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Introduction
The discussion on introducing requirements for non-collocated intra-band deployments was started in RAN4#104-e and continued in RAN4#104-Bis-e with agreements summarized in [1] and [2]. Most of the open issues are related to the handling of 4 Layer MIMO and are captured in [2]. In this paper we focus on these issues. 
Discussion
The UE RF architectures to be considered were agreed in [2] and reproduced below in Table 1 for convenience. According to the WF in [2], the discussion for handling of 4 Layer MIMO transmissions should Focus on UE Type 3a/3b. 
Table 1. UE Types and RF architectures as agreed in [2]
	UE
Type
	 
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency Separation between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA,ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	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

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	3a
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	2
	2
	2Rx
	
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	4
	4
	4Rx
	
	
	
	

	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

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	



For the architecture Type 3a/3b, it is agreed that the each receiver branch will have an LNA shared by the two CCs. 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. 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 1: Handling of power imbalance and large MRTD(>CP) are the challenges in intra-band non-collocated deployments.
The UE should be able to handle a power imbalance larger than 6dB, however, a RTD > CP cannot be handled by the same LNA. In order to enable 4Rx on each CC, the actual RTD should be within the CP such that the LNA gain switching does not distort the useful part of the signal. If the switch happens in the useful part of the signal, the SNR on one of the carriers will be impacted. The performance degradation is rather difficult to assess as it depends on several factors such as actual RTD, which channels are affected (reference signals, control channel or data channel), the actual SNR of the affected signals, etc. This analysis will be very time consuming and results are likely to vary among companies.
Observation 2: MRTD should be within the CP to enable 4Rx on each CC.
Observation 3: Performance degradation due to LNA signal distortion is difficult to characterize. RAN4 should not spend time on characterizing the performance degradation.
The WF in [2] also leaves as FFS if imbalance <25dB would allow larger dynamic range. Trying to fine tune the requirements and introduce multiple “tiers” depending on the actual imbalance is likely to be very time consuming and not lead to any meaningful outcome in terms of performance improvements. 
Observation 4: The requirements should be defined just for a single power imbalance value to simplify the discussions.
Conclusion
In this paper we discussed the support of 4 Layer MIMO for intra-band aggregation and the consequences related to power imbalance, MRTD. We made the following observations:
Observation 1: Handling of power imbalance and large MRTD(>CP) are the challenges in intra-band non-collocated deployments.
Observation 2: MRTD should be within the CP to enable 4Rx on each CC.
Observation 3: Performance degradation due to LNA signal distortion is difficult to characterize. RAN4 should not spend time on characterizing the performance degradation.
Observation 4: The requirements should be defined just for a single power imbalance value to simplify the discussions.
References
[1] R4-2217733, “WF on NonCol_intraB_ENDC_NR_CA for NR-CA Type-2 UE”, KDDI
[2] R4-2217734, “WF on NonCol_intraB_ENDC_NR_CA for New Type UE”, KDDI
1

1

