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1 Background
In the 3GPP RAN #96 meeting, the Work Item on “Further RF requirements enhancement for NR frequency range 1 (FR1)” was revised for Rel-18 [1]. The objectives of the core part of the Work Item include:
[bookmark: OLE_LINK20][bookmark: OLE_LINK24]Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]
· Example bands:
· TDD bands: n41, n77/ n78
· FDD bands: n7
· [bookmark: OLE_LINK25]Note 1: the total number of example band should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
· Specify the UE RF requirements to support 8Rx
· Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8
· Discussion on t4r8 shall start after at least one PC for 4Tx is completed
· NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.



Enabling 8Rx for CPE/FWA/vehicle/industrial devices has been discussed in RAN4 #104-e [2] and RAN4 #104 bis-e [3], where a way forward was agreed [4].

In this Tdoc, we discuss the Set of delta Rib for 8Rx for CPE/FWA/vehicle/industrial devices and the REFSENS of 8 RX. The REFSENS is defined as a delta Rib (improvement) to 2RX. The WF [4] discussed how to derive delta Rib for 8Rx.

…..
Issue 1-1-A: Set of delta Rib for 8Rx for CPE/FWA/vehicle/industrial devices
<GTW agreement in 14, Oct.>
Agreement:
· For both 4Tx and 8Rx
· Reuse existing component assumptions for handheld UE unless otherwise stated;
· No differentiation of CPE/FWA;
· FFS on
· Option 1:
· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 
· One set of requirements for CPE/FWA/vehicle/industrial devices;
· Option 2:
· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of requirements for CPE/FWA/vehicle/industrial devices;
Issue 1-1-B: How to derive delta Rib for 8Rx
…
<Recommended WF>
· Define one delta 8Rx RIB for all CBW
· Further discuss how to derive delta Rib for 8Rx in next meeting:
· Option 1: Evaluate achievable REFSENS for 8Rx for CPE/FWA/vehicle/industrial devices, and delta RIB for 8Rx should be performance gain compared to existing 2Rx REFSENS
· Option 2: Directly defining delta Rib for different bands while taking into account the implementation challenges and the diversity gain.
· Option 3: Other
…


2 Set of delta Rib for 8Rx for CPE/FWA/vehicle/industrial devices 
In last meeting it was agreed there should be no differentiation between CPE devices and FWA devices. When it comes to antenna isolation for vehicular UE, two options were discussed: Option 1: similar to CPE/FWA, Option 2: similar to handheld UE. Since the REFSENS and the ΔRIB are specified in the antenna connector we don’t really see how antenna isolation will affect the REFSENS and the ΔRIB requirements and we, therefore, propose one set of (conducted) requirement for CPE/FWA/vehicle/industrial devices. When it comes to TRP/TRS requirement it could be wise to further discuss the antenna isolation considering the form factors of devices.
[bookmark: _Ref118470252]Observation 1	There is no effect of antenna isolation on conducted requirements.
[bookmark: _Ref118470275]Proposal 1	Adopt one set of requirements for CPE/FWA/vehicle/industrial devices.
3 How to derive delta Rib for 8Rx 
Option 1: Deriving Rib as a delta to existing 2RX 
8RX is defined in TS 36.101 
Table 7.3.1-1aa: ΔRIB,8R
	E-UTRA Band
	ΔRIB,8R [dB]

