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1. Introduction
In RAN4#96-e meeting, UE power imbalance requirements for FR1 CA and EN-DC were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the remaining open issues of FR1 CA and EN-DC power imbalance requirements.
2. Discussion
2.1. FR1 intra-band contiguous CA
Issue 1: Test applicability
Agreement in RAN4#96-e 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.
Proposal 1: Reuse the following applicability rule from LTE CA power imbalance test.
2.2. Intra-band contiguous EN-DC and non-contiguous EN-DC
Issue 2: Channel bandwidth combination for testing
Agreement in RAN4#96-e meeting:
· Test design
· 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

· 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

For the CBW combination method in both intra-band contiguous EN-DC and intra-band non-contiguous EN-DC condition, Option 4 applies to all situations defined in Table 5.3B.1.2-1 and Table 5.3B.1.3-1 in TS 38.101-3[2], which are the EN-DC configurations and bandwidth combination sets for intra-band contiguous EN-DC and non-contiguous EN-DC.
Proposal 2: For CBW combination method for intra-band contiguous EN-DC and intra-band non-contiguous EN-DC

· 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
About the issue of whether to consider the aggregated contiguous carriers for LTE if UE supports it, in our opinion, if we consider the aggregated contiguous carriers for LTE, the CBW of aggregated LTE carriers will be same with the NR carrier, and we need not to further discuss the LO position and how to locate the test RBs for many EN-DC configurations such as DC_(n)41CA and DC_(n)41DA. Besides, we can also test larger aggregated CBW by this way.

Proposal 3: Consider the aggregated contiguous carriers for LTE if UE supports it

Regarding to the issue of LO position, there are two options: 

· Option 1: “LO in middle”

· Option 2: “LO in middle” and “LO at edge of one CC”
For the case of “LO in middle”, we can define an agnostic method of test RBs location for both intra-band contiguous EN-DC and non-contiguous EN-DC. For the case of “LO at edge of one CC”, firstly, if we want to test the power imbalance impact to NR carrier, then the limitations on frequency separation between two CCs must be included in applicability rule. If this case is needed, we propose that the separation should be much smaller than the minimum of the BW of two CCs. Secondly, as shown in figure 1, how to put the test RBs is depended on LO location (LO at edge of LTE CC or NR CC) and the relative position between LTE CC and NR CC. In case 1 and case 2, the test RBs should be located on the highest part of NR carrier, in case 3 and case 4, the test RBs should be located on the lowest part of NR carrier. Since we do not know the UE capability of LO position during the test, then we cannot reach an agnostic method about how to locate the test RBs. Finally, considering the test applicability rules, it has been agreed that when UE supports both intra-band contiguous and non-contiguous EN-DC, power imbalance requirement for FR1 intra-band contiguous EN-DC applies. Since UE supporting intra-band contiguous EN-DC is more typical, we think that define the only “LO in middle” case is acceptable. 
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Figure 1 The test RBs location
Proposal 4: We support Option 1, considering only “LO in middle”
Proposal 5: For intra-band non-contiguous EN-DC, if “LO at edge of one CC” is considered, then the separation between two CCs should be much smaller than the minimum of the CBW of two CCs.
Regarding to the issue of test partial PRBs or full PRBs for NR carrier, in case the CBW is different in LTE carrier(s) and NR carrier. In our view, if UE is tested in intra-band contiguous EN-DC or intra-band non-contiguous EN-DC with LO in the middle of CBW combination, we think this is depended on the CBW of LTE carrier(s) and NR carrier. If the CBW of LTE carrier(s) is larger than NR carrier, then we should test full PRBs, or else we should test partial PRBs, where test PRBs on NR carrier and LTE carrier are symmetric about the LO position. If UE is tested in intra-band non-contiguous EN-DC with LO at the edge of one CC, we should test partial PRBs. In this case, after symmetry with LO position, the bandwidth of tested PRBs can be covered by LTE carrier(s).
Proposal 6: 
In intra-band contiguous EN-DC or intra-band non-contiguous EN-DC with LO in the middle of CBW combination:

· when the CBW of LTE carrier(s) is larger than NR carrier, test full PRBs;

· when the CBW of LTE carrier(s) is smaller than NR carrier, test partial PRBs, where test PRBs on NR carrier and LTE carrier are symmetric about the LO position.
In intra-band non-contiguous EN-DC with LO at the edge of one CC(if needed)

· test partial PRBs, where the bandwidth of tested PRBs can be covered by LTE carrier(s) after symmetry with LO position.

3. Conclusion

In this contribution, we further discuss the remaining open issues of FR1 CA and EN-DC power imbalance requirements. The proposals are:
Proposal 1: Reuse the following applicability rule from LTE CA power imbalance test.
Proposal 2: For CBW combination method for intra-band contiguous EN-DC and intra-band non-contiguous EN-DC

· 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
Proposal 3: Consider the aggregated contiguous carriers for LTE if UE supports it
Proposal 4: We support considering only “LO in middle”
Proposal 5: For intra-band non-contiguous EN-DC, if “LO at edge of one CC” is considered, then the separation between two CCs should be much smaller than the minimum of the CBW of two CCs.

Proposal 6: 
In intra-band contiguous EN-DC or intra-band non-contiguous EN-DC with LO in the middle of CBW combination:

· when the CBW of LTE carrier(s) is larger than NR carrier, test full PRBs;

· when the CBW of LTE carrier(s) is smaller than NR carrier, test partial PRBs, where test PRBs on NR carrier and LTE carrier are symmetric about the LO position.
In intra-band non-contiguous EN-DC with LO at the edge of one CC(if needed)

· test partial PRBs, where the bandwidth of tested PRBs can be covered by LTE carrier(s) after symmetry with LO position.
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