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1. Introduction

In RAN4 #95e meeting, the way forward on UE power imbalance requirements for FR1 CA and EN-DC was approved in [1]. The contribution discusses the open test parameters.
2. Discussion on FR1 intra-band contiguous CA
2.1
CBW combination for defining performance requirements
In RAN4 #95e, the following agreements were reached on the channel bandwidth combination:
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability
· Option 2a
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the lowest part for the CC with lower carrier frequency, and placed in the highest part for the CC with higher carrier frequency.
· Option 2b
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
· Select the CA combination with largest bandwidth, and select the CA configuration with the same BWs in each carrier for power imbalance test
· If there is no supported CA configuration with the same BWs, additional power imbalance test can be considered if necessary. 
· Note that from 38.101-1, we can observe that most of the CA combinations have the configuration with same BWs, except CA_n71B and CA_n78B.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations
· RAN4 uses option 3 if it is feasible to define bandwidth agnostic requirements for option 3.
For option 3, we think it is feasible to define bandwidth agnostic requirements. The following justification is generally copied from our paper to RAN4 #95e [2].
In the summary of FR1 normal PDSCH CA simulation results in [3] and [4], 5 companies provided simulation results, which showed that:
· For 2Rx FDD 15 kHz, the performance gap for different CBW (5-50MHz) is up to 0.8dB.
· For 4Rx FDD 15 kHz, the performance gap for different CBW (5-50MHz) is up to 0.4dB.
· For 2Rx TDD 30 kHz, the performance gap for different CBW (5-100MHz) is up to 1.2dB.
· For 4Rx TDD 30 kHz, the performance gap for different CBW (5-100MHz) is up to 0.8dB.
Note that the above performance gap indicates the gap in the average impairment results for all the configurable CBW for each SCS.
Given that rank 2 and fading channel are assumed in normal PDSCH CA test, the potential performance gap among different CBW for CA power imbalance test would be smaller than that for normal PDSCH CA test.
Proposal 1: It is feasible to define bandwidth agnostic requirements for power imbalance test.
2.2
CBW combination for testing
In RAN4 #95e, the following agreements were reached on the channel bandwidth combination for testing:
· As baseline, use the following approach
· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with [larger or smaller] CBW will be used for test.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
· Following topic will be discussed further
· In step1, if there is no CBW combinations with the same BWs in each carrier, whether the carrier with larger or smaller CBW will be used for test?
In our view, if there is no CBW combination with the same BWs in each carrier, the carrier with the smaller CBW will be used for test, since the carrier with smaller CBW will be affected by image interference from the carrier with larger CBW anyway, as discussed in RAN4 #95e [5] [6].
Proposal 2: If there is no CBW combination with the same BWs in each carrier, the carrier with the smaller CBW will be used for test.
2.3
Other test applicability aspects
The general rule to select CBW combinations for testing has been discussed in section 2.2. There are some more aspects need to be discussed further. From our perspective, it is proposed to reuse the following applicability rules from LTE CA power imbalance test for NR as well:
Test applicability rule from LTE CA power imbalance test:

· For FDD or TDD CA power imbalance tests, if they are tested with FDD or TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD or TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.

· For FDD or TDD 2 DL CCs, only test the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
Proposal 3: Reuse the following applicability rule from LTE CA power imbalance test:

· For FDD or TDD CA power imbalance tests, if they are tested with FDD or TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD or TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.

· For FDD or TDD 2 DL CCs, only test the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
2.4
MCS
The following options on MCS were proposed in the last meeting:

· FFS whether to use 64QAM or 256QAM based on more simulation results for 1x2 and 1x4 
· Assumptions related to the target SNR point for simulation
· Power difference between two CCs
· 6dB
· Impairment margin + extra margin
· Option 1: 3dB
· Option 2: lower than 3dB
For the modulation order, we propose to use 64QAM, since 256QAM is mandatory with capability signalling for FR1 PDSCH.
For the impairment margin + extra margin, we propose to use option 1 of 3dB, considering the around 2 dB impairment margin and 0.8 dB extra margin for 64QAM.

As a result, ideal simulation results are needed to check the throughput for different code rates of 64QAM at 16dB SNR. Our simulation results in terms of relative throughput for 1T2R with MCS 27 and 1T4R with MCS 28 are given in Table 1. Both the smallest and highest single carrier channel bandwidths are simulated.

Table 1. Relative throughput for 2Rx and 4Rx
	SNR=16dB
	TP (1T2R, MCS 27)
	TP (1T4R, MCS 28)

	TDD 30kHz
	5MHz CBW
	100%
	100%

	
	100MHz CBW
	100%
	100%

	FDD 15kHz
	5MHz CBW
	100%
	100%

	
	50MHz CBW
	100%
	100%


From Table 1, we can observe that 100% relative throughput can be achieved for 1T2R with MCS 27 (code rate of 0.89) and 1T4R with MCS 28 (code rate of 0.93). It is also noted that in LTE CA power imbalance test, 2Rx and 64 QAM with code rate of 0.80-0.87 are used.
Therefore, we propose to use MCS 27 for 2Rx and MCS 28 for 4Rx.

