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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN 4 95-e meeting, the WF [1]   was approved. In this paper, we will give our discussion on remaining details about UE power imbalance requirements for FR1 CA and EN-DC.
Discussion
[bookmark: OLE_LINK8]FR1 intra-band contiguous CA
Channel bandwidth combination & PDSCH RB allocation
The options are listed as follows:
	· 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.
· [bookmark: OLE_LINK3]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 2a, the method applies only to the situation that LO is placed on the middle of the CBW which depends on UE implantation. 
Option 2b will lead the situation that much maintenance work are needed if more CA configuration with no same BWs are introduced in future releases.
Option 3:  According to our previous experience, bandwidth size has limit impact on the performance. We are OK to define bandwidth agnostic requirements.
Compared with the three options, option 3 may be simplest for test applicability and has no drawbacks. We prefer to use option 3.
Another topic is test approach. The agreements of last meeting are shown as follows: 
	For FR1 intra-band contiguous CA
· 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
· [bookmark: OLE_LINK4]In step 1, 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?


From our understanding, no matter the location of LO is at the boundary of two CCs or at the middle of the whole bandwidth, only the CC with smaller bandwidth will be interfered fully. 
As described in figure 1, when the location of LO is at the middle of the whole bandwidth the CC with larger bandwidth will be interfered partially which has large impact on test. We prefer to use smaller CBW to test if there is no CBW combinations with the same BWs in each carrier. 
[image: ]
Figure 1: Interference of two CC when LO location is at middle of BW.
[bookmark: OLE_LINK7]Proposal 1: Define the requirements as bandwidth agnostic way (full PDSCH RB allocation) with following test 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 CA combination with largest aggregated CBW
MCS
The options are listed as follows:
	· 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


256 QAM is optional for UE, we are OK to use 64 QAM. But according to the simulation results in [2], even if the margin of 3dB has been considered and SNR is set to 16dB, the relative throughput is still 100% with the highest MCS. If we use 85% relative throughput as test metric, we think the requirements for UE are loose. However, in order to make the relative throughput of UE close to 85% as much as possible, we are OK to use 3dB margin and highest MCS with 64QAM.
Proposal 2: Use 3dB of margin (Simulating at 16dB), highest MCS with 64QAM.
[bookmark: OLE_LINK9]For intra-band contiguous EN-DC
SCS
The options are listed as follows:
	· SCS
· FDD: 15kHz
· TDD:
· Option 1: 30kHz
· Option 2: 15kHz and 30kHz
· Test #2a: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz
· Test #2b: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz


We support option 1. TDD 30 kHz is mandatory for UE. It is unnecessary to define requirements with both 15 kHz and 30 kHz.
Proposal 3: For TDD, use SCS 30 kHz.
Test applicability rules
The options are listed as follows:
	· 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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We support option 1 since RAN4 agreed that some inter-band EN-DC combinations like B42-n77 are treated as "intra-band EN-DC". It has been emphasized in TS 38.306:
Proposal 4: For test applicability rules, use option 1.
	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.


Test approach for intra-band continuous EN-DC
We prefer to reuse the test approach of CA. However, only requirements for NR CC should be tested, as analysed in section 2.1,  the BW of NR CC should be smaller than LTE CC.  So we give our proposals as follows:
[bookmark: OLE_LINK10]Proposal 5: Define the requirements as bandwidth agnostic way (full PDSCH RB allocation) with following test 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 CBW of NR carrier must be smaller than LTE carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
Conclusion
FR1 intra-band contiguous CA:
Proposal 1: Define the requirements as bandwidth agnostic way (full PDSCH RB allocation) with following test 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 CA combination with largest aggregated CBW
Proposal 2: Use 3dB of margin (Simulating at 16dB), highest MCS with 64QAM.
For intra-band contiguous EN-DC:
Proposal 3: For TDD, use SCS 30 kHz.
Proposal 4: For test applicability rules, use option 1.
Proposal 5: Define the requirements as bandwidth agnostic way (full PDSCH RB allocation) with following test 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 CBW of NR carrier must be smaller than LTE carrier.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
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