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1	Introduction
RAN4#96-e agreed with the way forward on PDSCH demodulation requirements with power imbalanced CA/EN-DC in FR1​ [1]. We discuss the open issues on PDSCH demodulation with CA/EN-DC with power imbalance.
2	Discussion
2.1	NR PDSCH with intra-band contiguous CA
2.1.1	MCS
	MCS​
· Modulation order: 64QAM for 2Rx and 4Rx​
· MCS​
· Option 1: MCS 27 for 2Rx, MCS 28 for 4Rx ​
· Option 2: MCS 25 for 2Rx ​
​



One remaining open issue on intra-band contiguous CA (and intra-band contiguous EN-DC) is the MCS setting for PDSCH transmission. Figure 1 shows our ideal simulation results based on the parameters in Table 1, and Table 2 summarizes the required SNR levels to achieve 85% of maximum throughput. 
[bookmark: _Ref53497025]Table 1	Simulation parameters for PDSCH with intra-band contiguous CA with power imbalance.
	Parameters
	Values

	CBW and SCS
	10MHz for FDD SCS=15kHz
40MHz for TDD SCS=30kHz

	Reference testing point​
	85% of maximum throughput ​

	PDSCH DMRS configurations​
	DMRS type: Type 1​
Number of additional DMRS: 1 (i.e., 1+1)​

	Antenna configuration and rank​
	1x2, 1x4
Rank 1​

	MCS​
	64QAM: MCS 25, MCS27

	Max number of HARQ transmission​
	1 (RV = {0})​

	Precoding configuration​
	SP Type I, Random per slot with PRB bundling granularity​

	PRB bundling size​
	WB​

	Propagation channel
	Static
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	(a) FDD SCS=15kHz, CBW=20MHz
	(b) TDD SCS=30kHz, CBW=40MHz


[bookmark: _Ref53497015]Figure 1	PDSCH simulation results.
[bookmark: _Ref54024498]Table 2	SNR to achieve 85% of maximum throughput (ideal results).
	
	FDD 15kHz 2Rx
	TDD 30kHz 2Rx
	FDD 15kHz 4Rx
	TDD 30kHz 4Rx

	MCS 25
	14.4
	14.6
	11.2
	11.8

	MCS 27
	16.9
	16.1
	13.9
	12.9



It is observed from the simulation results that the required SNR (ideal case) to achieve 85% of the maximum throughput is about:
· 2Rx: 15dB for MCS25 and 17dB for MCS27
· 4Rx: 12dB for MCS25 and 14dB for MCS27
Considering the impairment margin, the required SNR levels for 2Rx is around 19dB, and we think MCS27 is feasible to configure for intra-band contiguous CA with power imbalance. 
Proposal 1: Configure MCS 27 for 2Rx and MCS 28 for 4Rx for intra-band contiguous CA test with power imbalance.
2.1.2	Applicability rule
	Applicability rule​
· Option 1: 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.​
· Other options are not precluded.​



LTE intra-band contiguous CA with power imbalanced test uses the following applicability rule: 
	TS 36.101 8.1.2.3
	Tests
	CA capability where the tests apply
	CA configuration from the selected CA capbility where the tests apply
	CA Bandwidth combination to be tested in priority order

	CA tests with 2CCs in Clause 8.2.1.7.1
	CA_C
	Supported FDD intra-band contiguous CA configurations covering the lowest and highest operating bands
	Largest aggregated CA bandwidth combinations

	CA tests with
2CCs in 8.2.2.7.1
	CA_C
	Supported TDD intra-band
contiguous CA
configurations
covering the lowest and
highest operating bands
	Largest aggregated CA
bandwidth combinations



TS 36.101 8.1.2.4
· For FDD CA power imbalance tests specified in 8.2.1.7.1, if they are tested with FDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For TDD CA power imbalance tests specified in 8.2.2.7.1, if they are tested with TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.



For NR intra-band contiguous CA with power imbalance, we prefer to apply the same applicability rule as LTE. We therefore propose the following applicability rule:
Proposal 2: Apply the following applicability rule for NR intra-band contiguous CA with power imbalance scenario: 
· For FDD CA power imbalance tests, if they are tested with FDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For FDD CA power imbalance tests with 2 DL CCs, test only the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
· For TDD CA power imbalance tests, if they are tested with TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For TDD CA power imbalance tests with 2 DL CCs, test only the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.

