing criteria for Type-2 UEs in Intra-band Non-collocated NR-CA scenarios are summarized below:
Observation 1: It has been agreed that for this work item the existing PDSCH CA demodulation methodology will be used (e.g., TS 38.101-4 5.2A.2.1) instead of PDSCH CA power imbalance test methodology (e.g., TS 38.101-4 5.2A.2.2) – this, with the addition of a maximum power imbalance of 25dB and a MRTD of 33us.
Observation 2: In RAN4-108 it has been agreed to introduce a minimum frequency separation of 80MHz+BWanother/2 between 2 CCs as a side condition for the test cases using the requirements specified in this WI. For time being, if operators come up with new spectrum allocation for bands 42, n77/n78, which suggests a smaller frequency separation between CCs. The corresponding spec can be updated accordingly.
Proposal 1: RAN4 Demod session to confirm that for Intra-band Non-contiguous Non-collocated NR-CA scenarios the requirement will only be applicable to bands that are separated by 80MHz+BWanother/2.
Observation 3: Since Type-2 UEs have two separate Rx chains for each CC, there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC as previously discussed.
Observation 4: Following typical behavior of closed-loop link adaptation and scheduling, the weaker carrier should use Rank1, and the stronger carrier should use Rank2, given the existing power imbalance requirement of <=25dB.
Proposal 2: Use Rank1 for the weaker carrier and use Rank2 for the stronger carrier. Define MCS values for power imbalance <=25dB accordingly.
Observation 5: Since the SNR distance between the lowest MCS and the higher MCS in the 64QAM is not enough to cover the 25dB power imbalance range, then the 256QAM table seems adequate and sufficient.
Proposal 3: Use the 256QAM Table for both the weaker carrier and use the stronger carrier.
Observation 6: Since simulation results brought by companies may differ by some margin on dB, RAN4 should tabulate a range of MCS values for the low part of the 256QAM table (QPSK transmission), and the high part of the 256QAM table (256QAM transmission)
Observation 7: If MCS26 Rank-2 can be agreed for the stronger carrier, and MCS5 Rank-1 for the weaker carrier, both using the 256QAM table, the power imbalance measured as SNR difference is no more than 25dB.
Proposal 4: For RAN4#109, interested companies provide results for MCS0 to MCS6 Rank-1, and MCS23 to MCS26 Rank-2, both using the 256QAM table. After results alignment and span calculation, decide the MCS pair that most reliably provide a SNR difference of no more than 25dB, considering the confidence interval given by the computed spans.
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