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1. Introduction
In this document, we evaluate Type 4 UE RF Requirements.
2. Discussion
In RAN4#110bis, the following WF was agreed [1]. In this contribution, we discuss Issue 2-2-1 and 2-2-4 as depicted in the WF.
< 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 2-2-4:  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.
2.1. REFSENS Relaxation Vs Carrier Imbalance

In this contribution, using a similar approach as was used for EN-DC in release 16 [2], the (n)RX REFSENS relaxation in the presence of an imbalanced unwanted carrier is evaluated, where (n)RX REFSENS is defined as follows:
2RX REFSENS = REFSENS (Table 7.3.2.1b) + ΔRIB,2R, where ΔRIB,2R = 0dB.
4RX REFSENS = REFSENS (Table 7.3.2.1b) + ΔRIB,4R, where ΔRIB,4R = -2.7dB.
Type 2 UE uses the 2RX REFSENS requirement. Some justification is required to verify that Type 4 UE use the 4RX REFSENS requirement with 1dB relaxation as was used for Type 2 UE with 2RX REFSENS.
Justification:    
The presence of an intra-band blocker degrades the wanted signal SINR due to RF impairments due to in-band blocker. This interference due to the RF impairments is correlated at all the RX ports because it comes from the same blocker source. So, the MRC combining technique for 2RX ports can be applied to 4RX port to determine the REFSENS degradation as a function of carrier imbalance. Figure 2-1 shows the REFSENS degradation as a function of carrier imbalance for 2RX and 4RX with respect to the 2RX REFSENS value. The figure shows that it takes ~25dB power imbalance 2RX REFSENS value + 1dB. The figure also shows that using 4RX ports, with 25dB power imbalance, there is 1.7dB more margin to the 2RX REFSENS. 4RX REFSENS is [- ΔRIB,4R ] tighter than 2RX REFSENS, so, theoreticall, more imbalance (~29dB) could be allowed if wanted signal is set to 2RX REFSENS+1dB. 

Observation 1: Type 4 UE with 25dB carrier imbalance allows 1.7dB more margin [- ΔRIB,4R.-1] than the Type 2 UE requirement when referencing to 2RX REFSENS.

Figure 2-2 shows what the requirement should be when referring to the (n)RX REFSENS requirement. For specification consistency, the 4RX ports should use the 4RX REFSENS requirement for the same 25dB carrier imbalance as was used for the Type 2 UE unless sufficient justification for additional relaxation is provided.
Observation 2: Type 4 UE should use the 4RX REFSENS requirement for the same 25dB carrier imbalance as was used for the Type 2 UE unless sufficient justification for additional relaxation is provided.

Proposal 1: Use 25dB carrier imbalance for 4RX REFSENS + 1dB for Type 4 UE.
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Figure 2-1: Type 2RX/4RX REFSENS Relaxation to Vs Carrier Imbalance when referenced to 2RX REFSENS.
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Figure 2-2: Type 2RX/4RX REFSENS Relaxation to Vs Carrier Imbalance when referenced to (n)RX REFSENS.

2.2.  DL Frequency Separation
In our view, the DL frequency separation is already defined in the specification. Table 7.10A.2-1 in 38.101-1 shows the minimum frequency separation for 3 test configurations. For example, if the non-contiguous CCs are separated larger than max (5/2* BWanother, 50MHz), 25dB carrier imbalance applies. If the non-contiguous CCs are separated smaller than max (5/2* BWanother, 50MHz), 25dB carrier imbalance reduces by the ratio of the CC BW allocation. The WF suggests 80MHz implying some channel filtering issues for certain implementations. To accommodate, we place the [50] MHz in square brackets pending further justification for the increase from 50MHz to 80MHz. The 5/2* BWanother factor comes from the IBB2 blocker position.
Proposal 2: The minimum DL frequency separation should be max (5/2* BWanother, [50] MHz).
Proposal 3: No limit on the maximum DL frequency separation.
3. Conclusion
Observation 1: Type 4 UE with 25dB carrier imbalance allows 1.7dB more margin [- ΔRIB,4R.-1] than the Type 2 UE requirement when referencing to 2RX REFSENS.

Observation 2: Type 4 UE should use the 4RX REFSENS requirement for the same 25dB carrier imbalance as was used for the Type 2 UE unless sufficient justification for additional relaxation is provided.

Proposal 1: Use 25dB carrier imbalance for 4RX REFSENS + 1dB for Type 4 UE.

Proposal 2: The minimum DL frequency separation should be max (5/2* BWanother, [50] MHz).
Proposal 3: No limit on the maximum DL frequency separation.
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4. Appendix
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.
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