2.2	NR PDSCH with intra-band contiguous EN-DC
For the channel bandwidth combination for defining performance requirements​ for intra-band contiguous EN-DC test, RAN4 agreed to reuse the agreement from the intra-band contiguous CA. We therefore propose to configure the same MCS for the intra-band contiguous EN-DC test.
Proposal 3: Configure MCS 27 for 2Rx and MCS 28 for 4Rx for intra-band contiguous NE-DC test with power imbalance.

2.3	NR PDSCH with intra-band non-contiguous EN-DC
2.3.1	Selection of CBW combinations
RAN4#96-e discussed several options for the selection of CBW combinations for intra-band non-contiguous EN-DC tests as follow:
	Channel bandwidth combination for testing​
· Option 1​
· 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.
· 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 EN-DC combination with largest aggregated CBW​
· Option 2​
· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated carriers) and NR carrier​
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers.
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the EN-DC combination with largest aggregated CBW.​
· Option 3​
· Step 1: First select the CBW combinations with the same BWs in each carrier. If there is no such CBW combination, go to Step 1a and Step 1b, otherwise Step 2.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier​
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between the two carriers​
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW​
· Option 4​
· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. If there is no such CBW combination, go to Step 1a, Step 1b and Step 1c.​
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the (aggregated) BW of LTE carrier(s). If there is no such CBW combination, go to Step 1c.​
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between NR carrier and LTE carrier(s)​
· Step 1c: select the EN-DC combinations with smallest CBW difference between the NR carrier and LTE carrier(s). ​
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW​
· Other options are not precluded.

Whether to consider the aggregated contiguous carriers for LTE if UE supports it?​
· Option 1: Consider the aggregated contiguous carriers for LTE​
· Option 2: Do not consider the aggregated contiguous carriers for LTE​

Whether to test partial PRB or full PRB for NR carrier, in case the CBW is different in LTE carrier(s) and NR carrier?​
· Option 1: Partial PRB ​
· Option 2: Full PRB

LO position
· [bookmark: _Hlk53433983]Option 1: “LO in middle” (1st priority)​
· Option 2: “LO in middle” and “LO at edge of one CC” (2nd priority)​
· FFS: Channel bandwidth combination for testing​
· FFS: whether some limitations on frequency separation between two CCs should be included in applicability rule for non-contiguous EN-DC



One of the open issues is whether RAN4 limits the LTE carrier to single CC or allows to consider multiple CCs. According to TS38.101-3 Table 5.5B.3-1, several EN-DC combinations consider LTE as CA, e.g., DC_41D_n41A and DC_48D_n48A are defined. We therefore want to consider aggregated LTE carriers at the selection of CBW combination in step 1.

[bookmark: _Ref54101181]Table 3	Summary of different options for CBW combination selection. 
	Option 1
	· Step 1: Select the CBW combinations with smallest CBW difference between the two carriers.
· 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

	Option 2
	· Select the CBW combinations with smallest CBW difference between the two carriers. 
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.

	Option 3
	· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between the two carriers

	Option 4
	· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the (aggregated) BW of LTE carrier(s). If there is no such CBW combination, go to Step 1c.
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between NR carrier and LTE carrier(s)
· Step 1c: select the EN-DC combinations with smallest CBW difference between the NR carrier and LTE carrier(s).



