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1 Introduction
RAN#95-e approved Rel-18 RF FR1 enhancements WI [1]. One of the objectives in the WI is introduction of 8Rx requirements. RAN4#104-e started the work and approved a WF [2]. This paper provides our view on the topic, especially for ΔRIB discussion.
2 Discussion
 In the last meeting, the following agreements are captured in the approved WF [2]:
< Way forward >: 

· Study possible performance of ΔRIB, 8R in NR devices compared to LTE 

· Considering the fact NR 8Rx aims for CPE/FWA/vehicle/industrial devices while LTE 8Rx aims for any types of UE 

· As impacted factors, ILs, couplings among Rx paths, and antenna correlation should be studied. Other factors are not precluded.

To have deeper understanding on how to derive the existing requirements, we made a survey on previous discussions on ΔRIB for LTE 4Rx and 8Rx. ΔRIB requirements for 4Rx and 8Rx were discussed in WIs with the WI code of LTE_4Rx_AP_DL [3] in Rel-13, and LTE_8Rx_AP_DL [4] in Rel-15, respectively.  For reference, we copy and paste ΔRIB requirements for 4Rx and 8Rx in TS 36.101.
<TS 36.101 v17.7.0>
For UE(s) equipped with 4 antenna ports, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be modified by the amount given in ΔRIB,4R in Table 7.3.1-1a for the applicable E-UTRA bands.
Table 7.3.1-1a: ΔRIB,4R

	E-UTRA Band
	ΔRIB,4R [dB]

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

	42, 43, 52
	- 2.2


For UE(s) equipped with 8 antenna ports, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be modified by the amount given in ΔRIB,8R in Table 7.3.1-1aa for the applicable E-UTRA bands.

Table 7.3.1-1aa: ΔRIB,8R
	E-UTRA Band
	ΔRIB,8R [dB]

	41, 42, 43
	- 4


 For LTE 8Rx, it seems that a related contribution for ΔRIB for 8Rx is one approved discussion paper [5]. [5] mentioned that although ΔRIB for 4Rx is -2.2dB for band 42 and -2.7dB for other bands, it is difficult to achieve the same 4Rx diversity gain compared to 2Rx considering several factors:
From [5]) For 4Rx REFSENs,ΔRIB,​4R is defined as -2.2dB for Band 42 and -2.7dB for several Bands. The diversity gain cannot reach 3dB considering of antenna design and the implementation on PCB or other aspects. Compared with 4Rx diversity gain, 8Rx enlarge the difficulties on a limited UE size. From implementation perspective, 8Rx UE will lead to complexity on front-end design with loss, including the FEM placement and PCB layout, the increase of antennas and RF chains will increase the imbalance between them, and also the antenna design may not satisfy the requirement of independence, etc. Considering of above mentioned factors, 8Rx diversity gain compared with 4Rx should be lower than 4Rx diversity gain. We propose 8Rx diversity gain compared with 2Rx written as ΔRIB,8R is 4dB.
We are not against the observation and the previous agreement, but what we would like to emphasize here is that one of the factors to decrease the gain of RIB for 8Rx is “limited UE size”. Therefore, we think there is a possibility to have better gain than -4.0dB as ΔRIB for 8Rx if we assume FWA/CPE/vehicular/industrial devices which may be larger device than handheld. We don’t think reusing -4.0dB is appropriate.
Observation 1: Existing ΔRIB requirements for LTE 8Rx of -4.0dB was derived considering handheld UE devices and limited UE size is one of the factors to decrease the gain of 8Rx requirements in reference sensitivity.

For LTE 4Rx, it also assumes handheld UE, and we can see the previous discussion forΔRIB for 4Rx in [6][7]. When deriving ΔRIB for 4Rx, it seems that RAN4 took into account the margin when REFSENS for 2Rx had been defined for each band. It means, in our understanding, that RAN4 considered absolute gain of 4Rx based on the following equation instead of just evaluating relative gain from 2Rx:

Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
Observation 2: When deriving ΔRIB requirements for LTE 4Rx, RAN4 took into account the margin when REFSENS for 2Rx had been defined. It means that RAN4 considered absolute gain of 4Rx based on the following equation instead of just evaluating relative gain from 2Rx:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
Considering the fact that existing ΔRIB requirements for 8Rx is intended for handheld device, we think the approach to evaluate absolute gain is better approach to derive ΔRIB for 8Rx for FWA/CPE/vehicle/industrial devices instead of reusing -4.0dB ΔRIB value. Hence, we made the following proposal:
Proposal: Evaluate absolute gain of 8Rx by using the following equation to derive Δ8Rx for FWA/CPE/vehicle/industrial devices:

 Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
3 Conclusion
Here we summarize our proposals: 
Observation 1: Existing ΔRIB requirements for LTE 8Rx of -4.0dB was derived considering handheld UE devices and limited UE size is one of the factors to decrease the gain of 8Rx requirements in reference sensitivity.

Observation 2: When deriving ΔRIB requirements for LTE 4Rx, RAN4 took into account the margin when REFSENS for 2Rx had been defined. It means that RAN4 considered absolute gain of 4Rx based on the following equation instead of just evaluating relative gain from 2Rx:

Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain

Proposal: Evaluate absolute gain of 8Rx by using the following equation to derive Δ8Rx for FWA/CPE/vehicle/industrial devices:

 Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
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