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1. Introduction
In RAN#95-e meeting, a new WI to investigate intra-band non-collocated ENDC/NRCA was approved. And also, the WID was updated in RAN#97 [1]. In RAN4#104-bis-e meeting, the UE architecture for Type-3a/b and Type-4a/b was confirmed [2]. Meanwhile, In RAN4#105 meeting, it was discussed further, while RAN4 continue further discussions on the UE architecture for Type-3a/b and Type-4a/b and also conclude it in this meeting [3].
RAN4#105 < Issue 3-1-4: Possible UE RF architecture on Type 3a/3b and 4a/4b>
Agreement: 
· Type 2 UE is the reference.
Way Forward: 
· Continue further discussions on Type 3a/3b and 4a/4b based on the following table, and also conclude them in the next meeting.
In RAN4#105 meeting, the RF and RRM requirements for Type-3a/b and 4a/b had been discussed, but also there was no conclusion.
RAN4#105 < Issue 3-2-1: RF requirements on Type 3a/3b UE>
Some companies support Option 1(Power Imbalance 25dB), and then other companies support Option 2(4RX REFSENS relaxation by [1 + [FFS]] dB for 25dB DL carrier imbalance) and Option 3(MRTD 3us and Power Imbalance 15dB).
Way Forward: 
· Continue further discussions on RF requirements on Type 3a/3b UE in the next meeting.		
In this paper, we focus on the above remaining issue captured in [3].
2. Discussion
2.1. Type 3 UE
In last meeting, it is agreed to continue further discussions on Type 3a/3b and 4a/4b based on the following table, and also conclude them in this meeting [3].
Table 1: Reference UE RF Architecture
	UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	2
	1
	2
	4
total
	2
	2
	2Rx
	NRCA
ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	

	[3a]
	1
	4
shared
	4
	4
	4Rx
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after 2 LNAs out of 4 => common AGC on LNA => 25dB partial range

	
	2
	
	2
	2
	2Rx
	
	
	

	[3b]
	1
	4
shared
	4
	4
	4Rx
	NRCA
ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after all 4 LNAs => common AGC on LNA => 25dB partial range

	
	2
	
	4
	4
	4Rx
	
	
	

	[4a]
	1
	4
	6
total
	4
	4
	4Rx
	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
	NRCA
ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	



In last meeting, Type 3a/3b was not agreed as reference, because some companies mentioned that Type 3a/3b is not aligned to WI objectives of non-collocated from aspects of the restriction on MRTD, TAE and CP length.
Observation 1: If the UE architecture and related assumptions for Type 3a/3b are not agreeable, RAN4 can’t discuss RF and RRM requirements.
Proposal 1: Clarify the assumption on MRTD, TAE and CP length for Type 3a/3b to conclude the UE architecture for Type 3a/3b.

For the UE architecture for Type 3a/3b, it is agreed that the each receiver branch will have an LNA shared by the two CCs, such as the assumption of the architecture is shown in [4]. With that, as [5] pointed out, the power imbalance between the CCs could lead to signal distortion, especially on the weaker CC as the gain of the LNA will have to be aligned to the stronger carrier. With the assumption of MRTD>CP, large MRTD will create issues in aligning the LNA gain switch timing. Since the gain switch can only be aligned to the slot boundary of one of the CCs, the gain change will happen during the useful symbol on the other CC distorting the received signal.
Observation 2: With assumption of shared LNA UE architecture, the gain change might happen during the useful symbol on the other CC distorting the received signal due to Large MRTD.
Observation 3: Large power imbalance and large MRTD might be discussed at the same time.