Table 3 summarizes the difference in 4 options. As it is observed, the difference is the procedure if there is no CBW combinations with the same BWs between LTE carrier and NR carrier in step 1. Since the purpose is to verify the performance impact due to the image of LTE carrier(s), it is observed all the options basically propose:
· Select the CBW combinations with smallest CBW difference between NR carrier and LTE carrier(s)
· Select the CBW combinations that the BW of NR carrier is smaller than the (aggregated) BW of LTE carrier(s).
After selecting the CBW combinations, it is observed the all the options do the same procedure: ‘among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW.’
Based on our observation, we propose the following procedure to select the CBW combination (close to option 4):
Proposal 4: Adopt the following procedure to select the CBW combination for intra-band non-contiguous EN-DC power imbalance test.
	Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. If there is no such CBW combination, go to step 1-1. Otherwise go to step 2.
Step 1-1: Select the CBW combinations that the BW of NR carrier is smaller than the BW of (aggregated) LTE carrier(s). Go to step 1-2 if the CBW combination found. If no such a combination, go to step 1-3.
Step 1-2: Among the CBW combinations selected from Step 1-1, select the CBW combinations with the smallest CBW difference between NR carrier and (aggregated) LTE carrier(s). Go to step 2. 
Step 1-3: Select the EN-DC combinations with smallest CBW difference between the NR carrier and (aggregated) LTE carrier(s). Go to step 2.
Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW.



2.3.2	PRB allocation
Since the purpose of power imbalance test in EN-DC is to verify the NR PDSCH performance considering the image of LTE carrier(s), in case the CBW of aggregated LTE carrier(s) is smaller than the CBW of NR carrier, some PRBs in NR PDSCH is not interfered by the image of LTE carrier(s). In our proposal of CBW combination selection procedure, NR carrier BW is configured so that it is equal or smaller than (aggregated) LTE carrier BW. With this procedure, we think the CBW for NR PDSCH should be interfered by LTE carriers in most cases. We therefore propose to consider the full PRB allocation only. This makes the FRC configuration simple. 
Proposal 5: Allocate full PRB for intra-band non-contiguous EN-DC power imbalanced test.
2.3.3	LO location and carrier location
We think LO position is up to UE RF implementation. Considering the single RF chain discussed in the beginning of intra-band non-contiguous EN-DC power imbalanced requirements discussion, it is reasonable to assume the UE sets the LO position in the middle of LTE carrier and NR carrier.
Proposal 6: For intra-band non-contiguous EN-DC test with power imbalance, RAN4 demodulation requirements assume LO is set in the middle of two carriers, but it is up to UE implementation.

2.3.4	Applicability rule
The remaining open issue for applicability rule is whether RAN4 considers the UE capability ‘interBandContiguousMRDC’ or not.
	Test applicability rules​
· Option 1​
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  ​
· power imbalance requirement for intra-band contiguous EN-DC is applied​
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”,  
· power imbalance requirement for intra-band non-contiguous EN-DC is applied​
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”,  
· power imbalance requirement for FR1 intra-band contiguous EN-DC​
· Option 2 ​
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  ​
· power imbalance requirement for intra-band contiguous EN-DC is applied​
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” ​
· power imbalance requirement for intra-band non-contiguous EN-DC is applied​
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” ​
· power imbalance requirement for FR1 intra-band contiguous EN-DC



According to TS36.306 V16.2.0, this UE capability is defined as follows:
	interBandContiguousMRDC
Indicates for an inter-band (NG)EN-DC/NE-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]), that the UE supports intra-band contiguous (NG)EN-DC/NE-DC requirements (see TS 38.101-3 [4]). If the field is absent for such an inter-band (NG)EN-DC/NE-DC combination, the UE supports intra-band non-contiguous (NG)EN-DC/NE-DC requirements.
	BC
	CY
	N/A
	N/A



In our understanding, if UE does NOT indicate interBandContiguousMRDC, then the UE supports intra-band non-contiguous EN-DC requirements for the frequency range of the LTE band is a subset of NR band. One example is the LTE band 42 and NR band n77/n78. As it is specified in TS38.101-3 V16.5.0 Table 5.5B.4.1-1, DC 42+n77 and DC 42+n78 have the following notes: 
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed

	DC_42A_n77A3,4,9,11
DC_42A_n77C3,4,9,11
DC_42C_n77A3,4,9,11
DC_42C_n77C3,4,9,11
DC_42D_n77A3,4,9,11
DC_42D_n77C
DC_42E_n77A3,4,9,11
DC_42E_n77C
	N/A
	N/A

