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1. Introduction

In RAN4 #96e meeting, the way forward on UE power imbalance requirements for FR1 CA and EN-DC was approved in [1], with the following additional agreements captured in the Chairman notes:

· SCS for TDD EN-DC power imbalance

· Option 1: 30kHz

· Option 2: 15kHz and 30kHz 

Agreement: option 1
· Test applicability and special inter-band EN-DC

Agreement: Companies are encouraged to further check this scenario in RF agenda in next meeting, with the confirmation in RF part, we can introduce requirements for such case (option 1).

The contribution discusses the remaining open test parameters.
2. Discussion on FR1 intra-band contiguous CA
2.1
MCS

The following agreement on MCS was reached in the last meeting:

· Modulation order: 64QAM for 2Rx and 4Rx
· MCS
· Option 1: MCS 27 for 2Rx, MCS 28 for 4Rx
· Option 2: MCS 25 for 2Rx
We proposed to use option 1 in the previous meetings, and our view is unchanged. Our analysis to RAN4 #96e is re-presented below:

Considering a total margin (including impairment margin and extra margin) of 3dB, the ideal simulation results at 16dB SNR are given in Table 1, in order to check the throughput for different code rates of 64QAM. 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 1: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
2.2
Applicability rule
The following applicability rule was considered in the last meeting:

· 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.
We support to reuse the option 1 from LTE CA power imbalance test.
Proposal 2: 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.
3. Discussion on intra-band contiguous and non-contiguous EN-DC
3.1
CBW combination for testing
For intra-band contiguous and non-contiguous EN-DC, the channel bandwidth combination for testing was extensively discussed in the last meeting, with a few options listed and a few checking points identified:
· 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
· 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
· 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
Firstly, we are ok to consider aggregated contiguous carriers for LTE if UE supports it, which will help to find the EN-DC configurations with the same or similar channel bandwidth between LTE and NR carriers in some cases. In addition, since only the NR carrier will be tested, the additional test complexity is not obvious.
Secondly, we are ok to consider the partial PRB for NR carrier, since it does make sense when the CBW of the NR carrier is much larger than the LTE carrier.

Thirdly, we are ok to prioritize the case with LO in the middle, with the intention to cover the most typical case.

Based on the above analysis, our preference is to use Option 4 + partial RB.

Proposal 3: For the CBW combination for testing, use Option 4 + partial RB.
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:
Observation 1: Based on our simulation results, 100% relative throughput can be achieved for 1T2R with MCS 27 and 1T4R with MCS 28.
Proposal 1: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
Proposal 2: 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.
On FR1 intra-band contiguous and non-contiguous EN-DC:
Proposal 3: For the CBW combination for testing, use Option 4 + partial RB. 
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