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1 Introduction
In RAN4#83 meeting, it was agreed that requirements shall be specified for UE with 4Rx for 3.5GHz in Rel-15 NR WI [1]. In this contribution, an overview of 4Rx requirements for LTE is given and then we provide some consideration on how to define 4Rx requirements for NR. 
2 Discussion

For LTE UE, most Rx requirements are impacted by introducing 4Rx. Table 1 outlines all affected RF requirements based on agreed WF and CRs [2][3]. 
Table 1 Overview of LTE UE RF 4Rx requirements
	Requirements
	Note

	Reference sensitivity level
	REFSENS are modified by the amount of ΔRIB,4R , which are -2.7dB and -2.2dB for different bands

	Maximum input level
	Same for 2RX and 4RX AP

	ACS
	Same for 2RX and 4RX AP

	Blocking
	In-band blocking
	Retain 2 RX AP parameters but refer to the 4RX AP REFSENS

	
	Out-of-band blocking
	Retain 2 RX AP parameters but refer to the 4RX AP REFSENS

	
	Narrow band blocking
	Retain 2 RX AP parameters but refer to the 4RX AP REFSENS

	Spurious response
	Retain 2 RX AP parameters but refer to the 4RX AP REFSENS

	Receiver intermodulation
	Retain 2 RX AP parameters but refer to the 4RX AP REFSENS

	Spurious emissions
	Same for 2RX and 4RX AP

	Receiver image
	N/A.


The REFSENS had been discussed extensively. In theory, 4Rx can get 3dB performance gain without consideration of RF chain impairments and BB algorithm implementation. However, if all implementation factors are taken into account, the theoretical gain cannot be reached. Though it was argued by some companies that implementation margin for existing bands shall be considered as well, it is observed that the margin can vary band by band. On the other hand, from the system performance point of view, the purpose of 4Rx design is mainly used to support multi-layer MIMO to enhance the system performance rather than to extend the coverage. Therefore, better REFSENS may not benefit too much for the whole system performance improvement. In the end, it was agreed that the reference sensitivity requirement for 4Rx shall be differentiated by easy bands and difficult bands. 
The ΔRIB,4R values for UE supporting 4Rx are recopied from the specification as below in Table 2. 
Table 2 ΔRIB,4R for UE supporting 4Rx 
	E-UTRA Band
	ΔRIB,4R [dB]

	1, 2, 3, 7, 20, 21, 25, 39, 40, 41
	- 2.7

	42
	- 2.2


Another aspect discussed was the fallback testing for 4Rx UE [4]. In current specification, it mentions that: for an operating band in which the UE can operate using up to 4 Rx ports, it suffices to verify for conformance the additional requirements applicable for 4 Rx ports, which means that for UE supporting 4Rx, measurement of 4Rx requirements is enough and UE doesn’t need to do the duplicated test for 2Rx for the corresponding requirements. 
For NR UE supporting 4Rx ports, the similar approach for LTE can be reused to define the Rx requirements. The most important thing is to define the reference sensitivity requirement. Other Rx requirements are dependent on the REFSENS. It is expected that the REFSENS for NR would be different from that of LTE as the physical design is different and new CBWs are supported. Once the PHY parameters are determined, link level simulation can be carried out in RAN4 to derive the needed SNR for NR demodulation for different modulation schemes. REFSENS is derived based on noise floor, SNR and implementation margin (IM). For below 6GHz, IM of 2.5dB may be reused for NR as well. Once the REFSENS for NR is decided for 2Rx, the next step is to consider the ΔRIB,4R values for NR bands. These values were discussed for a long time for LTE, which already considered the reality that different bands could have different implementation capability and margins. The categorization of easy bands and difficult bands can still be used for NR if more NR bands are proposed to support 4Rx later. 
Table 3 lists the agreed NR bands and frequency range below 6GHz in Rel-15 WID [5], which are grouped as below 1.7GHz, 1.7-2.7GHz and above 3GHz frequency ranges. 
Table 3 NR bands and frequency ranges below 6GHz
	Rx Frequency ranges
	NR Bands/Band ranges 

	Below 1.7GHz
	Band 8, Band 20, Band 28, Band 71, 
1427-1518 MHz

	1.7GHz~2.7GHz
	Band 1, Band 3, Band 7, Band 41, Band 66

	Above 3GHz
	3.3-4.2 GHz, 4.4-4.99 GHz


Now we agreed that 4Rx requirements shall be defined for 3.5GHz NR band. To enhance the NR performance for supporting multi-layer MIMO, other bands in NR WID also need to be considered to specify the 4Rx UE RF requirements. As discussed for LTE, PCB size could be a constraint for supporting more antennas for lower bands below 1.7GHz. Therefore we propose to consider NR bands with Rx frequency ranges above 1.7GHz to support 4Rx in Rel-15. 
Proposal 1 It is proposed to specify 4Rx UE RF requirements for NR bands with Rx frequency range above 1.7GHz. 
Two different ΔRIB,4R values are specified in existing LTE specifications. It is known that 3dB theoretical gain cannot be reached for 4Rx ports compared to 2 Rx ports with consideration of implementation factors. For NR below 6GHz, we didn’t see the big difference for the UE compared to that of LTE from implementation point of view. Therefore, the same values are proposed to be reused for NR bands supporting 4Rx. E.g. ΔRIB,4R of 2.7dB can be reused for Band 1, Band 3, Band 7, Band 41 and Band 66, ΔRIB,4R of 2.2dB can be reused for bands in 3.3-4.2 GHz, and value for 4.4-4.99GHz is FFS.
Proposal 2 It is proposed that the same ΔRIB,4R values are reused for NR bands supporting 4Rx.
3 Conclusion

LTE UE 4Rx requirements are firstly reviewed in this contribution, which is a reference to define 4Rx requirements for NR. Based on the analysis in this contribution, we have the following proposals:
Proposal 1 It is proposed to specify 4Rx UE RF requirements for NR bands with Rx frequency range above 1.7GHz. 
Proposal 2 It is proposed that the same ΔRIB,4R values are reused for NR bands supporting 4Rx.
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