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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In Rel-19, 6Rx objective for handheld and non-handheld devices was included in UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4[1] as below. 
	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.



Discussion
Example bands for 6Rx
The example bands for 6Rx are n41, n77/n78, n79 and n104. The example bands can be categorized according to the operating frequency region.

-Mid band: n41 (2496 MHz – 2690 MHz)
-High band:  n77/n78 (3300 MHz – 4200 MHz), n79 (4400 MHz – 5000 MHz) and [n104] (6425 MHz – 7125 MHz)

In NR 4Rx, band  n104 was considered a  high band, as shown below.
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Figure 1 4Rx reference sensitivity requiremtns in TS38.101-1

The frequency range of 4Rx high band(n48, n77, n78, n79 and n104) is quite broad, around 3800 MHz. In the case of 4 Rx, the n104 band could be considered a high band because the high frequency performance degradation of 4Rx UEs is less than 6Rx or 8Rx UEs.The complexity of UEs for 6Rx or 8Rx can be higher than 4Rx UEs, which may result in a higher potential for high frequency performance degradation. This is why it is necessary to study whether band n104 could be included in the same high band(n77, n78 and n79) category for 6Rx. In addition, the band category may vary depending on the type of UEs. The structures of handheld devices can be more complex than non-handheld dvices, which can result in different performance degradation even in the same frequency band (ex.n104), and the frequency category of handheld devices and non-handheld devices need to be considered differently.

Observation 1: The frequency range of 4Rx high band(n48, n77, n78, n79 and n104) is quite broad, around 3800 MHz. In the case of 4 Rx, the n104 band could be considered a high band because the high frequency performance degradation of 4Rx UEs is less than 6Rx or 8Rx UEs.The complexity of UEs for 6Rx or 8Rx can be greather than 4Rx UEs, which may result in a higher potential for highfrequency performance degradation.

Proposal 1: It is necessary to consider whether band n104 could be included in the same high band(n77, n78 and n79) category for 6Rx case.

Reference sensitivity requirements for 6Rx
The ideal value of ΔRIB,4R is -3 dB and ΔRIB,4R is currently defined in TS38.101-1 with a relaxation of 0.3 to 0.8 dB depeding on the operating frequency band, duplexing type and UE types(handheld or non-handheld).
Relaxation4Rx : 0.3~0.8 dB

Observation 2: The ideal value of ΔRIB,4R is -3 dB and ΔRIB,4R is currently defined in TS38.101-1 with a relaxation of 0.3 to 0.8 dB depeding on the operating frequency band, duplexing type and UE types(handheld or non-handheld).

The ideal value of ΔRIB,8R is -6 dB and ΔRIB,8R is currently defiend in TS38.101-1 with a relaxation of 1.5 to 2 dB depeding on the operating frequency band and duplexing type.
Relaxation8Rx : 1.5~2 dB

Observation 3: The ideal value of ΔRIB,8R is -6 dB and ΔRIB,8R is currently defiend in TS38.101-1 with a relaxation of 1.5 to 2 dB depeding on the operating frequency band and duplexing type.

The ideal value of ΔRIB,6R is -4.77 dB. ΔRIB,6R can be specified by considering the relaxation6Rx according to the operating frequency band and UE types similar with 4Rx and 8Rx cases, and the following equation can be applied.
ΔRIB,6R = -4.77 (ideal ΔRIB,6R) + Relaxation6Rx

The 6Rx UEs are more complex than 4Rx but less complex than 8Rx, so we can consider Relaxation6Rx to be larger than Relaxation4Rx(0.3~0.8 dB) and smaller than Relaxation8Rx(1.5~2 dB) .
[0.3 ~0.8] dB< Relaxation6Rx<[1.5~2] dB

Observation 4: The 6Rx UEs are more complex than 4Rx but less complex than 8Rx, therefore the Relaxation6Rx can be considered to be larger than Relaxation4Rx(0.3~0.8 dB) and smaller than Relaxation8Rx(1.5~2 dB) .

Proposal 2: ΔRIB,6R can be defined considering following range.
ΔRIB,6R = -4.77 (ideal ΔRIB,6R) + Relaxation6Rx
[0.3 ~0.8] dB< Relaxation6Rx<[1.5~2] dB

SRS antenna switching
To specify the ∆TRxSRS for 6Rx, the 6Rx SRS antenna switching IL analysis is required according to Tx scenarios. 

Proposal 3: To specify the ∆TRxSRS for 6Rx, it is necessary to analyse the 6Rx SRS antenna switching IL below scenarios.
· t1r6
· t2r6
· t4r6
· t1r6-t2r6
· t1r6-t2r6-t4r6
· t2r6-t4r6
· t1r6-t4r6

Conclusion

Observation 1: The frequency range of 4Rx high band(n48, n77, n78, n79 and n104) is quite broad, around 3800 MHz. In the case of 4 Rx, the n104 band could be considered a high band because the high frequency performance degradation of 4Rx UEs is less than 6Rx or 8Rx UEs.The complexity of UEs for 6Rx or 8Rx can be greather than 4Rx UEs, which may result in a higher potential for highfrequency performance degradation.

Observation 2: The ideal value of ΔRIB,4R is -3 dB and ΔRIB,4R is currently defined in TS38.101-1 with a relaxation of 0.3 to 0.8 dB depeding on the operating frequency band, duplexing type and UE types(handheld or non-handheld).

Observation 3: The ideal value of ΔRIB,8R is -6 dB and ΔRIB,8R is currently defiend in TS38.101-1 with a relaxation of 1.5 to 2 dB depeding on the operating frequency band and duplexing type.

Observation 4: The 6Rx UEs are more complex than 4Rx but less complex than 8Rx, therefore the Relaxation6Rx can be considered to be larger than Relaxation4Rx(0.3~0.8 dB) and smaller than Relaxation8Rx(1.5~2 dB) .

Proposal 1: It is necessary to study whether or not band n104 could be included in the high band(n77, n78 and n79) category for 6Rx case.

Proposal 2: ΔRIB,6R can be defined using below equation.
ΔRIB,6R = -4.77 (ideal ΔRIB,6R) + Relaxation6Rx
[0.3 ~0.8] dB< Relaxation6Rx<[1.5~2] dB

Proposal 3: To specify the ∆TRxSRS for 6Rx, it is necessary to analyse the 6Rx SRS antenna switching IL below scenarios.
· t1r6
· t2r6
· t4r6
· t1r6-t2r6
· t1r6-t2r6-t4r6
· t2r6-t4r6
· t1r6-t4r6
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Table 7.3.2-2: Four antenna port reference sensitivity allowance ARg 4z

Operating band ARis4r (dB)
n6, n8, n13, n28, n71, n85, n105 2.7
n5, n8, n28, n71, n20, 26 -2.42

n1,n2, n3, n25, n30, n40, n7, 27
n34, n38, n39, n41, né6, n70 .

48, n77,n78, n79, n104 22

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





