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Introduction
In RAN4#104b-e, we proposed in [1] a description of the different types of UE enabling different levels of 2RX and 4Rx support per band and supporting a non-collocated scenario for overlapping bands. These different types were an input to way forwards [2, 3] defining those UE types and in [3] it was agreed that the study will now focus on Type 3 UEs. In this contribution, we refine the definition of type 3 UE and point at the AGC aspects to be studied to fully assess how to support PSD imbalance and for which dynamic range.
Discussion
Architecture options to enable 4Rx
In way forward [3], the table proposed in [1] was further refined and additional criteria like the frequency separation between CCs in each band was discussed. 
There was also an observation that such aspect is specified for non-contiguous ULCA. In our view, the frequency separation classes I, II and III in UL CA are rather related to the fact that a single LO and PAs cannot cover the entire band. Additionally, even if 1PA/1LO can support up to the frequency separation class II, it can only do it with the restrictions that the gap bandwidth between each CC is smaller or equal to the largest CC bandwidth. Only the 2PA/2LO can support any frequency separation class which, based on the worst-case spectrum allocation of Japan, cannot be higher than 600MHz thus the adopted frequency separation class III in Release 17.
When we look at the receive side however, the RF front-end LNA is designed to support the entire band, including for n77. Also, even if 2LO may be required for each LNA in some cases, there is no reason to define a frequency separation class and its signaling. If this was needed, this would have already been the case for type and type 2 UEs in R17. 
Nevertheless, it is also true that the worst-case instantaneous bandwidth in FR1 licensed band is 600MHz for Japan in n77 or the combination of 42/n77 and, if useful for the study, this may be captured as an assumption. However, we do not think it has an impact on the architecture, thus it should not be part of the table used for reference on architecture types.
Proposal on Frequency separation:
· There is no need to define frequency separation class in DL not the associated signaling.
· If useful the maximum DL FR1 instantaneous bandwidth of 600MHz can be captured as an assumption for n77 and 42/n77 non-collocated overlapping bands study.
· The updated Table from [3] below is used for future reference.
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Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	NRCA
ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture) based on non-simultaneous TX/Rx

	
	2
	
	
	
	4Rx
	
	
	

	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
	
	
	



Based on the agreements in [3], the focus is on type 3 UE and the sub type a or b. One aspect is to introduce the necessary signaling and how to distinguish between type 3a and type 3b. It should be clarified that type 3 UE is only for non-simultaneous Tx/RX operation.
Proposal on Type 3 UE signalling: 
· Only a type 3 signalling is introduced. 
· The 2RX/4Rx support is declared per band for ENDC and per CC in CA.
· Type 3 UE can only be declared for ENDC and NRCA combinations without simultaneous Tx/Rx.
LNA/RF AGC and its impact on UE performance for each CC. 
For type 3 UE, the key to define the receiver requirement is linked to how the shared LNA/RF/AGC is controlled. Since after the down conversion, each band/CC will have its own AGC, it is assumed that this part can be set optimally for each band/CC. However, this cannot be the case for the RF AGC which, before we discuss the RF performance aspects, will impose indirect timing constraints that may influence RRM aspects depending on what priority is defined when controlling the common AGC part in the RF front-end as it can be set based on optimum for:
· Best performance for the lowest signal
· Best performance for the highest signal
· Best compromise for both signal
· Best performance for the signal with the highest MCS
· Best performance for the PCC…
It is easily seen that there may be different approaches to how the RF AGC is controlled and thus whether the AGC step is triggered by one or the other signal or both. Such priorities will also determine whether we sacrifice performance in REFSENS for the lower signal, in blocking/ACS for the higher signal or reducing the imbalance range for high power part of the dynamic range to maintain the best possible SNR for each band/CC. Since, as a company, we are not responsible for designing the AGC algorithms, we do not feel compelled to provide a preference on how the RF AGC should be handled. However, we think it is important to have some common understanding on the matter in order to drive the study.
Observation on common RF AGC mechanism: To evaluate which RRM and core UE requirements may be impacted it is important to have a common understanding on what will govern the actuation of the common RF AGC (before down mixing). Some examples may be one of the following:
· Best performance for the lowest signal
· Best performance for the highest signal
· Best compromise for both signal
· Best performance for the signal with the highest MCS
· Best performance for the primary cell versus secondary cell
· Any other
· Any combination of the above.
Although we understand the above is a quite complex matter and may never reach a compromise, it is worth having a good understanding about the different scenarios and also on how the LNA/RF AGC is used today. Since this is part of the UE “secret sauce”, we kept this to the basics.
In advanced RF front-ends, the LNA is equipped with a number of AGC steps that try to optimize multiple aspects:
· Increased linearity with increased AGC (lower gain) but minimize the impact on noise figure.
· Optimize power consumption with increased AGC (lower gain).
· The overall range and number of steps is obviously proprietary as is the distribution between the RFFE and the transceiver.
· The same also applies as to where or after how much gain the RF signal is split.

As noted above it is unlikely and not desired that 3GPP would align on a model of the common part of the RF AGC. However, as a start one aspect is to have an idea of how much dB above REFSENS the first common RF AGC attenuation step is activated in current operation.

For low MCS and especially for REFSENS and Blocking test points, the LNA AGC steps may be activated very early in receiver level range which would probably mean that the 25dB imbalance could not be supported at all. However, for large MCS and especially for receivers capable of 256QAM demodulation, although the performance test is done significantly above REFSENS, the BB dynamic range and AGC dynamic is such that the UE design will aim at receiving 256 QAM as soon as reasonably feasible above REFSENS level and thus not activate major AGC attenuation in the RF front-end that would impact the noise floor before a good 20 to 30dB above REFSENS. We also know that 6dB imbalance is supported with minimal impact on REFSENS, blocking and ACS.

Observation on common RF AGC behavior: As a starting point the target AGC behavior can be assumed to be similar to the support of high MCS (minimum 256QAM) as close as reasonable possible above REFSENS. 
Conclusions
In this contribution, we re-examine the architecture options discussed in [1] and make further proposals and a few observations about the AGC behavior in the RF section. 

Proposal on Frequency separation:
· There is no need to define frequency separation class in DL not the associated signaling.
· If useful the maximum DL FR1 instantaneous bandwidth of 600MHz can be captured as an assumption for n77 and 42/n77 non-collocated overlapping bands study.
· The updated Table from [3] below is used for future reference.
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Proposal on Type 3 UE signalling: 
· Only a type 3 signalling is introduced. 
· The 2RX/4Rx support is declared per band for ENDC and per CC in CA.
· Type 3 UE can only be declared for ENDC and NRCA combinations without simultaneous Tx/Rx.

Observation on common RF AGC mechanism: To evaluate which RRM and core UE requirements may be impacted it is important to have a common understanding on what will govern the actuation of the common RF AGC (before down mixing). Some examples may be one of the following:
· Best performance for the lowest signal
· Best performance for the highest signal
· Best compromise for both signal
· Best performance for the signal with the highest MCS
· Best performance for the primary cell versus secondary cell
· Any other
· Any combination of the above.
Observation on common RF AGC behavior: As a starting point the target AGC behavior can be assumed to be similar to the support of high MCS (minimum 256QAM) as close as reasonable possible above REFSENS. 
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