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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#110bis the following WF was agreed [1]:
	…
Topic #2:  Rel-19 Type-4
Sub-topic 2-2: UE RF requirements for Type 4 EN-DC/NR-CA
[bookmark: _Hlk165382851][bookmark: _Hlk128737667]< Issue 2-2-1:  Power imbalance requirements and REFSENS >
Way Forward: 
· Check 25dB power imbalance and 1dB REFSENS Relaxation and conclude them in the next meeting.

< Issue 2-2-2:  How to capture the power imbalance and REFSENS requirements >
Way Forward: 
· Continue further discussion in the next meeting.

< Issue 2-2-3:  How to capture the other power imbalance related requirements >
Way Forward: 
· Continue further discussion in the next meeting.

< Issue 2-2-4:  DL frequency separation >
Way Forward: 
· Check and conclude the following requirement in the next meeting.
· No limitation on DL maximum frequency separation is needed for type 4 UE.
· For DL minimum frequency separation for type 2 and type 4 UE, 80MHz is used.

< Issue 2-2-5:  The number of CCs >
Way Forward: 
· Consider the conclusion of Type 2 discussion in RAN4#110bis.
· Continue further discussion with the following baselines in the next meeting.
· Non-collocated EN-DC
· B42: multiple contiguous CCs up to four, collocated
· n77/n78: one CC
· Non-collocated NR-CA
· n77/n78: Non-contiguous two CCs, non-collocated
· If needed, check operators’ preference before the next May meeting.
…



In this contribution we discuss issues related to Sub-topic 2-2: UE RF requirements for Type 4 EN-DC/NR-CA.
2	Discussion
2.1 	Issue 2-2-1:  Power imbalance requirements and REFSENS
In release 18 we have specified the following for EN-DC in TS 38-101-3:
	…
Table 7.10B.3-1: Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship
(Center of BWanother Relative to edge of BWwanted)

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	NOTE 1:	For NR carrier, the transmitter shall be set to 24dB below PCMAX_L,f,c,NR at the minimum uplink configuration specified in Table 7.3.2-3 [2] with PCMAX_L,f,c,NR as defined in clause 6.2B.4.
NOTE 2:	For E-UTRA carrier, the transmitter shall be set to 24 dB below PCMAX_L_E-UTRA,c at the minimum uplink configuration specified in Table 7.3.1-2 [4] with PCMAX_L_E-UTRA,c as defined in clause 6.2B.4 for single carrier.
NOTE 3:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with overlapping DL bands
NOTE 4:	REFSENS is the reference sensitivity level or two antenna port in Table 7.3.2-1a or in Table 7.3.2-1b of TS 38.101-1, or in Table 7.3.1-1 of TS 36.101.
NOTE 5:   The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between E-UTRA and NR carriers for the EN-DC combinations in Table 7.10B.3-2. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.
NOTE 6:  The combination is not used alone as fall back mode of other band combinations in which UL in Band 42 is not used.



…



In a similar way we have, for release-18, specified for CA in TS 38.101-1:
	…
Table 7.10A.2-1: Power imbalance parameters for intra-band non-contiguous CA
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted > BWanother
	

	
	Another wanted carrier
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS NOTE 4 + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2A.4.
NOTE 2:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with 25 dB power imbalance.
NOTE 3:	It’s allowed to use one of test configurations to verify the RX power imbalance requirement for type 2 UE.
NOTE 4:	REFSENS is the reference sensitivity level for two antenna port in Table 7.3.2-1b.
NOTE 5: 	The minimum requirements only apply for non simultaneous Rx/Tx between all carriers for TDD intra-band non-contiguous CA band combinations in Table 7.10A.2-2


…



Observation 1: For baseline approved specifications we have agreed a power imbalance of 25 dB for UE Type 2.
For the type 4a and 4b UE architectures we have no LNA sharing, similar to the type 2 architecture. It is also reasonable to make type 4 UE compatible with a network with type 2 UE
	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	4a
	1
	4
	6
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only



Observation 2: Type 4a and 4b UE architectures we have no LNA sharing, similar to the type 2 architecture.
Based on these observations, no LNA sharing and compatibility with networks deployed with Type 2 UE it is fair to propose that the power imbalance for Type 4a and 4b is 25 dB.
Proposal 1: RF power imbalance requirements for NRCA and ENDC is 25 dB.
2.2 	Issue 2-2-2:  How to capture the power imbalance and REFSENS requirements
In current specification CA and EN-DC we use REFSENS as defined by the reference sensitivity level for two antenna port in Table 7.3.2-1b.
	…
Table 7.10A.2-1: Power imbalance parameters for intra-band non-contiguous CA
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted > BWanother
	

	
	Another wanted carrier
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS NOTE 4 + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2A.4.
NOTE 2:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with 25 dB power imbalance.
NOTE 3:	It’s allowed to use one of test configurations to verify the RX power imbalance requirement for type 2 UE.
NOTE 4:	REFSENS is the reference sensitivity level for two antenna port in Table 7.3.2-1b.
NOTE 5: 	Void.


…
Table 7.10A.2-1: Power imbalance parameters for intra-band non-contiguous CA
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS NOTE 4 + 1
	BWwanted > BWanother
	

	
	Another wanted carrier
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS NOTE 4 + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2A.4.
NOTE 2:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another wanted carrier with 25 dB power imbalance.
NOTE 3:	It’s allowed to use one of test configurations to verify the RX power imbalance requirement for type 2 UE.
NOTE 4:	REFSENS is the reference sensitivity level for two antenna port in Table 7.3.2-1b.
NOTE 5: 	Void.


…



When it comes to 4 RX in existing specification we have, for REFSENS:
	…
when the UE is verified with 4 Rx antenna ports, it shall be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
…
For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table 7.3.2-1b shall be modified by the amount given in ΔRIB,4R in Table 7.3.2-2 for the applicable operating bands. For operating band frequency range ≤ 1 GHz, the 4Rx operation is primarily for FWA form factor, and when 4Rx operation is supported by handheld UE, ∆RIB,4R as indicated in Table 7.3.2-2 NOTE 2 is applied.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n13, n26, n28, n71, n85, n105
	-2.71

	n5, n8, n28, n71, n20, n26
	-2.42

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	When 4 Rx operation is supported by FWA form factor
NOTE 2:	When 4Rx operation is supported by handheld UE.


…



Since existing specification already have a 4 RX REFSENS, based on 2 RX REFSENS table and an additive modification term ΔRIB,4R , we can reuse that.
Observation 3: existing specification already have a 4 RX REFSENS based on 2 RX REFSENS table and an additive modification term ΔRIB,4R.
Proposal 2: Use existing 4 RX REFSENS as a specification of REFSENS for Type 4.
Regarding how to modify REFSENS for Inter-band EN-DC configurations with multiple contiguous E-UTRA CCs in one band, please refer to contribution [2]
3 	Summary
Observation 1: For baseline approved specifications we have agreed a power imbalance of 25 dB for UE Type 2.
Observation 2: Type 4a and 4b UE architectures we have no LNA sharing, similar to the type 2 architecture.
Proposal 1: RF power imbalance requirements for NRCA and ENDC is 25 dB.
Observation 3: existing specification already have a 4 RX REFSENS based on 2 RX REFSENS table and an additive modification term ΔRIB,4R.
Proposal 2: Use existing 4 RX REFSENS as a specification of REFSENS for Type 4.
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