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1. Introduction

In RAN4 #94e 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 for FR1 CA.
2. Discussion
Channel bandwidth:
There are two options on channel bandwidth:

· 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
· 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.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations 
· Methodology of Option 3 is to be clarified.
For option 2, the intention is trying to apply the same set of requirements for different CA configurations. But with partial PRBs tested in option 2, there is potential issue that the image will not be observed at the UE side, as pointed out in [2]. So, we will not insist on option 2.

For option 3, some details can be found in [2], such as: consider selection of CBW combination with the largest aggregated channel bandwidth; Test setup is rather close to SDR and simulation alignment for all CBW combinations is not needed and we can just select any supported by UE CBW combination.

It seems that the main issue for option 3 is whether bandwidth agnostic requirements can be applied. 
Let us look at the summary of FR1 normal PDSCH CA simulation results in [3] and [4]. 5 companies provided simulation results in the summary, and it is seen 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 here the 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 would be lower than that for normal PDSCH CA test.
So, one candidate solution for option 3 is: decide the MCS based on the simulation results for 100MHz CBW, apply the same MCS for the requirements for different CBW combinations, and select the CBW combination with the largest aggregated channel bandwidth for testing.
Propose 1: One candidate solution for option 3 of channel bandwidth combination:

· Decide the MCS based on the simulation results for 100MHz CBW
· Apply the same MCS for the requirements for different CBW combinations
· Select the CBW combination with the largest aggregated channel bandwidth for testing
MIMO configuration:

Three options on MIMO configuration were proposed in the last meeting:

· Option 1: 2x2 and 2x4
· Option 2: 1x2 and 1x4
· Option 3: Simulation is needed 
· Further evaluate the throughput at 19dB SNR point
Since rank 1 and static propagation condition are assumed in the test, the additional benefit by using 2Tx is not so obvious, and option 2 with 1Tx is preferred in order to simplify the test setup.

Propose 2: For MIMO configuration, option 2 with 1x2 and 1x4 is preferred in order to simplify the test setup.
PRB bundling size:

Two options on PRB bundling size were proposed in the last meeting:

· Option 1: WB

· Option 2: 2 PRBs
We have no strong view on the two options. Option 1 is slightly preferred, if it is agreed to use 1 Tx.
Propose 3: Option 1 with WB PRB bundling is slightly preferred, if it is agreed to use 1 Tx.
MCS:
The following options on MCS were proposed in the last meeting:

· Simulation is needed 
· Option A: use different MCSs for 2Rx and 4Rx
· Option B: use same MCS for 2 Rx and 4 Rx
According to the discussion in the last meeting, we need to evaluate the throughput at 19dB SNR point. Meanwhile, considering the 2 dB impairment margin and 0.8 dB extra margin for 64QAM, in the following, we will evaluate the throughput at 16dB SNR in the simulation.

In the simulation, 1Tx and WB PRB bundling are assumed. In addition, to confirm whether bandwidth agnostic requirements can be applied, we run simulation for the minimal and maximal channel bandwidths for each SCS. The relative throughput for 1T2R with MCS 27 and 1T4R with MCS 28 are given in Table 1.
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.
Propose 4: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
3. Conclusion
This contribution discussed the CA power imbalance requirements, with the following proposals:
Propose 1: One candidate solution for option 3 of channel bandwidth combination:

· Decide the MCS based on the simulation results for 100MHz CBW
· Apply the same MCS for the requirements for different CBW combinations
· Select the CBW combination with the largest aggregated channel bandwidth for testing
Propose 2: For MIMO configuration, option 2 with 1x2 and 1x4 is preferred in order to simplify the test setup.
Propose 3: Option 1 with WB PRB bundling is slightly preferred, if it is agreed to use 1 Tx.
Observation 1: Based on our simulation results, 100% relative throughput can be achieved for 1T2R with MCS 27 and 1T4R with MCS 28.
Propose 4: Use MCS 27 for 2Rx and MCS 28 for 4Rx.
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