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1. Introduction
At the last RAN4 meeting, we discussed CA and EN-DC power imbalance requirements. RAN4 agreed a WF [1]. This contribution presents our views on power imbalance requirements.
2. Discussion
2.1. Intra-band non-contiguous EN-DC in FR1
Test applicability rules
In RAN4 #96e, RAN4 agreed the following sentence regarding the test applicability rules for intra-band non-contiguous EN-DC [1], [2].  For information, we have submitted a R4-2014883 in RF agenda, please refer to it. 
	· 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
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).



Observation 1: Consider following option for test applicability
· 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
2.2. Intra-band contiguous EN-DC and non-contiguous EN-DC in FR1
LO position
In RAN4 #96e, RAN4 agreed the following sentence regarding LO position and priority [1]. 
	· 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



We understand that considering both “LO in middle” and “LO at edge of one CC” as the LO position (i.e. Option 2) makes the test more meaningful. On the other hand, as RAN4 discussed in the previous meeting, there is a common understanding that “LO in middle” is more typical case than “LO at edge of one CC”.  In addition, we think it will be difficult to cover all possible cases and make the conclusion until RAN4 #97e. Therefore, to complete this discussion, we prefer to focus on “LO in middle” first. 
Proposal 1: Consider following option for LO position first
· LO position
· Option 1: “LO in middle” (1st priority)

Channel bandwidth combination for testing of Intra-band contiguous and non-contiguous EN-DC 
Assuming “LO in middle”, we can consider the following Rx image. Figure 1 shows the intra-band contiguous EN-DC case and Figure 2 shows the intra-band non-contiguous EN-DC. 
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Figure 1: Rx image pattern of intra-band contiguous EN-DC
[image: ]
Figure 2: Rx image pattern of intra-band non-contiguous EN-DC

Referring to the Figure 1 and Figure 2, the following observations can be considered.
Observation 2: Rx image from LTE carrier can be observed properly in NR CBW in case of NR CBW = LTE CBW (Case 1, 4).
Observation 3: Rx image from LTE carrier can be observed properly in NR CBW in case of NR CBW < LTE CBW (Case 2a, 2b, 5a, 5b). 
Observation 4: In case NR carrier frequency is higher than LTE carrier frequency and also NR CBW > LTE CBW, Rx image from LTE carrier can be observed as same size as the LTE CBW at the highest part of NR carrier. (Case 3a, 6a). 
Observation 5: In case NR carrier frequency is lower than LTE carrier frequency and also NR CBW > LTE CBW, Rx image from LTE carrier can be observed as same size as the LTE CBW at the lowest part of NR carrier. (Case 3b, 6b). 
Observation 6: Observation 2, 3, 4 and 5 can be applied for both intra-band contiguous EN-DC and non-contiguous EN-DC.
From above observations and the Email discussion summary [3], we propose the following test procedure. 
Proposal 2: Define the following test procedure for intra-band contiguous and non-contiguous EN-DC
Step 1: Select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. Test RBs should be allocated with full NR CBW. 
Step 2: If there is no such CBW combination, go to Step 2a.
Step 2a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier (single carrier or aggregated contiguous carriers). Test RBs should be allocated with full NR CBW. If there is no such CBW combination, go to Step 2b.
Step 2b: Select the CBW combinations with smallest CBW difference between the NR carrier and LTE carrier (single carrier or aggregated contiguous carriers). 
・In case NR carrier frequency is higher than LTE carrier frequency, test RBs should be allocated as same size as the LTE CBW from the edge of the highest part of NR carrier.
・In case NR carrier frequency is lower than LTE carrier frequency, test RBs should be allocated as same size as the LTE CBW from the edge of the lowest part of NR carrier.
Step 3: Among the CBW combinations selected from Step 1 to 2, select the EN-DC combination with the largest aggregated CBW.
For information, RAN4 has already discussed whether the single RF chain can be assumed in intra-band non-contiguous EN-DC or not, and the following sentence was agreed in RAN4 #95e [4].  
	For intra-band non-contiguous EN-DC
· The possibility of using single RF chain to receive two non-continuous carriers in co-located scenario cannot be precluded.



Observation 7: The possibility of using single RF chain to receive two non-continuous carriers in co-located scenario cannot be precluded.
2.2. EN-DC power imbalance CR 
We have submitted a CR (R4-2015318) in RAN4#97e. The following table shows the main changes from Draft CR (R4-2012697) [5] and the reason for the change. However, we are fine to discuss further to make CR better. 

Table1: The main changes from Draft CR (R4-2012697) and the reason for the change
	The main changes from Draft CR (R4-2012697)
	The reason for the change

	We add the applicability of requirement.
	To reflect the agreement of this WI in TS38.101-4.

	We add a sentence to “Bandwidth (MHz)” column of the table of performance requirements.
	Considering the E-mail discussion in RAN4#96e, RAN4 needs to define a test procedure for selecting the BW used for the test. Thus, we add “Channel bandwidth from selected EN-DC combination” to “Bandwidth (MHz)” column.

	We remove the “Reference channel” column from the table of performance requirements.
	This test uses a fixed MCS value, but the CBW and the number of allocated RBs depends on the UE.  Since it is not practicable to cover all cases, we believe it is better not to introduce the FRC as in the SDR test. 