Observation 1: Based on our simulation results, 100% relative throughput can be achieved for 1T2R with MCS 27 and 1T4R with MCS 28.
Proposal 4: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
3. Discussion on intra-band contiguous and non-contiguous EN-DC
3.1
CBW combination for defining performance requirements
For the CBW combination for defining performance requirements, we propose to reuse the agreement from FR1 intra-band contiguous CA.
Proposal 5: For the CBW combination for defining performance requirements, we propose to reuse the agreement from FR1 intra-band contiguous CA.
3.2
CBW combination for testing
For EN-DC, concerning the CBW combination for testing, it also makes sense to firstly select the CBW combinations with the same BWs in each carrier. 
Meanwhile, it might be not practical to use the carrier with the smaller CBW for testing when there is no CBW combination with the same BWs in each carrier. This is because in many cases the CBW in NR carrier is not smaller than the CBW in LTE carrier.
Therefore, we can adjust the approach for selecting the CBW combination for testing as follows:
· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with smaller CBW will be used for test.
· Step 2: Among the CBW combinations selected from step 1, select the CBW combinations where the NR carrier has smaller CBW than the LTE carrier; if no such CBW combination, directly go to step 3.

· Step 3: Among the CBW combinations selected from step 2, select the CA combination with largest aggregated CBW
Proposal 6: For EN-DC, to select the CBW combination for testing, use the following approach modified based on the CA approach:
· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with smaller CBW will be used for test.
· Step 2: Among the CBW combinations selected from step 1, select the CBW combinations where the NR carrier has smaller CBW than the LTE carrier; if no such CBW combination, directly go to step 3.

· Step 3: Among the CBW combinations selected from step 2, select the CA combination with largest aggregated CBW
3.3
Others
For the other test parameters and applicability rules, if not explicitly discussed, by default the same agreements on CA power imbalance test can be reused. This general principle has been agreed in RAN4 #94e-bis [7]. 
Proposal 7: For the other test parameters and applicability rules, if not explicitly discussed, reuse the same agreements from CA power imbalance test.
4. Conclusion
This contribution discussed the power imbalance requirements for FR1 CA and EN-DC, with the following proposals:
On FR1 intra-band contiguous CA:
Proposal 1: It is feasible to define bandwidth agnostic requirements for power imbalance test.

Proposal 2: If there is no CBW combination with the same BWs in each carrier, the carrier with the smaller CBW will be used for test.

Proposal 3: Reuse the following applicability rule from LTE CA power imbalance test:

· For FDD or TDD CA power imbalance tests, if they are tested with FDD or TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD or TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.

· For FDD or TDD 2 DL CCs, only test the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.

Observation 1: Based on our simulation results, 100% relative throughput can be achieved for 1T2R with MCS 27 and 1T4R with MCS 28.

Proposal 4: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
On FR1 intra-band contiguous and non-contiguous EN-DC:
Proposal 5: For the CBW combination for defining performance requirements, we propose to reuse the agreement from FR1 intra-band contiguous CA.
Proposal 6: For EN-DC, to select the CBW combination for testing, use the following approach modified based on the CA approach:

· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with smaller CBW will be used for test.
· Step 2: Among the CBW combinations selected from step 1, select the CBW combinations where the NR carrier has smaller CBW than the LTE carrier; if no such CBW combination, directly go to step 3.

· Step 3: Among the CBW combinations selected from step 2, select the CA combination with largest aggregated CBW

Proposal 7: For the other test parameters and applicability rules, if not explicitly discussed, reuse the same agreements from CA power imbalance test.
5. References
[1] R4-2008848, Way forward on UE power imbalance requirements for FR1 CA and EN-DC, NTT DOCOMO, RAN4 #95e, May 2020.
[2] R4-2006039, FR1 CA PDSCH demodulation requirement with power imbalance, China Telecom, RAN4 #95e, May 2020.
[3] R4-2004554, Summary of Normal CA simulation results (FR1 15 kHz FDD and TDD), Intel, RAN4 #94e-bis, Apr 2020.
[4] R4-2004555, Summary of Normal CA simulation results (FR1 30 kHz TDD), Intel, RAN4 #94e-bis, Apr 2020.
[5] R4-2006533, Discussion on FR1 CA and EN-DC power imbalance requirements, Intel Corporation, RAN4 #95e, May 2020.
[6] R4-2009043, Email discussion summary for [95e][323] NR_perf_enh_Demod_UE, Moderator (China Telecom) , RAN4 #95e, May 2020.
[7] R4-2005547, Way forward on UE power imbalance requirements for FR1 CA and EN-DC, NTT DOCOMO, RAN4 #94e-bis, Apr 2020.
1