	DC_42A_n77(2A) 3,4,9,11
DC_42C_n77(2A) 3,4,9,11
	N/A
	N/A

	DC_42A_n78A3,4,9,11
DC_42A_n78C3,4,9,11
DC_42C_n78A3,4,9,11
DC_42C_n78C3,4,9,11
DC_42D_n78A3,4,9,11
DC_42D_n78C
DC_42E_n78A3,4,9,11
DC_42E_n78C
	N/A
	N/A

	NOTE 3: 	The minimum requirements apply only when there is non-simultaneous Tx/Rx operation between E-UTRA and NR carriers. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.
NOTE 4: 	The minimum requirements for intra-band contiguous or non-contiguous EN-DC apply. The intra-band requirements also apply for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.
NOTE 9:	The combination is not used alone as fall back mode of other band combinations in which UL in Band 42 is not used.
NOTE 10:	The maximum power spectral density imbalance between downlink carriers is within 6 dB. The power spectral density imbalance condition also applies for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.
NOTE 11:	The minimum requirements for inter-band EN-DC apply when the maximum power spectral density imbalance between downlink carriers is within 6 dB. The power spectral density imbalance condition also applies for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.



In our understanding, NOTE 4 assume the minimum (RF) requirements for the intra-band non-contiguous EN-DC applies to EN-DC of LTE band 42 and NR bands n77/n78 if UE does not indicate interBandContiguousMRDC. Considering TS 38.306 and TS38.101-3, RAN4 should consider the UE capability interBandContiguousMRDC for the applicability of intra-band contiguous/non-contiguous EN-DC power imbalance tests. 
Proposal 7: Set the applicability of EN-DC power imbalance test as follow: 
· If UE supports intra-band contiguous EN-DC only, i.e., if UE does not indicate “intraBandENDC-Support”,
· Power imbalance requirement for intra-band contiguous EN-DC is applied
· If UE supports intra-band non-contiguous EN-DC only, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”,
· Power imbalance requirement for intra-band non-contiguous EN-DC is applied
· If UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”,  
· Power imbalance requirement for intra-band contiguous EN-DC is applied.
3	Summary
Proposal 1: Configure MCS 27 for 2Rx and MCS 28 for 4Rx for intra-band contiguous CA test with power imbalance.
Proposal 2: Apply the following applicability rule for NR intra-band contiguous CA with power imbalance scenario: 
· For FDD CA power imbalance tests, if they are tested with FDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For FDD CA power imbalance tests with 2 DL CCs, test only the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
· For TDD CA power imbalance tests, if they are tested with TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For TDD CA power imbalance tests with 2 DL CCs, test only the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
Proposal 3: Configure MCS 27 for 2Rx and MCS 28 for 4Rx for intra-band contiguous NE-DC test with power imbalance.
Proposal 4: Adopt the following procedure to select the CBW combination for intra-band non-contiguous EN-DC power imbalance test.
	Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. If there is no such CBW combination, go to step 1-1. Otherwise go to step 2.
Step 1-1: Select the CBW combinations that the BW of NR carrier is smaller than the BW of (aggregated) LTE carrier(s). Go to step 1-2 if the CBW combination found. If no such a combination, go to step 1-3.
Step 1-2: Among the CBW combinations selected from Step 1-1, select the CBW combinations with the smallest CBW difference between NR carrier and (aggregated) LTE carrier(s). Go to step 2. 
Step 1-3: Select the EN-DC combinations with smallest CBW difference between the NR carrier and (aggregated) LTE carrier(s). Go to step 2.
Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW.



Proposal 5: Allocate full PRB for intra-band non-contiguous EN-DC power imbalanced test.
Proposal 6: For intra-band non-contiguous EN-DC test with power imbalance, RAN4 demodulation requirements assume LO is set in the middle of two carriers, but it is up to UE implementation.
Proposal 7: Set the applicability of EN-DC power imbalance test as follow: 
· If UE supports intra-band contiguous EN-DC only, i.e., if UE does not indicate “intraBandENDC-Support”,
· Power imbalance requirement for intra-band contiguous EN-DC is applied
· If UE supports intra-band non-contiguous EN-DC only, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”,
· Power imbalance requirement for intra-band non-contiguous EN-DC is applied
· If UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”,  
· Power imbalance requirement for intra-band contiguous EN-DC is applied.
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