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1 Introduction

In RAN#103 plenary meeting, the WID on UE RF enhancement for NR FR1/FR2 was approved in [1]. Where one of the objectives is to enable 6Rx on a NR FR1 single carrier for handheld and FWA UE. 
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario

· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers

· Specify the Rx requirements including reference sensitivity requirements for support 6Rx

· Note: the specified requirements can be applicable to both handheld UE and FWA devices

· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability

· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


In this contribution, we provide our analysis the potential UE RF requirements for 6Rx UE.
2 Discussion
2.1

6Rx UE RF requirements for single carrier
In Rel-18, RAN4 had defined the necessary requirements to support 8Rx UE for CPE/FWA/vehicle/industrial devices, and one of main requirements for 8Rx is to specify the REFSENS requirement. According to the specification in [2], for UE(s) equipped with 8 Rx antenna port (band n7, n41, n77/n78/n79), the reference sensitivity is defined on top of the requirements for 2Rx antenna ports with some modification by ΔRIB,8R for the diversity gain compared with 2Rx. 
	For UE(s) equipped with 8 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table 7.3.2-1b shall be modified by the amount given in ΔRIB,8R in Table 7.3.2-2a for the applicable operating bands.

Table 7.3.2-2a: Eight antenna port reference sensitivity allowance ΔRIB,8R

Operating band

ΔRIB,8R (dB)

n7
-4.5

n41
-4.3

n77, n78, n79

-4.0

NOTE 1:
8 Rx operation is targeted for FWA/CPE/Vehicle/Industrial devices form factor.



In Rel-19, RAN4 is tasked to specify the core requirements to enable 6Rx for both handheld UE and FWA. Similar as 8 Rx UE, RAN4 needs to discuss and define the reference sensitivity and ΔRIB, 6R for both handheld and FWA UE.
For NR 4Rx UE, considering the impacted factors, e.g., coupling among Rx paths and antenna correlation, the ΔRIB,4R is defined 2.7dB or 2.2 other than the ideal 3dB for different frequency ranges. 
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n13, n26, n28, n71, n85, n105
	-2.71

	n5, n8, n28, n71, n20, n26
	-2.42

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:
When 4 Rx operation is supported by FWA form factor
NOTE 2:
When 4Rx operation is supported by handheld UE.


For NR 6Rx UE, as the number of Rx path is further increased compared with NR 4Rx UE, it can be expected the impact of coupling and antenna correlation would be more serious. Consequently, the diversity gain between 4Rx and 6Rx should not be increased linearly compared to that between 2Rx and 4Rx for the same UE types. In addition, the example bands are higher frequency bands, e.g., n41, n77/n78, n79, n104. RAN4 needs to discuss how to tight the requirement compared with 4 Rx UE for the example bands. Another issue is whether to define different requirements for handheld UE and FWA separately, from our point of view, the impacted factors (coupling among Rx paths and antenna correlation) could be more improved compared with handheld UE types due to the potential larger form factor, the tighten value of ΔRIB, 6R would be different between handheld UE and FWA. 
Observation 1: The impact of coupling and antenna correlation should be considered when determining the diversity gain for 6Rx UEs.
Proposal 1: RAN4 needs to determine whether to define different ΔRIB, 6R value for handheld UE and FWA separately.
2.2
SRS issues for 6Rx UE
As discussed in 8Rx, the issues related to AS-SRS have been discussed, and one of the controversial issue is whether or not to remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities. And the consensus is not to remove, as if UE supports PC2 and indicates TxD capability, UE may do antenna virtualization and transmit 23+23dBm while it shouldn’t (no matter the PA configuration), to prevent this antenna virtualization and avoid 3dB uncertainty, applying ΔPPowerClass to PCMAX_H,f,c is necessary. For the same reason, for 6Rx UE, RAN4 should follow the same consensus that not to remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities.
Proposal 2: For 6Rx UE, RAN4 follows the same consensus that not to remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities.
Another issue is for 6Rx SRS IL, as discussed for 8Rx UE, RAN4 needs to discuss and define ΔTRxSRS for xT6R AS-SRS IL. Since the UE antennas may have difference performance, considering the possible UE implementation, the analysis of ∆TRxSRS is needed for AS-SRS using Rx antennas.
Proposal 3: RAN4 to analyse the ∆TRxSRS for xT6R AS-SRS IL.
1 Conclusion

In this paper, we provide our views on NR 6Rx for handheld UE and FWA, and the following observations and proposals are provided:
Observation 1: The diversity gain between 4Rx and 6Rx is lower than that between 2Rx and 4Rx for the same UE type.
Proposal 1: RAN4 needs to determine whether to define different ΔRIB, 6R value for handheld UE and FWA separately.

Proposal 2: For 6Rx UE, RAN4 follows the same consensus that not to remove ΔPPowerClass applied for PCMAX_H,f,c  for a PC2 capable UE with txDiversity-r16 and 1TxR capabilities.
Proposal 3: RAN4 to analyse the ∆TRxSRS for xT6R AS-SRS IL.
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