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1. Introduction
In RAN4 #106, WF [1] has been agreed for “New Type UEs” for 4 layer MIMO case (non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC). It was argued for synchronization requirement for type 3a/3b UE. We continue the discussion in this contribution.
2. Discussion
In previous RAN4 meeting, options were left for type 3a/3b UE requirement[1]:
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< Issue 3-2-1: Whether to keep TAE/network synchronization requirement for Type 3a/3b >
· Option.1 Keep TAE 3us
· Option.2 MRTD [3]us
· Option.3 MRTD < CP
Considering sharing RF front-end receiver design is considered for type 3 UE, optimized receiving performance would be MRTD < CP where UE would not suffer signal loss from the beginning of first symbol. However, we also understand the MRTD requirement (network synchronization error) had been extensively discussed in RRM session years ago and was compromised to 3us for intra-band CA operation. With the compromised MRTD, UE is already expected suffer for performance degradation as stated in TS38.133. UE would pay more cost and performance loss if RAN4 intends to specify MRTD larger than 3us.
Observation 1: MRTD < CP UE performance would not degrade due to timing difference between carriers. 
If MRTD is larger than CP, there may be four different scenarios on the two carriers: a.) CC1 with smaller level arrives earlier b.) CC1 with larger level arrives earlier c.) CC2 with smaller level arrives earlier d.) CC2 with larger level arrives earlier. The scenario c and d can be treated as mirror case of a and b.
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Figure 1. CC1 with smaller level arrives earlier       Figure 2. CC1 with larger level arrives earlier
For scenario a, the overlapped symbols in CC1 when CC2 arrives would be impacted due to large imbalanced power on CC2 where CC2 may or may not be impacted depends on whether the gain of first stage eLNA can or cannot be changed upon CC2 arrives. For scenario b, the whole CC2 would encounter lower eLNA gain than expected if AGC2 cannot change the gain of first stage eLNA thus its receiving performance degrades. AGC design is UE implementation. We tried two different AGC behavior simulation when the MRTD is longer than the CP duration:
AGC behavior A.) With the arrival of the CC2 the received power will be increased, and the AGC will change its state which means gain reduction
AGC behavior B.) The AGC1 does not change with the arrival of the CC2
	DCI bit number(Including CRC)
	39

	Aggregation level
	8

	REG bundling size
	6

	Number of symbol
	1

	Mapping type
	Non-Interleaved

	Power Imbalance
	[0, 5, 10, 15, 20, 25] dB

	AGC gain difference in one OFDM symbol of victim CC
	[0, 2, 4, 6, 9, 12] dB

	MRTD
	[0 3.17, 3.33, 3.65, 4.49, 5.11] us

	Number of RBs of CORESRT
	48 RBs

	Interleaver size
	NA

	Precoder granularity
	Equal to REG bundling size

	Antenna configuration
	2T2R Low

	Propagation conditions
	TDLA30-10


Table 1. Simulation assumption for AGC behavior A
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Figure 3. Simulation result on behavior A
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Table 2. SNR degradation for AGC behavior A