	We add the value of “Power at Antenna Port in dBm/Hz”.
	From Section 4.4.4.2 in TS38.101-4, RAN4 agreed that a fixed Es power level of -112 dBm/Hz shall be used for all operating bands in FR1. Thus, we add -112dBm/Hz to SCG CC and -106dBm/Hz to MCG CC. 

	We add the Intra-band non-contiguous EN-DC requirements.
	To reflect the agreement of this WI in TS38.101-4.




Proposal 3 Apply the changes listed in the table below to CR

Table1: The main changes from Draft CR (R4-2012697) and the reason for the change
	The main changes from Draft CR (R4-2012697)
	The reason for the change

	We add the applicability of requirement.
	To reflect the agreement of this WI in TS38.101-4.

	We add a sentence to “Bandwidth (MHz)” column of the table of performance requirements.
	Considering the E-mail discussion in RAN4#96e, RAN4 needs to define a test procedure for selecting the BW used for the test. Thus, we add “Channel bandwidth from selected EN-DC combination” to “Bandwidth (MHz)” column.

	We remove the “Reference channel” column from the table of performance requirements.
	This test uses a fixed MCS value, but the CBW and the number of allocated RBs depends on the UE.  Since it is not practicable to cover all cases, we believe it is better not to introduce the FRC as in the SDR test. 

	We add the value of “Power at Antenna Port in dBm/Hz”.
	From Section 4.4.4.2 in TS38.101-4, RAN4 agreed that a fixed Es power level of -112 dBm/Hz shall be used for all operating bands in FR1. Thus, we add -112dBm/Hz to SCG CC and -106dBm/Hz to MCG CC. 

	We add the Intra-band non-contiguous EN-DC requirements.
	To reflect the agreement of this WI in TS38.101-4.



3. Conclusion
In this contribution, we present our views on FR1 power imbalance requirements. Our proposals and observations are summarized below.
Observation 1: Consider following option for test applicability
· 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
Proposal 1: Consider following option for LO position first
· LO position
· Option 1: “LO in middle” (1st priority)
Observation 2: Rx image from LTE carrier can be observed properly in NR CBW in case of NR CBW = LTE CBW (Case 1, 4).
Observation 3: Rx image from LTE carrier can be observed properly in NR CBW in case of NR CBW < LTE CBW (Case 2a, 2b, 5a, 5b). 
Observation 4: In case NR carrier frequency is higher than LTE carrier frequency and also NR CBW > LTE CBW, Rx image from LTE carrier can be observed as same size as the LTE CBW at the highest part of NR carrier. (Case 3a, 6a). 
Observation 5: In case NR carrier frequency is lower than LTE carrier frequency and also NR CBW > LTE CBW, Rx image from LTE carrier can be observed as same size as the LTE CBW at the lowest part of NR carrier. (Case 3b, 6b). 
Observation 6: Observation 2, 3, 4 and 5 can be applied for both intra-band contiguous EN-DC and non-contiguous EN-DC
Proposal 2: Define the following test procedure for intra-band contiguous and non-contiguous EN-DC
Step 1: Select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. Test RBs should be allocated with full NR CBW. 
Step 2: If there is no such CBW combination, go to Step 2a.
Step 2a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier (single carrier or aggregated contiguous carriers). Test RBs should be allocated with full NR CBW. If there is no such CBW combination, go to Step 2b.
Step 2b: Select the CBW combinations with smallest CBW difference between the NR carrier and LTE carrier (single carrier or aggregated contiguous carriers). 
・In case NR carrier frequency is higher than LTE carrier frequency, test RBs should be allocated as same size as the LTE CBW from the edge of the highest part of NR carrier.
・In case NR carrier frequency is lower than LTE carrier frequency, test RBs should be allocated as same size as the LTE CBW from the edge of the lowest part of NR carrier.
Step 3: Among the CBW combinations selected from Step 1 to 2, select the EN-DC combination with the largest aggregated CBW.
Proposal 3 Apply the changes listed in the table below to CR

Table1: The main changes from Draft CR (R4-2012697) and the reason for the change
	The main changes from Draft CR (R4-2012697)
	The reason for the change

	We add the applicability of requirement.
	To reflect the agreement of this WI in TS38.101-4.

	We add a sentence to “Bandwidth (MHz)” column of the table of performance requirements.
	Considering the E-mail discussion in RAN4#96e, RAN4 needs to define a test procedure for selecting the BW used for the test. Thus, we add “Channel bandwidth from selected EN-DC combination” to “Bandwidth (MHz)” column.

	We remove the “Reference channel” column from the table of performance requirements.
	This test uses a fixed MCS value, but the CBW and the number of allocated RBs depends on the UE.  Since it is not practicable to cover all cases, we believe it is better not to introduce the FRC as in the SDR test. 

	We add the value of “Power at Antenna Port in dBm/Hz”.
	From Section 4.4.4.2 in TS38.101-4, RAN4 agreed that a fixed Es power level of -112 dBm/Hz shall be used for all operating bands in FR1. Thus, we add -112dBm/Hz to SCG CC and -106dBm/Hz to MCG CC. 

	We add the Intra-band non-contiguous EN-DC requirements.
	To reflect the agreement of this WI in TS38.101-4.
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