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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4#96-e meeting, the WF[1] was approved still with some open issues left, in this paper, we further share our views on those remaining open issues about UE power imbalance requirements for FR1 CA and EN-DC.
Discussion
[bookmark: OLE_LINK8]FR1 intra-band contiguous CA
Channel bandwidth combination for defining performance requirements
	· Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations, and define bandwidth agnostic requirements.	Comment by Huawei-RAN4#97e: What is the generic methodology?	Comment by Huawei-RAN4#97e: 


It is agreed to define bandwidth agnostic requirements, in such case, no specific bandwidth will be specified for performance requirements definition that are applicable for all feasible bandwidth defined by RAN4 in TS 38.101-1. Also no specific FRC needs to be defined, because all information listed in FRC can be derived by following the formula defined in TS 38.214. we are not sure if this is the common understanding.
MCS
The options are listed as follows:
	· Modulation order: 64QAM for 2Rx and 4Rx
· MCS
· Option 1: MCS 27 for 2Rx, MCS 28 for 4Rx 
· Option 2: MCS 25 for 2Rx 



As per the previous agreements about the test parameters setting:
Table 1: Simulation assumptions for FR1 intra-band contiguous CA power imbalance
	Parameters
	Value

	Duplex mode 
	Case #1: FDD+FDD CA w/ 15kHz SCS
Case #2: TDD+TDD CA w/ 30kHz SCS

	TDD pattern
	7D1S2U(S=6d4s4u)

	PDSCH configurations
	Mapping type: Type A
K0: 0
PRB bundling size: WB

	PDSCH RB allocation
	Full RB allocation

	PDSCH DMRS configurations
	DMRS type: Type 1
Number of additional DMRS: 1 (i.e., 1+1)

	MCS
	Modulation order: 64QAM for 2Rx and 4Rx
MCS: 
Option 1: MCS 27 for 2Rx, MCS 28 for 4Rx
Option 2: MCS 25 for 2Rx

	Max number of HARQ transmission
	1 (RV = {0})

	PDCCH allocation
	Symbol #0 and #1

	MIMO configuration
	1x2 and 1x4

	Propagation condition
	Static propagation condition without external noise

	Precoding configuration
	SP Type I, Random per slot with PRB bundling granularity

	Power difference between two CCs
	6 dB



[bookmark: OLE_LINK17]We ran related simulations with simulation results as shown below:
Table 2: Ideal simulation results
	MCS
	27
	28

	1T2R
	15.48
	17.48

	1T4R
	12.62
	14.57



With 3dB margin, the impairment simulation results are shown as follows:
Table 3: Impairment simulation results
	MCS
	27
	28

	1T2R
	18.48
	20.48

	1T4R
	15.62
	17.57



From the simulation results, we can observe that SNR operating point for MCS 27 is close to 19dB for 1T2R and SNR operating point for MCS 28 is close to 19dB for 1T4R, Option 1 is feasible to use.
Proposal 1: Use MCS 27 for 1T2R and MCS 28 for 1T4R with MCS table 64QAM.
Applicability rule
	· 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.


As per the objectives in WID RP-200472, intra-band contiguous 2CC CA with 6dB power imbalance is assumed, also LTE only consider CA_C scenario, no need to consider intra-band contiguous CA with more than 2 CCs.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 2: Option 1, reuse test applicability rule of LTE CA power imbalance test
[bookmark: OLE_LINK9]For intra-band contiguous EN-DC and non-contiguous EN-DC
SCS
As per the GTW meeting, Option 1 of TDD 30kHz SCS is agreed, but still open options are captured in the approved WF [1], here we would like to further confirm the agreement.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal 3: For TDD, use SCS 30 kHz
Channel bandwidth combination for testing
	· Channel bandwidth combination for testing
· 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



As discussed in last meeting, we do not think that it is necessary to consider LTE CA case, i.e. compare the bandwidth of NR carrier with the aggregated bandwidth of LTE carriers. If UE supports more than 2 aggregated carriers, i.e. CA or DA bandwidth class combination, it definitely supports AA bandwidth class combination, only consider EN-DC with 2 CC, one for LTE and another for NR, for testing is enough, i.e. same test applicability rule as stated in Option 1 by following LTE CA power imbalance test. RAN4 has agreed to test NR carrier only for EN-DC scenario, the LTE carrier is just used for test setup, no performance difference by using LTE single carrier and aggregated contiguous carrier under the agreement to define bandwidth agnostic requirements for EN-DC power imbalance. Also the test setup cost will be increased by using aggregated contiguous LTE carrier for test without any essential meaning for checking NR carrier image rejection requirements. Based on this and the bandwidth of NR carrier is larger than or equal to that of LTE carrier as per Table 5.3B.1.2-1 and Table 5.3B.1.3-1 in TS 38.101-3, we would like to update Option 3 as following:
·  Step 1: First select the CBW combinations with the same BWs between LTE carrier and NR carrier. If there is no such CBW combination, go to Step 1a, otherwise Step 2.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier and with the smallest CBW difference between the NR carrier and LTE carrier. If there is no such CBW combination, go to step 1b.
· Step 1b: Select the EN-DC combination with the smallest CBW difference between the NR carrier and LTE carrier
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW

