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Introduction
In previous meeting, RAN4 discussed the Rx requirements for Type 2 UE. Based on the approved WF [1], the following options are listed to further study the DL carrier power imbalance.
· Agree on REFSENS requirement for 19dB DL carrier power imbalance at the worst-case frequency offset.
· Option 1:	[0]dB 
· Option 2:	[0.5-1]dB
· Option 3:	Other values are not precluded.
· Further study for impact on RX requirements for a larger range [19-30]dB DL carrier power imbalance
· Further refine the DL carrier power imbalance test point.
· Study impact on REFSENS
· Up to 14dB relaxation for 30dB DL carrier power imbalance from [1] at the worst-case frequency offset
· Study relaxation for 25dB DL carrier power imbalance from [4]
· Study relaxation Vs frequency offset of other CG for larger DL carrier power imbalance.
· [FFS] impact on other RX requirements.
In this paper, we’d like to discuss this topic and provide our opinions.
Discussion
[bookmark: OLE_LINK96]In Rel-16, a new capability interBandMRDC-WithOverlapDL-Bands-r16 was added, which is used to distinguish different kinds of UE for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands, e.g. DC_20_n28 and DC_42_n77. The detailed descriptions are listed as below.
	[bookmark: OLE_LINK71][bookmark: OLE_LINK72]interBandMRDC-WithOverlapDL-Bands-r16
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Indicates the UE supports FDD-FDD or TDD-TDD inter-band (NG)EN-DC/NE-DC operation with overlapping or partially overlapping DL bands with an (NG)EN-DC/NE-DC MRTD according to clause 7.6.2/7.6.5 in 38.133 [5] and inter-band RF requirements (i.e Type 2 UE). If the capability is not reported, the UE supports FDD-FDD or TDD-TDD inter-band operation with overlapping or partially DL bands with (NG)EN-DC/NE-DC MRTD<3us according to clause 7.6.3 in 38.133 [5] and intra-band RF requirements (i.e. Type 1 UE).
	BC
	No
	N/A
	FR1 only


For UE not indicating this capability, the minimum requirements for inter-band EN-DC apply when the maximum power spectral density imbalance between downlink carriers contained in overlapping or partially overlapping DL bands is within 6 dB.
On the other hand, for UE indicating this capability, there is no restrictions for the power imbalance based on the current specification. However, RAN4 need to consider requirements to ensure performance with larger received PSD differences (than 6 dB for Type 1) between inter-band with shared DL spectrum cell groups.
According to urban macro channel model [2], the path loss is shown as below.


Generally, the minimum distance between BS and UE is assumed as 35m. The inter-site distance can be assumed as 500m. It is evaluated that the difference of two path loss is about 25dB at least.
[bookmark: OLE_LINK84]Observation 1: At least 25dB power imbalance should be considered for type 2 UE Rx requirements considering the network deployment.
[bookmark: OLE_LINK83]Considering other factors, the power imbalance is larger than 25dB. Thus, it’s proposed to specify 30 dB power imbalance.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Proposal 1: To specify 30 dB power imbalance for type 2 UE Rx requirements.
[bookmark: OLE_LINK92]In order to meet different deployments, the worst case can be specified. So two DL carriers should place as close as possible.
[bookmark: OLE_LINK87][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Proposal 2: To place two DL carriers as close as possible.
Referring to the ACS requirements and the analysis [3], 14dB REFSENS relaxation can be also considered. This power imbalance requirements for type 2 UE focus on the power imbalance. That means we don’t have to set 0 relaxation REFSENS requirements.
[bookmark: OLE_LINK102]Proposal 3: To specify the power imbalance requirements for Type 2 UE as below.
Power imbalance requirement for type 2 UE which is indicated by capability interBandMRDC-WithOverlapDL-Bands-r16 is a measure of a receiver’s ability to receive LTE and NR signals with 30dB power imbalance under the conditions that channel bandwidths for LTE and NR are same and two DL carriers are placed as close as possible. For these test parameters in table 1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1).
Table 1 Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Carriers
	Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship

	[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Wanted carrier
	REFSENS + 14 dB
	BWwanted = BWanother
	Place two DL carriers as close as possible

	Another carrier with overlapping DL bands
	Power of wanted carrier + 30 dB
	
	


Summary
Based on the analysis and discussion above, all the proposals are listed below:
Observation 1: At least 25dB power imbalance should be considered for type 2 UE Rx requirements considering the network deployment.
Proposal 1: To specify 30 dB power imbalance for type 2 UE Rx requirements.
Proposal 2: To place two DL carriers as close as possible.
Proposal 3: To specify the power imbalance requirements for Type 2 UE as below.
Power imbalance requirement for type 2 UE which is indicated by capability interBandMRDC-WithOverlapDL-Bands-r16 is a measure of a receiver’s ability to receive LTE and NR signals with 30dB power imbalance under the conditions that channel bandwidths for LTE and NR are same and two DL carriers are placed as close as possible. For these test parameters in table 1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1).
Table 1 Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Carriers
	Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship

	Wanted carrier
	REFSENS + 14 dB
	BWwanted = BWanother
	Place two DL carriers as close as possible

	Another carrier with overlapping DL bands
	Power of wanted carrier + 30 dB
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