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1. Introduction
In RAN#103 meeting, a new Work Item [1] was approved on NR channel BW less than 5MHz for FR1 Phase 2 with the following RAN4 objective. In this contribution, we want to share some initial views on UE RF requirements for inter-band NR CA/DC with 3MHz CBW.
	· Define common co-located and non-co-located inter-band NR CA/DC UE RF requirements with 3MHz CBW in the one band and 5MHz or 10MHz CBW in the other band
· Example band combination: CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101
· Define RRM requirements for inter-band CA and DC for combinations introduced in RF part
Note: other band combinations than example band combinations can be specified in basket WIs after the above generic requirements are specified.



2. Discussion
2.1 System parameters
2.1.1 Operating band for CA
As listed in the objective, example band combination is CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101. So we can define the new inter-band CA operating band as follows:
Table 2.1-1: Inter-band CA operating bands involving FR1 (two bands)
	NR CA Band
	NR Band

	CA_n100-n101
	n100, n101



Proposal 1: To define the new inter-band CA operating band as in Table 2.1-1.
2.1.2 Configurations for CA
As listed in the objective, example band combination is CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101. So we can define the new NR CA configurations and bandwidth combinations sets for inter-band CA as follows:
Table 2.1-2: NR CA configuration and bandwidth combination sets for inter-band CA (two bands)
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n100A-n101A
	CA_n100A-n101A
	n100
	3
	0

	
	
	n101
	5, 10
	



Proposal 2: To define the new NR CA configuration and bandwidth combination sets for inter-band CA as in Table 2.1-2.
2.1.3 Configurations for DC
A new inter-band NR DC configuration needs to be defined as follows:
Table 2.1-3: Inter-band NR DC configurations (two bands)
	NR DC
configuration
	Uplink NR DC
configuration

	DC_n100A-n101A
	DC_n100A-n101A



Proposal 3: To define the new inter-band NR DC configuration for inter-band CA as in Table 2.1-3.
2.2 UE RF
2.2.1 RF architecture
One of the objective is to define co-located and non-co-located inter-band NR CA/DC UE RF requirements with 3MHz CBW in the one band and 5MHz or 10MHz CBW in the other band, and the example band combination is CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101. It is a low FDD band and middle TDD band combination, which differentiates from LB-LB and LB-HB combination. For inter-band CA_n100-n101, the possible RF architecture implementation can be assumed as is shown in Figure 2.2-1.
[image: ]
Figure 2.2-1: Possible RF architecture implementation for CA_n100-n101
Proposal 4: For inter-band CA_n100-n101, the possible RF architecture implementation can be assumed as is shown in Figure 2.2-1.
2.2.2 Transmitter power for CA/DC
One of the objective is to define co-located and non-co-located inter-band NR CA/DC UE RF requirements with 3MHz CBW in the one band and 5MHz or 10MHz CBW in the other band, and the example band combination is CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101. Band n100 and n101 all support PC 1 and PC 3. So it is proposed that PC 3 should be supported for CA/DC and UE maximum output power for CA/DC can be defined as Table 2.2-1 and 2.2-2.
Table 2.2-1: UE Power Class for uplink inter-band CA (two bands)
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_n100A-n101A
	
	
	
	
	23
	+2/-3
	
	


Table 2.2-2: UE Power Class for uplink inter-band NR-DC
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_n100A-n101A
	
	
	
	
	23
	+2/-3
	
	



Proposal 5: Inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101 should support PC 3 and UE maximum output power can be defined as Table 2.2-1 and 2.2-2.
2.2.3 Maximum Sensitivity Degradation (MSD) analysis
For inter-band CA_n100-n101, sensitivity degradation needs to be analysised, and the harmonic and IMD products can be calculated by the table shown in Annex. As can be seen in the table, no MSD issue needs to be discussed.
Proposal 6: For inter-band CA_n100-n101, no MSD issue needs to be discussed.
2.2.4 Power imbalance for CA
In current specification, power imbalance requirement is only applicable 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. For intra-band CA, there exists a capability to distingish whether non-collocated is supported. Therefore, for inter band CA_n100-n101, whether a new signalling of indicating inter-band non-collocated is required needs discussion. Considering power imbalance parameters for non-co-located inter band CA_n100-n101, 25 dB power imbalance can be reused.
Observation 1: Whether a new signalling of indicating inter-band non-collocated is required needs discussion.
Proposal 7: Considering power imbalance parameters for non-co-located inter band CA_n100-n101, 25 dB power imbalance can be reused.
2.3 Summary of corrections on TS 38.101-1
Based on the above, the summary of the corrections on TS 38.101-1 are given in Table 2.3-1.
Table 2.3-1: The summary of the corrections on TS 38.101-1
	General part

	General part
	Proposal for inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101

	5.2A Operating bands for CA
	A new inter-band CA operating band needs to be defined.