	DCI bit number(Including CRC)
	39

	Aggregation level
	8

	REG bundling size
	6

	Number of symbol
	1

	Mapping type
	Non-Interleaved

	Power Imbalance
	[0, 10, 20, 25] dB

	AGC gain difference in one OFDM symbol of victim CC
	[0, 6, 12, 18] dB

	Noice figure increase due to gain change
	[0, 4, 6, 8] dB

	MRTD
	[0, 1.53, 3.59, 5.11] us

	Number of RBs of CORESRT
	48 RBs

	Interleaver size
	NA

	Precoder granularity
	Equal to REG bundling size

	Antenna configuration
	2T2R Low

	Propagation conditions
	TDLA30-10


Table 3. Simulation assumption for AGC behavior B
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Figure 4. Simulation result on behavior B
From simulation we can find, if AGC can be changed upon arrival of CC2 which has larger carrier power, the SNR may have more than 1dB degradation when MRTD is larger than 3.3us. This would require MRTD to be smaller than 3.3us. If AGC cannot be changed upon arrival of CC2 which has smaller carrier power, CC2 would suffer large SNR degradation due to thermal noise increase even MRTD is within CP. The simulation result tells we need to consider the approach in [3].
Observation 2: Different AGC behavior may result in different SNR degradation
Observation 3: For AGC behavior A, SNR degradation would grow up quickly once MRTD >3us.
Proposal 1: Option 3: MRTD < CP is our preference. For sake of progress, we can compromise to option 2: MRTD [3]us
< Issue 3-2-2: Whether to discuss to cope with both 25dB power imbalance (including the relaxation<25dB) and MRTD>CP Length for Type 3a/3b >
Way Forward: 
· Continue to discuss the following both options in the next meeting.
· Option.1: Cope with 25dB (including the relaxation<25dB) and MRTD>CP. 
· Option.2: RTD should be within CP to enable type 3a/3b UE. And power imbalance should be reduced accordingly.
< Issue 3-2-3: With the assumption MRTD＞CP, discuss the RF requirement/performance for 25dB power imbalance (including the relaxation＜25dB) for type3a/3b based on companies’ input. >
Way Forward: 
· Continue further discussion and introduce sub-AI for simulation in the next meeting.
Regarding the issue 3-2-2 and 3-2-3, as our comment during RAN4#106, the power imbalance discussion shall be decoupled with MRTD. In 38.521-1/2/3 UE RF conformance test does not put worst case MRTD together with other requirements. As we discussed in [2], AGC operation is similar to type 1 UE, due to the first stage LNA is shared by the two imbalanced carriers, it also needs to consider the IBB/ACI requirements of single carrier together. And due to the first stage LNA have to accommodate the second carrier with larger level, it needs to be set to the gain lower than max gain thus NF would degrade a few dB. With improved technology on receiver linearity, the imbalanced level of 15~18dB is feasible if the wanted level of the primary carrier keeps REFSENS+1. It would be challenge if higher imbalanced power level is required. In our view 25dB power imbalance is not feasible on sharing receiver FE architecture.
Proposal 2: MRTD discussion shall be decoupled with power imbalance requirement
Proposal 3: If wanted level keeps unchanged (REFSENS+1), max imbalance level 15~18dB applies. 25dB imbalanced level is not feasible for the wanted level=REFSENS+1 for type 3 UE.
It is quite challenge for a type 3a/3b receiver to achieve low noise and high linearity for the existing requirement. An alternative approach was proposed in [3]. To raise wanted level higher can also lower the impact due to thermal noise for the test condition. If the wanted level is raised X dB, the imbalanced second carrier power keeps 25dB higher, then the linearity of the receiver must be capable for REFSENS+1+X+25 dB as wanted level of second carrier. This requires higher linearity on the receiver chain. To improve receiver linearity, lowering first stage LNA gain to earn higher linearity with limited degradation on noise figure is common approach for the receiver to handle large in band blocking spurious as well as large imbalanced level on the 2nd carrier in this WI. The table 1 is noise figure performance of a commercial variable gain LNA.
[image: ]
Table 1. LNA gain vs. NF degradation relationship
From table 1, it would be beneficial to select X=6 with NF degradation less 1dB while the improved linearity can better handle 25dB imbalanced 2nd carrier while the LNA is shared.
Proposal 4: For option 2, X=6. The wanted level is proposed to REFSENS+7 for 25dB DL carrier imbalance
3. Conclusion
Observation 1: MRTD < CP UE performance would not degrade due to timing difference between carriers. 
Observation 2: Different AGC behavior may result in different SNR degradation
Observation 3: For AGC behavior A, SNR degradation would grow up quickly once MRTD >3us.

Proposal 1: Option 3: MRTD < CP is our preference. For sake of progress, we can compromise to option 2: MRTD [3]us
Proposal 2: MRTD discussion shall be decoupled with power imbalance requirement
Proposal 3: If wanted level keeps unchanged (REFSENS+1), max imbalance level 15~18dB applies. 25dB imbalanced level is not feasible for the wanted level=REFSENS+1 for type 3 UE.
Proposal 4: For option 2, X=6. The wanted level is proposed to REFSENS+7 for 25dB DL carrier imbalance
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