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[bookmark: OLE_LINK25]1 Introduction
[bookmark: OLE_LINK3]In RAN4#109 meeting, the signalling for indicating type1 ENDC or type2 was agreed in[1]. However, we found the descriptions in the NOTEs for the CC level limitation for type 1 and type 2 RF requirements are a bit different. 
In this contribution, we aim to raise the issue and provide our understanding about the issue.
2	Discussion
[bookmark: OLE_LINK41][bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK6]The following is from [2] which describes the RF requirements when type 1 or type 2 capability is indicated/configured.
	[bookmark: OLE_LINK4][bookmark: OLE_LINK11][bookmark: OLE_LINK8]NOTE 6:	For a UE not indicating [intraBandNR-CA-non-collocated-r18], the minimum requirements for intra-band non-contiguous CA apply when the maximum power spectral density imbalance between downlink carriers is within 6 dB. For a UE indicating [intraBandNR-CA-non-collocated-r18] and if [nonCollocatedTypeNR-CA-r18] is not provided and UE is configured with maxMIMO-Layers with value less than or equal to 2, the power imbalance requirement defined in subclause 7.10A apply. For a UE indicating [intraBandNR-CA-non-collocated-r18] and when [nonCollocatedTypeNR-CA-r18] is provided, the minimum requirements for intra-band non-contiguous CA apply when the maximum power spectral density imbalance between downlink carriers is within 6 dB. For these UEs, the power spectral density imbalance condition also applies for these carriers when applicable intra-band non-contiguous NR CA configuration is a subset of a higher order NR CA configuration.


The above NOTE 6 is for NR intra-band CA, and in terms of the NOTE 6, we can observe that:
· [bookmark: OLE_LINK5]When a UE not indicating [intraBandNR-CA-non-collocated-r18], it is type 1 UE and maximum PSD imbalance between DL CC requirement is used.
· When a UE indicating [intraBandNR-CA-non-collocated-r18]:
· If [nonCollocatedTypeNR-CA-r18] is not provided and UE is configured with maxMIMO-Layers with value less than or equal to 2, it is type 2 UE and power imbalance between DL CC requirement is used.
· If [nonCollocatedTypeNR-CA-r18] is provided, it is type 1 UE and maximum PSD imbalance between DL CC requirement is used.
[bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK9]Observation 1: For type 1 UE, ‘ maximum PSD imbalance’ between DL CC is used, while for type 2 UE, ‘Power imbalance’ between DL CC is used, which looks inconsistency.
In current specification, there are no explicit definition for PSD imbalance while the power imbalance requirements are defined in sub-clause 7.10.A.1 in TS38.101-1, also in TS38.101-3.
[image: ]
Observation 2: In the specs, there are explicit definitions for power imbalance requirements, while no such definitions for PSD requirements.
For NR inter-band CA/ENDC band combinations with two closed band, it seems that 6dB value between two CCs comes from LTE , and the limitation between CCs for LTE inter-band CA and NR inter-band CA is power imbalance. Table 2 shows some content of [2] from which we can find that power imbalance is used to limit the difference between 2 CCs. 
Table 2 Partial content from Table 5.5A.3.2-1[2]
	NR CA configuration
	Uplink CA configuration
or single uplink carrier6
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	...

	CA_n7A-n28A-n38A11
	-
	n7
	5, 10, 15, 20, 30, 40, 50
	0

	
	
	n28
	5, 10, 15, 20
	

	
	
	n38
	5, 10, 15, 20, 30, 40
	

	...

	NOTE 1:	This UE channel bandwidth is applicable only to downlink
NOTE 2:	For the 20 MHz bandwidth, the minimum requirements are specified for NR UL carrier frequencies confined to either 713-723 MHz or 728-738 MHz.
NOTE 3: 	The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1.
NOTE 4:	The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers for TDD combinations.
NOTE 5:	Simultaneous Rx/Tx capability for TDD combinations does not apply for UEs supporting band n78 with an n77 implementation.
NOTE 6:	Only single uplink carriers with power class other than PC3 are listed.
NOTE 7:	Minimum requirements for Power Class 2 are applicable for this uplink combination or single uplink carrier in this downlink/uplink combination
NOTE 8:	For this bandwidth, the minimum requirements are restricted to operation when carrier is configured as an SCell part of DC or CA configuration.
NOTE 9:	Minimum requirements for Power Class 1.5 are applicable for single uplink carrier in this downlink/uplink combination
NOTE 10: 	For a band combination which include band n7 and n38 simultaneously, carriers in band n7 and n38 can only be configured as downlink carriers. Power imbalance between downlink carriers on Band n7 and Band n38 is assumed to be within 6dB.
NOTE 11: UL carrier shall be supported in Band n28 only. Power imbalance between downlink carriers on Band 7 and Band 38 is assumed to be within 6dB.


[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK17]Observation 3: 6dB value for inter-band CA comes from LTE. But ‘maximum PSD imbalance’ is used for intra-band CA and ‘Power imbalance’ is used for inter-band CA.
Through discussions with companies, it seems different companies have different understandings of using power imbalance or PSD imbalance to distinguish UE types. The following is from [3], we can see that the difference between CCs for different UE type is power imbalance.
[image: ]
Observation 4: ‘Power imbalance’ is used for type 1 UE in the rapporteur R19 motivation paper.
In the future release, more UE type such as type 3 and type 4 may be introduced. It is better to discuss whether a unified criteria such as power imbalance can be used for distinguishing these types.
Based on the above analysis, it is proposed to discuss whether power imbalance can be used for distinguishing type1 UE and type2 UE. 
Proposal 1: To discuss whether to use the uniform description with the terms of ‘Power imbalance’ for type1 UE.
3 Conclusion
In this contribution, we give some considerations for the RF requirements of intra-band non-collocated EN-DC/NR-CA type1 and type2. 
Observation 1: For type 1 UE, ‘maximum PSD imbalance’ between DL CC is used, while for type 2 UE, ‘Power imbalance’ between DL CC is used, which looks inconsistency.
Observation 2: In the specs, there are explicit definitions for power imbalance requirements, while no such definitions for PSD requirements.
Observation 3: 6dB value for inter-band CA comes from LTE. But ‘maximum PSD imbalance’ is used for intra-band CA and ’Power imbalance’ is used for inter-band CA.
Observation 4: ‘Power imbalance’ is used for type 1 UE in the rapporteur R19 motivation paper.
Proposal 1: To discuss whether to use the uniform description with the terms of ‘Power imbalance’ for type1 UE.
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7.10A.1 General

Power imbalance requirement is a measure of the receivers abiliy to receive a wanted signal in the presence of another
signal with a power imbalance and a specific frequency offSet from the wanted signal.
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UE Type | Band Antenna / LNA Mixer | Analog BB | #Rx HW | Power imbalance

1 1 4 4 4 4Rx 6dB

2 shared shared shared 4Rx 0.9x full range
2 1 2 4 2 2 2Rx 25dB

2 2 total 2 2 2Rx 1x full range
3a 1 4 4 4 4Rx [25]dB

2 shared 2 2 2Rx 1.2x partial range i
3b 1 1 1 1 4Rx [25]dB

2 shared 4 4 4Rx 1.4x partial range
4a 1 4 6 4 4 4Rx 25dB

2 2 total 2 2 2Rx 1.5x full range
4b 1 4 8 4 4 4Rx 25dB

2 4 total 4 4 4Rx 2X full range





