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Background
In 3GPP RAN#99-e meeting a revised Rel-18 WID on “4Rx handheld UE for low NR bands (<1GHz) and/or 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC” has been approved [1]. One of the working areas of the WI is to specify the enhancements for 4Rx at low frequency band (<1GHz) with the following objectives:
1. 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.
In 3GPP RAN4#106bis-e meeting a Way Forward has been approved [2]. In the next section we will discuss and provide our proposals for some of the open issues from the previous meeting.
2
Discussion
2.1  
Requirements for 4Rx at low bands
The following two issues from the previous meeting on ΔRIBIB,4R requirement will be jointly discussed:
Issue 1-2-1: How to specify requirements for low band 4Rx (<1GHz)

Agreement: 

· Requirements is needed for 4Rx handheld UE, if the feasibility is confirmed

· FFS whether the new requirements will be specified or the existing requirements will be reused.
Issue 1-2-2: ΔRIB,4R
· Proposals

· Option 1: -2.7dB 

· Option 2: -2.2 dB

· Option 3: Middle value between -2.7dB and -2.2dB. 

WF: 

Further discuss in next meeting.
Since the outcome of Issue 1-2-1 depends on the outcome of Issue 1-2-2, the later will be discussed first. 

The main challenge for the support of 4Rx for handheld devices is the antenna placement, where the sufficient antenna isolation should be maintained while having as small as possible impact on mid and high-band antennas. However, the reference sensitivity is a conductive requirement which is not impacted by the antenna placement. The complexity of the front-end design has an impact on the reference sensitivity where four Rx chains need to be placed in the limited area of a handheld device (problem with Rx chains coupling). In particular, the placement of the LNA has a high impact on the noise figure where for a typical design there is an imbalance between different antennas due to their locations and their different distances to a corresponding LNA and modem, which could vary considerably.

For the support of 4Rx for low-bands (<1GHz), there is no identified issue in the front-end design compared with low mid-bands (below 3GHz), which are identified as “easy” bands when it comes to the reference sensitivity requirement and for which ΔRIB,4R=-2.7dB (where handheld devices are not precluded) [3]. On the other hand, in LTE specifications [4] band 20 is specified with ΔRIB,4R=-2.7dB for all UE types. Therefore, in our view ΔRIBIB,4R should also be specified as -2.7dB for low bands (<1GHz) in NR.
Proposal 1: Specify ΔRIB,4R = -2.7dB for low bands (<1GHz) in NR for handheld devices. 
Table 7.3.2-2 in [3] is currently defined as follows:
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


If ΔRIB,4R is agreed to be -2.7dB then there is no need to keep NOTE 1 since the requirement is the same for handheld devices as for other types of devices such as FWA. Also, the first two rows of the table could be merged. The updated table could look as follows (where all requested bands from the WID [1] are included):

 Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R

	Operating band
	ΔRIB,4R (dB)

	
	

	n1, n2, n3, n5, n8, n25, n26, n28, n30, n40, n7, n34, n38, n39, n41, n66, n70, n71, n85, n105
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	


Proposal 2: If ΔRIB,4R is agreed to be -2.7dB, NOTE 1 from Table 7.3.2-2 in TS38.101-1 could be removed and the first two rows of the table could be merged. 
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Conclusion

In this contribution, we have shared our view on some of the open issues from the previous meeting, and we have made the following proposals:
Proposal 1: Specify ΔRIB,4R = -2.7dB for low bands (<1GHz) in NR for handheld devices. 

Proposal 2: If ΔRIB,4R is agreed to be -2.7dB, NOTE 1 from Table 7.3.2-2 in TS38.101-1 could be removed and the first two rows could be merged. 
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