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Introduction
A new WI on low NR band 4Rx for handheld UE and 3Tx for inter-band UL CA and EN-DC was agreed in last RAN meeting [1]. Specifically, for 3T for band combinations with two bands, it has the following objectives:
[bookmark: _Hlk122105456]Enhancements for 4Rx at low frequency band (<1GHz)
· Study if feasible Specify requirements for handheld UE with 4Rx antennas including delta RIB,4R and ∆TRxSRS
· 4Rx is optional feature for handheld UE in low frequency bands
· Signalling impact will be considered if any.
· Low frequency bands considered in this WI is in table 4.1-1 with the contact information inside.
This contribution provides consideration on UE RF requirements supporting 4Rx for low bands (<1GHz).
Discussion
During the discussion of the 4Rx objective in RAN#98e, there is a parallel new WI specific to 4Rx is also under discussion [2]. In the end, for operating bands lower than 1GHz, the objectives are split among the two WIs. The objective in [2] is copied as below:
· Specify the 4Rx REFSENS requirement for NR FR1 bands 
· Support of 4Rx for the bands <2.6GHz added in this WI is optional
· Note 1: for operating frequency less than 1GHz, only FWA is considered. 
From the above objective, it is noted that no matter what the outcome could be from the feasibility study, at least 4Rx requirements specific to FWA for sub-1GHz bands will be defined. 
[bookmark: OLE_LINK12]Observation 1: For low bands <1GHz, at least 4Rx requirements targeted for FWA UE will be defined.
In the specification, for 4Rx, we do have different requirements for different UE types. Table below is copied from the specification [3]. 
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R [2]
	Operating band
	ΔRIB,4R (dB)

	n8, n28, n71, n105
	-2.71

	n1, n2, n3, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor


When the group discussed the 4Rx requirements, namely the delta Rib on top of REFSENS of 2Rx, the common understanding is that 3dB ideal diversity gain is not possible from implementation perspective. Interactive interference among 4 antennas due to limited antenna isolation, as well as the loss in digital domain processing, including the MRC algorithm, all would have impact to the available diversity gain for 4Rx. 
Though we have separated requirements for different form factors in the RAN4 specification, there is no specific signalling to distinguish the UE types. In our view, the current method adopted by RAN4 is workable, i.e. if later on the feasibility of 4Rx is justified for handheld UE, additional requirements for this UE type can be defined as well, and the difference of requirements for different form factors is only reflected in the RAN4 specification. 
Observation 2: Different requirements can be specified for different form factors though there is no mechanism to distinguish different UE types.
Observation 3: Requirements for 4Rx, i.e. delta Rib, is determined not only by antenna implementation but also digital domain processing.
To promote the objective of 4Rx for handheld UE, some performance measurement results were proposed in [4]. It is noted that antenna efficiency could be different among all supported antennas. In addition, antenna correlation rooted from antenna isolation in the limited space of handheld UE will definitely have impact on the performance gain brought by more supported antennas. 
Table 1 lists roughly estimated diversity gain vs. different antenna correlation after MRC. 
	Correlation factor
	Diversity gain after MRC

	0
	3.0

	0.1
	2.8

	0.2
	2.6

	0.3
	2.4

	0.4
	2.2

	0.5
	2.0

	0.6
	1.9

	0.7
	1.7

	0.8
	1.5

	0.9
	1.4

	1
	1.2


Table 1: Diversity gain vs. correction factor
According to the observation in [4] from the measurement, it says that antenna correlation could be around 0.5 for handheld UE implementation. Even from the roughly estimated data in Table 1, it can be seen that diversity gain under such condition cannot be as good as that defined for low bands FWA UE in current spec. 
Proposal 1: It is proposed that interested companies to provide more measurement data for antenna correlation/isolation for evaluation of feasibility on 4Rx for handheld UE. 
Proposal 2: It is proposed to consider both antenna implementation and digital domain processing to evaluate the possible delta Rib value for handheld UE. 
Regarding performance gain, we noticed that an alternative proposal during RAN discussion is to enhance the antenna efficiency rather than to increase the antenna numbers for low operating bands. Whether the performance gain also needs to be evaluated during the feasibility study can be further discussed in RAN4. 
Conclusion
This contribution provides consideration on 4Rx requirements for low operating bands. 
Observation 1: For low bands <1GHz, at least 4Rx requirements targeted for FWA UE will be defined.
Observation 2: Different requirements can be specified for different form factors though there is no mechanism to distinguish different UE types.
Observation 3: Requirements for 4Rx, i.e. delta Rib, is determined not only by antenna implementation but also digital domain processing.
Proposal 1: It is proposed that interested companies to provide more measurement data for antenna correlation/isolation for evaluation of feasibility on 4Rx for handheld UE. 
Proposal 2: It is proposed to consider both antenna implementation and digital domain processing to evaluate the possible delta Rib value for handheld UE. 
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