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Introduction
In RAN4#104e, we addressed the receiver architecture aspect for supporting a non-collocated scenario for overlapping bands with substantial PSD imbalance, as was discussed in [2]. From this, several agreements were reached in [1]. Notably, a baseline architecture (Type 2) was agreed upon, which enables 2Rx per band. In this contribution, we define the incremental hardware that is required to support the various options that enable 4Rx per band.
Discussion
Architecture options to enable 4Rx
In way forward [1], it was agreed upon that Type 2 UE (2Rx per band based on 2Rx chain per CC) would be the baseline to enable non-collocated overlapping band combinations, and that simultaneous Tx/Rx would not be supported. No agreement was reached for a new UE type that enables 4Rx / 4 layers MIMO per band. In Table 1, we provide our perspective on incremental hardware complexity required to support 4Rx per band for one or both bands, assuming different dynamic range support. In this contribution we focus on the RF/analog front end aspects, and thus on 4Rx support as from there, 4x4 DL MIMO support is only a digital BB aspect.
Table 1: NR Intra band CA configuration
	Type /
imbalance
	Band
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	HW
	comment

	1 / 6dB
full range
	1
	4
shared
	4
shared
	4
shared
	4Rx
	0.9x
	Baseline architecture

	
	2
	
	
	
	4Rx
	
	

	2 / 25dB
full range
	1
	2
	2
	2
	2Rx
	1x
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	2
	2
	2Rx
	
	

	3a / [25]dB
partial range
	1
	4
shared
	4
	4
	4Rx
	1.2x
	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 / [25]dB
partial range
	1
	4
shared
	4
	4
	4Rx
	1.4x
	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 / 25dB
full range
	1
	4
	4
	4
	4Rx
	1.5x
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range)

	
	2
	2
	2
	2
	2Rx
	
	

	4b / 25dB
full range
	1
	4
	4
	4
	4Rx
	2x
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range)

	
	2
	4
	4
	4
	4Rx
	
	



Beyond the Type 1 and 2 UEs already defined, we define two new types:
· Type 3: The two bands shares antenna and LNA (including its AGC). It supports >2Rx per band, but has restrictions on the signal dynamic range in each band for which 25dB imbalance is supported
· Sub-type 3a supports 4Rx in one band and 2Rx in the other band (for ENDC for example where 4Rx is not mandatory in the LTE band)
· Sub-type 3b supports 4Rx in both bands
· Type 4: The two bands use separate antennas and LNAs. It supports >2Rx per band, with no restrictions on the signal dynamic range in each band for which 25dB imbalance is supported
· Sub-type 4a supports 4Rx in one band and 2Rx in the other band
· Sub-type 4b support 4Rx in both bands
Observation on Type 4 UE: separate Antenna and LNA per band: 
· If the 25dB imbalance should be supported over the full signal dynamic range in each band, a fully independent path is required per total supported number of Rx including independent antennas
· Even at frequencies that exceed 3.3GHz, it is not definitive that a smartphone UE can support more than 4 good performance receive antennas.
· This approach may be more appropriate for FWA UE.

Observation on Type 3 UE: shared antenna and LNA between bands:
· LNA AGC is shared for the two bands. Thus, the 25dB imbalance is supported without limitations only when the LNA is at maximum gain until non-linearity/blocker handling limitations appear:
· When LNA AGC is set for the largest signal, the sensitivity for the lowest signal will degrade
· When LNA AGC is set for the lowest signal, the sensitivity for the largest signal and/or resilience to blockers will degrade
· It uses the same number of antennas than for the baseline case (four).
· This approach may be more appropriate for smartphone UE for bands that exceed 3.3GHz and optionally for bands that exceed 1.8GHz.

Proposals:
· Type 3 UE Architecture with 4 shared antennas and 4 shared LNAs (shared LNA AGC) is studied and specified for smartphone implementations, that includes:
· Necessary limitations or exceptions on dynamic range, REFSENS and blocking
· FFS if imbalance < 25dB would allow larger dynamic range
· Type 3a enabling 4Rx in one band and 2Rx in the other
· Type 3b enabling 4Rx in one both bands
· FFS if Type 4 architecture with 6 antennas (Type 4a enabling 4RX in one band and 2Rx in the other) or 8 antennas (Type 4b enabling 4RX in both bands) without dynamic range limitations is specified for FWA.
Conclusions
In this contribution, we itemize and define the architecture options that enable 4Rx feature for the non-collocated overlapping band combinations and formulate the following proposal.

Proposals:
· Type 3 UE Architecture with 4 shared antennas and 4 shared LNAs (shared LNA AGC) is studied and specified for smartphone implementations, that includes:
· Necessary limitations or exceptions on dynamic range, REFSENS and blocking
· FFS if imbalance < 25dB would allow larger dynamic range
· Type 3a enabling 4Rx in one band and 2Rx in the other
· Type 3b enabling 4Rx in one both bands
· FFS if Type 4 architecture with 6 antennas (Type 4a enabling 4RX in one band and 2Rx in the other) or 8 antennas (Type 4b enabling 4RX in both bands) without dynamic range limitations is specified for FWA.
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