Proposal 4: Not consider the aggregated contiguous carrier for LTE
Proposal 5: Adopt the following methodology for selection of channel bandwidth combination for testing
· Step 1: First select the CBW combinations with the same BWs between LTE carrier and NR carrier. If there is no such CBW combination, go to Step 1a, otherwise Step 2.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier and with the smallest CBW difference between the NR carrier and LTE carrier. If there is no such CBW combination, go to step 1b.
· Step 1b: Select the EN-DC combination with the smallest CBW difference between the NR carrier and LTE carrier
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW

In case the CBW between LTE carrier and NR carrier is different, if the NR carrier is larger than LTE carrier, considering the typical LO position, i.e. LO in middle, only partial PRB of NR carrier that is same PRB as LTE carrier will be impacted; if NR carrier is smaller than LTE carrier, full PRB of NR carrier should be tested.
[bookmark: OLE_LINK22]Proposal 6: Partial PRB for NR carrier can be considered if CBW of NR carrier is larger than that of LTE carrier; otherwise full PRB of NR carrier should be tested.
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
· 


From the minimum performance requirement point of view, typical LO position, LO in middle, should be considered. Considering different UE implementation, LO position is uncertain, it is difficult to limit the LO at the edge of one CC.
Proposal 7: Only consider “LO in middle” for test.
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
· [bookmark: OLE_LINK19]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


From NOTE 4 in Table 5.5B.4.1-1, inter-band EN-DC combinations like B42-n77 and B42-n78, LTE Band 42 is subset of NR Band n77 and n78:
[image: ]
RF minimum requirements for intra-band contiguous or non-contiguous EN-DC apply, from this, they can be treated as intra-band EN-DC, related UE capability interBandContiguousMRDC is also defined in TS 38.306:
	[bookmark: OLE_LINK18]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.


From the explanation highlighted in yellow, we can conclude that UE supporting interBandContiguousMRDC should also support intra-band contiguous or non-contiguous EN-DC, separate consideration only support interBandContiguousMRDC is not realistic scenario.
By only considering single LTE carrier, maximum 20MHz channel bandwidth for LTE Band 42 and 100MHz channel bandwidth for n77 and n78, there will be 80MHz CBW difference between them, as per the discussed options on table for selection of channel bandwidth combination for testing, it is almost impossible to select such EN-DC combination for either intra-band contiguous EN-DC or non-contiguous EN-DC testing.
[bookmark: OLE_LINK21]Proposal 8: Not consider case of only support interBandContiguousMRDC, adopt option 2 for test applicability rule of intra-band EN-DC power imbalance requirements testing.
[bookmark: OLE_LINK10]
Conclusion
For FR1 intra-band contiguous CA:
Proposal 1: Use MCS 27 for 1T2R and MCS 28 for 1T4R with MCS table 64QAM.
[bookmark: _GoBack]Proposal 2: Option 1, reuse test applicability rule of LTE CA power imbalance test

For intra-band EN-DC:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 3: For TDD, use SCS 30 kHz
Proposal 4: Not consider the aggregated contiguous carrier for LTE
Proposal 5: Adopt the following methodology for selection of channel bandwidth combination for testing
· Step 1: First select the CBW combinations with the same BWs between LTE carrier and NR carrier. If there is no such CBW combination, go to Step 1a, otherwise Step 2.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier and with the smallest CBW difference between the NR carrier and LTE carrier. If there is no such CBW combination, go to step 1b.
· Step 1b: Select the EN-DC combination with the smallest CBW difference between the NR carrier and LTE carrier
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW
Proposal 6: Partial PRB for NR carrier can be considered if CBW of NR carrier is larger than that of LTE carrier; otherwise full PRB of NR carrier should be tested.
Proposal 7: Only consider “LO in middle” for test.
Proposal 8: Not consider case of only support interBandContiguousMRDC, adopt option 2 for test applicability rule of intra-band EN-DC power imbalance requirements testing.
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