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1 Introduction
In RAN #98 meeting, a new WID for low NR band enhancement WID, including 4Rx low band (<1GHz) for handheld UE and 3Tx for inter-band UL CA and EN-DC, was approved in [1], in which for the 4Rx low band part:
[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.
[bookmark: OLE_LINK25][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK94][bookmark: OLE_LINK17][bookmark: OLE_LINK16]In addition, some low bands are included, which are n28/n20/n8/n5/n26/n71, to support 4Rx for handheld UE. In this contributions, we give some initial discussions on the 4Rx supported in the low band (<1GHz). 
2	Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK24][bookmark: OLE_LINK4]In terms of the objectives, the feasibility on supporting 4Rx for handheld UE in the low band (<1GHz) should be studied first. Although the proponent have already provided some analysis/tests based on the commercial UE to verify the 4Rx enhancement performance of single low band (n28) in [2], some other companies hold the opposite views.
Currently, 4Rx antennas supported for low bands (<1GHz) in the specification was targeted only for FWA form factor UE type. For Mid/High bands, there was no such restrictions which means handheld UE could also support 4Rx antennas in these bands. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK7]Compared to Mid/High bands, the antenna size is larger for low band (<1GHz), which make it difficult to implement more antennas in the limited handheld UE size and meanwhile guarantee the performance, which is the key pain point. In our understanding, the main challenges are how to guarantee the performance including antenna performance like ECC (Envelop Correlation Coefficient) when handheld UE capable of 4Rx in sub-1GHz band. We think it would depend on the implementation and design, which would cause different performance result. 
Moreover, some handheld UE like flip/fold smartphones are already big enough, which may make it feasible to implement 4Rx antennas. Of course, although we think it might not proper to discuss the specific implementation and antenna design, more tests/evaluations on performance/capability might be needed.
[bookmark: OLE_LINK18]Observation 1. Whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design.
[bookmark: OLE_LINK27][bookmark: OLE_LINK19][bookmark: OLE_LINK21][bookmark: OLE_LINK31][bookmark: OLE_LINK20][bookmark: OLE_LINK32][bookmark: OLE_LINK14]In addition, when we look at table 7.3.1-1a in TS36.101 below, we can find that ΔRIB,4R requirement have already been defined for one sub-1GHz band, i.e. band 20, and it shall be noted that there are no any restrictions of FWA form factor for this band, as shown below. Without the form factor restrictions, it could be interpreted that the handheld UE could support 4Rx antennas in LTE band 20.
[bookmark: OLE_LINK29][bookmark: OLE_LINK22]Moreover, it shall be noted that the ΔRIB,4R requirement of band 20, i.e. -2.7dB, is the same with other Mid bands.
[bookmark: OLE_LINK13][bookmark: OLE_LINK1]Table 7.3.1-1a: ΔRIB,4R (Extracted from TS36.101)
	E-UTRA Band
	[bookmark: OLE_LINK12]ΔRIB,4R [dB]

	1, 2, 3, 4, 7, 20, 21, 25, 30, 34, 39, 40, 41, 66
	- 2.7

	42, 43, 52
	- 2.2


The information of band 20 is shown below:
[bookmark: OLE_LINK26]Table 5.5-1 E-UTRA operating bands (Extracted from TS36.101)
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD


Observation 2. ΔRIB,4R requirement have already been defined for LTE band 20 without restrictions of FWA form factor, and the ΔRIB,4R requirement for band 20 is the same with other Mid bands.
Meanwhile, it shall be noted that band n20 is also supported for NR, whose corresponding refarming LTE band is B20. Moreover, n20 is one of the proposed low bands (<1GHz) to support 4Rx antennas for handheld UE in terms of the objectives. 
[bookmark: OLE_LINK30]For the ΔRIB,4R requirement, it should be band specific requirement. However, we prefer to use one set of the requirement for all sub-1GHz bands. When we look at the table 7.3.3-2 in TS38.101-1 below, the ΔRIB,4R values are the same with LTE for the same band. Actually, the ΔRIB,4R values for NR bands are reused from LTE.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R (Extracted from TS38.101-1)
	Operating band
	ΔRIB,4R (dB)

	n8, n28, n71
	-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


Moreover, the ΔRIB,4R values for sub-1GHz bands are the same with Mid bands although FWA form factor is limited for sub-1GHz bands. By considering all the above situations, we propose:
[bookmark: OLE_LINK33]Proposal: ΔRIB,4R = -2.7dB for NR sub-1GHz bands to support 4Rx antennas for handheld UE.
3 Conclusion
In this contribution, we give some initial discussions on the 4Rx antennas are supported in the low band (<1GHz) for handheld UE. The conclusions are:
Observation 1. Whether or not support 4Rx in low band(<1GHz) for handheld UE depend on the implementation and design.
Observation 2. ΔRIB,4R requirement have already been defined for LTE band 20 without restrictions of FWA form factor, and the ΔRIB,4R requirement for band 20 is the same with other Mid bands.
Proposal: ΔRIB,4R = -2.7dB for NR sub-1GHz bands to support 4Rx antennas for handheld UE.
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