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Introduction
In RAN4#107 meeting, enhancements for 4Rx at low frequency band has been discussed, and some agreement and open issues are captured in the WF. It is agreed that the feasibility to support low band 4Rx in handheld UE is confirmed at least for some UE. However, there are still some open issues about how to specify the ΔRIB,4R requirement for LB 4Rx and how to update the requirements in the specification. In this paper, we would like to share our view in the following.
Issue 1-1-1: Is it feasible to support low band 4Rx in handheld UE (<1GHz)
Agreement online: 
· The feasibility to support low band 4Rx in handheld UE is confirmed at least for some UE.

Issue 1-2-2:  ΔRIB,4R
· Proposals
· Option 1: -2.7dB (ZTE, Ericsson)
· Option 2: Some relaxation is needed/preferred (Samsung, vivo, Xiaomi, Sony, Google, Huawei)
· Option 2a: -2.2dB (Samsung, Sony, Google, Huawei)
· Option 2b: -2.5dB (Xiaomi)
· The current delta RIB,4R defined in Ts38.101-1 could not be used in OTA test.

WF: Value between [-2.7dB, -2.2dB] will be decided in next meeting.

Issue 1-2-1: How to specify requirements for handheld UE low band 4Rx (<1GHz)
WF: FFS whether below changes are agreeable in next meeting
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
Operating band
ΔRIB,4R (dB)
n5, n8, n28, n71, n85, n105
-2.71
n1, n2, n3, n25, 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, and for handheld UE ΔRIB,4R = TBD is applied



Discussion
According to the WF in RAN4#107, it is pointed out that the feasibility of LB 4Rx for handheld UE is confirmed at least for some UE. The remaining issues would be how to specify ΔRIB,4R requirement for LB 4Rx and how to update ΔRIB,4R in the specification. 
For ΔRIB,4R, it is reference sensitivity adjustment due to support for 4 antenna ports, which means how much the gain can be improved for REFSENS. Three options are proposed by companies in WF last meeting. Option 1 is -2.7dB which is proposed to use LTE LB B20 as a baseline to discuss LB 4Rx requirement. Option 2 is -2.2dB which is the worst value already defined in the current specification. Option 3 is to use middle value -2.5dB as a compromised solution between -2.7dB and -2.2dB. 
In our view, although RAN4 confirms LB 4Rx is feasible at least for some UE, the antenna implementation for the handheld UE to support LB 4Rx is still very challenging, especially for the flagship handheld UE. For LB 4Rx antenna design on the flagship handheld UE, it is challenging to have lower antenna correlation due to limited space in the current commercial handheld UE. In order to support LB 4Rx antenna, two possible solutions would be considered. The one solution is to add more antennas in the handheld UE, but it is too crowd for the current flagship handheld UE design to have two more antenna without impact to the legacy antenna. The other solution is to perform antenna sharing with the legacy antenna and some more antenna switches may be needed to support LB 4Rx, which may cause additional Rx performance degradation to both LB band and legacy band. No matter which solution is adopted, it would highly increase the implementation cost and complexity. Especially, in order to meet as many operator’s requirements as possible, it is very common for the flagship handheld UE to support as many bands as possible, which may also be another reason to increases more complexity for both solutions. Hence, in our view, considering very high implementation complexity for handheld UE equipped with LB 4Rx, we would like to have more relaxation to be included in ΔRIB,4R. So we propose to adopt the value ΔRIB,4R=-2.2 for LB 4Rx requirement, which is not only the majority companies’ view in the last meeting but also the acceptable lowest value already defined in the current specification.
Proposal 1: Considering very high implementation complexity for the handheld UE equipped with LB 4Rx, it is proposed to define ΔRIB,4R = -2.2.
As for the specification update for LB 4Rx requirement, in order to have good readability and alignment with FWA note, we propose to add an additional note to indicate LB 4Rx requirement for the handheld UE.  
Proposal 2: Update ΔRIB,4R for the handheld UE as the following table.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n28, n71, n85, n105
	-2.71
[-2.2]2

	n1, n2, n3, n25, 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
NOTE 2:	4 Rx operation is targeted for handheld UE



Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: Considering very high implementation complexity for the handheld UE equipped with LB 4Rx, it is proposed to define ΔRIB,4R = -2.2.
Proposal 2: Update ΔRIB,4R for the handheld UE as the following table.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n28, n71, n85, n105
	-2.71
[-2.2]2

	n1, n2, n3, n25, 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
NOTE 2:	4 Rx operation is targeted for handheld UE
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