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Introduction 
With advancements in hardware and design, modern smartphones increasingly integrate multiple Rx antennas to enhance DL performance. For instance, certain foldable mobile phones have adopted 6Rx antennas. Incorporating 6Rx facilitates a higher peak data rate by enabling support for a higher number of DL MIMO layers compared to 4Rx configurations. On the other hand, due to the higher diversity it can also help increase the downlink coverage by improving the receiver sensitivity.
In 3GPP Release 18, RAN4 finalized the standardization efforts for enabling 8Rx for CPE/FWA/vehicle/industrial type of UEs. Although 6Rx was proposed and deliberated upon, it was given lower priority during the Rel-18 discussion. To enhance DL coverage and throughput for handheld UEs with larger sizes, RAN4 has approved a new WI to specify requirements for both handheld and FWA UEs [1].

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.


The following sections will discuss the objectives specified in the WI with a focus on the reference sensitivity requirement.

Discussion on the Reference sensitivity for 6Rx
The last meeting reached a WF on the requirements for 6Rx, it mainly clarified the objectives that are not in the scope of the WI, leaving further discussion on the detail requirements for 6Rx [2]:


1 Sub-topic 1-1:	General considerations for specifying ΔRIB,6R value
Way forward: The following proposals can be endorsed. 
-	Proposal 1: Define one delta value for all CBWs for each band.
-	Proposal 2: Consider different requirements for different bands.
Further discuss the following proposals:
-	Proposal 3: Study whether band n104 should be included in the high band (n77, n78 and n79) category for 6Rx case.
-	Proposal 4: RF isolation at HB and UHB frequencies and antenna placement should be well studied and understood because of their impact on REFSENS for 6Rx handheld UEs.
-	Proposal 5: Existing ΔRIB requirements for 4Rx and 8Rx can be used as a starting point to study the performance of ΔRIB for 6Rx considering the form factor of handheld and FWA UE and other impact factors.
2 Sub-topic 1-2:	ΔRIB,6R value for handheld UE and FWA
Way Forward: Further discuss if the same value is used for handheld UE and FWA.
3 Sub-topic 1-3:	ΔRIB,6R values for handheld UE and FWA
Way forward: Further discuss the ΔRIB,6R requirements.



The factors that impact the 6Rx reference sensitivity are the complexity of the RF front-end, which includes insertion loss and coupling among the Rx chains, PCB layout, antenna locations, and the components to be used. The WI objectives specify two types of UE, i.e. handheld and FWA. These two types of UE have different form factors and architecture for the RF front-end, which may lead to different reference sensitivity requirements. Ultimately, the reference sensitivity is a noise factor test.

In Rel-18, RAN4 has studied and specified ΔRIB for 8Rx for FWA (along with CPE/industrial and vehicle devices), where the current ΔRIB for UE(s) equipped with 4Rx (which also include handheld devices) and 8Rx antenna ports are as follows [3]:

Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n13, 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.



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.



It has been observed that there is no difference between the handheld and FWA devices for ΔRIB,4R requirement for the example bands of this WI, i.e. n41, n77, n78, n79 and n104.
Observation 1 [bookmark: _Toc166507850]There is no difference between the handheld and FWA devices for ΔRIB,4R requirement with the example bands of this WI.
Even though ΔRIB,8R is only intended for FWA/CPE type of UE and the form factor can be different compared to that of handheld UE, the above table for 4Rx and 8Rx can still be used as a starting point to study the performance of ΔRIB for 6Rx considering the different form factors of handheld and FWA UEs and other impact factors. Using a comparable method, it is possible to predict the ΔRIB value for 6Rx being tighter than 4Rx, yet slightly looser than 8Rx.

Observation 2 [bookmark: _Toc166507851]Following a similar approach, existing ΔRIB requirements for 4Rx and 8Rx can be used to predict the value of ΔRIB for 6Rx.

Starting from ΔRIB,4R and ΔRIB,8R as references, as the number of antenna elements is altered, the diversity gain is expected to vary by the number of antenna elements, either increasing or decreasing accordingly. However, it is well known that the relationship between the number of antenna elements and diversity gain is not strictly linear. The antenna spatial correlation and mutual coupling need to be taken into consideration. Following a similar approach when defining 4Rx and 8Rx, it is proposed to use the following ΔRIB requirements for 6Rx:

Table x: Six antenna port reference sensitivity allowance ΔRIB,6R
	Operating band
	ΔRIB,6R (dB)

	n41
	-3.6

	n77, n78, n79, n104
	-3.2




Proposal 1 [bookmark: _Toc166262176]It is proposed to use -3.6 dB for ΔRIB for 6Rx for n41, and -3.2 dB for n77, n78, n79 and n104.



Conclusion
In the previous sections, we made the following observations: 
Observation 1	There is no difference between the handheld and FWA devices for ΔRIB,4R requirement with the example bands of this WI.
Observation 2	Following a similar approach, existing ΔRIB requirements for 4Rx and 8Rx can be used to predict the value of ΔRIB for 6Rx.

Based on the discussion in the previous sections we propose the following:
Proposal 1	It is proposed to use -3.6 dB for ΔRIB for 6Rx for n41, and -3.2 dB for n77, n78, n79 and n104.
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