	5.3A UE channel bandwidth for CA
	No requirement impacts.

	5.4A Channel arrangement for CA
	No requirement impacts.

	5.5A Configurations for CA
	A new NR CA configurations and bandwidth combinations sets for inter-band CA needs to be defined.

	5.5B	Configurations for DC
	A new inter-band NR DC configuration needs to be defined.

	UE RF part

	NR UE Tx/Rx requirement
	Proposal for inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101

	6.2A.1 UE maximum output power for CA
	Inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101 should support PC3 and UE maximum output power can be defined as table 2.2-1.

	6.2A.2 MPR for CA
	No specification impact.

	6.2A.3 A-MPR for CA
	No specification impact.

	6.2A.4 Configured transmitted power for CA
	ΔTIB,c = [0.3] for Inter-band CA (two bands) needs to be defined.

	6.2B.1 UE maximum output power for NR-DC
	Inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101 should support PC3 and UE maximum output power can be defined as table 2.2-2.

	6.2B.2 MPR for NR-DC
	No specification impact.

	6.2B.3 A-MPR for NR-DC
	No specification impact.

	6.2B.4 Configured transmitted power for NR-DC
	No specification impact.

	6.3A	Output power dynamics for CA
	No specification impact.

	6.4A Transmit modulation quality for CA
	No specification impact.

	6.5A Output RF spectrum emissions for CA
	No specification impact.

	7.3A.2 Reference sensitivity for CA 
	ΔRIB,c = [0] for Inter-band CA (two bands) needs to be defined.

	7.4A Max input level for CA
	No specification impact.

	7.5A Adjacent channel selectivity for CA
	No specification impact.

	7.6A Blocking characteristics for CA
	No specification impact.

	7.7A Spurious response for CA
	No specification impact.

	7.8A Intermodulation characteristics for CA
	No specification impact.

	7.9A Spurious emissions for CA
	No specification impact.

	7.10A	Power imbalance for CA
	Considering power imbalance parameters for non-co-located inter band CA_n100-n101, 25 dB power imbalance can be reused.



3. Conclusion
In this contribution, we want to share some views on UE RF requirements for inter-band NR CA/DC with 3MHz CBW and the proposals are made as following:
Proposal 1: To define the new inter-band CA operating band as in Table 2.1-1.
Proposal 2: To define the new NR CA configuration and bandwidth combination sets for inter-band CA as in Table 2.1-2.
[bookmark: _GoBack]Proposal 3: To define the new inter-band NR DC configuration for inter-band CA as in Table 2.1-3.
Proposal 4: For inter-band CA_n100-n101, the possible RF architecture implementation can be assumed as is shown in Figure 2.2-1.
Proposal 5: Inter-band CA/DC of 3MHz in band n100 and 5MHz or 10MHz in band n101 should support PC 3 and UE maximum output power can be defined as Table 2.2-1 and 2.2-2.
Proposal 6: For inter-band CA_n100-n101, no MSD issue needs to be discussed.
Observation 1: Whether a new signalling of indicating inter-band non-collocated is required needs discussion.
Proposal 7: Considering power imbalance parameters for non-co-located inter band CA_n100-n101, 25 dB power imbalance can be reused.
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5. Annex
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency
	874.4
	880
	1900
	1910

	2nd order IMD products
	|fy_low-fx_high|
	|fy_high-fx_low|
	|fy_low+fx_low|
	|fy_high+fx_high|

	IMD frequency limits (MHz)
	1020
	1035.6
	2774.4
	2790

	Two-tone 3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	161.2
	140
	2920
	2945.6

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	3648.8
	3670
	4674.4
	4700

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|
	
	

	IMD frequency limits (MHz)
	2071.2
	2040
	
	

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	713.2
	740
	4820
	4855.6

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	
	

	IMD frequency limits (MHz)
	5548.8
	5580
	
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high +1* fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	4523.2
	4550
	6574.4
	6610

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	6765.6
	6720
	1620
	1587.6

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	8474.4
	8520
	5397.6
	5430

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	3981.2
	3940
	1160
	1196.8

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	7448.8
	7490
	6423.2
	6460
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