Here we consider each factors, for example, power imbalance, MRTD/TAE and CP length, one by one.
Power Imbalance
First, as shown in [6], the power imbalance of UE RF requirement is derived from the network deployment scenario. Taking the path loss model of Uma as an example:


Based on the above formula, Table 2 gives a mapping between power imbalance, inter-site distance and propagation time difference as shown in [7].
Table 2: Mapping between power imbalance, Inter-site distance and propagation time difference.
	Power imbalance (dB)
	Inter-site distance (m)
	Propagation time difference (us)

	6
	65
	0.22

	10
	99
	0.33

	15
	168
	0.56

	20
	283
	0.94

	25
	479
	1.6



MRTD/TAE
Next, regarding MRTD of RRM requirement, basically MRTD = TAE + RF_propagation_time_difference as shown in [8]. And also, TAE 3us is defined in specifications already.
Figure 1: MRTD = TAE + RF_propagation_time_difference
TAE



CP Length
And then, this WI including Type 3a/3b is focusing on band n77/n78 as NR CC for both EN-DC and NR-CA. So, SCS are generally 30kHz and 60kHz for these bands.
Table 3: SCS/CP Length for n77/n78
	SCS (kHz)
	CP Length (us)

	30
	2.34

	60
	1.17



Correlation of Power imbalance/ISD/Propagation time difference/MRTD/TAE/CP Length
Considering all factors comprehensively, with assumption of shared LNA UE architecture for Type 3a/3b, MRTD>CP Length regardless of power imbalance. This is because TAE 3us>CP Length (2.34us/1.17us). Even if power imbalance is 6dB, TAE>CP Length. The correlation of power imbalance, ISD, propagation time difference, MRTD, TAE and CP length is shown as the following table.
Table 4: Correlation of Power imbalance/ISD/Propagation time difference/MRTD/TAE/CP Length
	Power imbalance (dB)
	Inter-site distance (m)
	Propagation time difference (us)
	MRTD (us)

	6
	65
	0.22
	0.22 + 3(TAE)

	10
	99
	0.33
	0.33 + 3(TAE)

	15
	168
	0.56
	0.56 + 3(TAE)

	20
	283
	0.94
	0.94 + 3(TAE)

	25
	479
	1.6
	1.6 + 3(TAE)


> CP Length

On the other hand, in the last meeting companies mentioned that NR takes over TAE 3us history from LTE and there is no room to tighten the sync requirement of network. Tightening TAE<3us is not actually realistic for operators having existing BSs deployment. If tightening TAE<3us, existing almost operators will need to restructure their BSs for the feature standardized by this WI.
Observation 4: If tightening TAE<3us, existing almost operators will need to restructure their BSs.
In case of that TAE keep 3us and both EN-DC and NR-CA have same the UE architecture with shared LNA, MRTD>CP for Type 3a/3b of both EN-DC and NR-CA is realistic assumption from aspects of existing BSs deployment. However, in that case, the gain change might happen during the useful symbol on the other CC distorting the received signal due to Large MRTD as shown in Observation 2. 
Therefore, firstly RAN4 need to check whether MRTD>CP Length for both EN-DC and NR-CA of Type 3a/3b is technically critical and make common understanding. And then, if that can be common understanding in RAN4, RAN4 also need to discuss whether we can cope with both MRTD>CP Length and 25dB power imbalance (including the relaxation<25dB).
Observation 5: MRTD>CP for Type 3a/3b of both EN-DC and NR-CA is realistic assumption from aspects of existing BSs deployment with TAE 3us.
Proposal 2: Check whether MRTD>CP Length for both EN-DC and NR-CA of Type 3a/3b is technically critical.
Proposal 3: Discuss whether we can cope with both MRTD>CP Length and 25dB power imbalance (including the relaxation<25dB).
3. Conclusion
Observation 1: If the UE architecture and related assumptions for Type 3a/3b are not agreeable, RAN4 can’t discuss RF and RRM requirements.
Observation 2: With assumption of shared LNA UE architecture, the gain change might happen during the useful symbol on the other CC distorting the received signal due to Large MRTD.
Observation 3: Large power imbalance and large MRTD might be discussed at the same time.
Observation 4: If tightening TAE<3us, existing almost operators will need to restructure their BSs.
Observation 5: MRTD>CP for Type 3a/3b of both EN-DC and NR-CA is realistic assumption from aspects of existing BSs deployment with TAE 3us.
Proposal 1: Clarify the assumption on MRTD, TAE and CP length for Type 3a/3b to conclude the UE architecture for Type 3a/3b.
Proposal 2: Check whether MRTD>CP Length for both EN-DC and NR-CA of Type 3a/3b is technically critical.
Proposal 3: Discuss whether we can cope with both MRTD>CP Length and 25dB power imbalance (including the relaxation<25dB).
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