	41, 42, 43
	- 4


[bookmark: _Hlk118294171][bookmark: _Hlk118294140]The bands overlap pretty well with n41, n77/ n78, and n7 specified in the WID. The improvement in TS 36.101 does not specify any exception for UE type, which implies that the hand-held UE type is considered. On the other hand, the WID [1] only discusses CPE/FWA/vehicle/industrial devices. Fewer design constraints are expected for CPE/FWA/vehicle/industrial devices; therefore, optimization for better performance is possible. In general, longer RF paths could be expected with 8 antenna connectors compared to 4 connectors. Again, when it comes to filter arrangements and switches, CPE/FWA/vehicle/industrial devices have more freedom to mitigate this. Thus, when it comes to filters and switches, going from 4RX to 8RX should not be significantly worse (i.e., less gain) than going from 2RX to 4RX. Therefore, gain in the range of 2.0dB to 2.5dB should be reasonable.
[bookmark: _Ref118382383]Observation 2 	NR CPE/FWA/vehicle/industrial devices can be expected to have better performance than LTE (general) UE when it comes to 8RX performance.
[bookmark: _Ref118382395]Observation 3	Gain in the range of 2.0dB to 2.5dB should de reasonable when going from 4RX to 8RX.
The four-antenna port REFSENS for NR is specified in TS 38.101-1 Table 7.3.2-2.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n8, n28, n71
	-2.71

	n1, n2, n3, 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



Applying the above reasoning, and using 2dB difference, to this, ΔRIB,8R should be -4.7dB for n7 and n41, and -4.2dB for n77/n78.

Option 2: Directly defining delta Rib for different bands
It was proposed in [5] to derive REFSENS for 8RX from the formula:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR + IM – diversity gain
From the result ΔRIB,8R could be estimated. However, from the WF [4] it is agreed the ΔRIB,8R is specified independently of the channel BW. Maybe it is to preach for the choir, but we strongly recommend that REFSENS for 8RX is specified as ΔRIB,8R, as is done for 4RX, regardless how ΔRIB,8R is derived. However, we still think the ΔRIB,8R table could be band-dependent, as is the case for the ΔRIB,4R table. Anyhow, deriving and specifying is different things. We could derive the REFSENS value for an example BW of e.g., 10MHz (SCS=15kHz). Then, the factor 10*log(RX BW) = 10*log(52*180kHz) = 69.7dB. Other channel BW and SCS could be scaled from the result. 
The first factor (-174dBm(kT)) somewhat indicates room temperature. However, REFSENS is specified over extreme temperature which should be taken into account when deriving the ΔRIB,8R table. The extreme temperature case is, therefore, embedded in the noise factor (NF). (This also applies to the extreme supply voltage, but it probably has minor or no effect on the CPE/FWA/vehicle/industrial devices.) The second factor, 10*log(RX BW), should be based on allocated RB. Deriving REFSENS for an example BW and then scaling is probably the easiest.
The third factor, NF, includes insertion losses in transmission lines, losses in filters and switches, noise figure in LNA and subsequent circuitry (even though this is minor if the LNA gain is sufficiently high), some flicker noise as well as the band-dependent factor (duplex distance compensation). According to TR 38.817 the NF is 10.5dB for band n77 and 10dB for n78 (2-antenna layout). For the 8-antenna layout we estimate the insertion loss, and thus NF, to be increased, mainly due to longer routing. This could, of course, be mitigated in a high performing device, such as high-end CPEs, by placing the LNAs close to the antenna ports or having coax cables instead of PCB micro strip. However, the standard should reflect a “normal” design. Filter and switch arrangement may look different for the 8-antenna connector device compared to the 2- or 4-connector case and therefore also influence the NF. Taking this into account, we estimate the total NF for an 8-antenna-port device to NF=12.3dB for n77 and 11.8dB for n78.
[bookmark: _Ref118382415]Observation 4	The noise figure (NF) is likely to increase for 8-antenna-port device compared to the 2-antenna-port device.
The fourth factor in the equation above is SNR, which is the Signal-To-Noise ratio required to secure 95% BER (bit error rate) in an ideal detector (rank 1). For NR SNR is -1dB for a single input. The implementation margin (IM) is, according to 38.817, 2.5dB for a 2-antenna connector device. Diversity gain is 10*log(#antenna connectors) - losses due to non-ideal antenna correlation (maybe not applicable to conducted measurement).
We can now calculate REFSENS for 8RX. For example band n77, 10MHz BW, 15kHz SCS, we obtain:
REFSENS = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain  
REFSENS = -174dBm(kT) + 69.7dB + 12.3dB – 1dB + 2.5dB – 9dB = -99.5dBm
According to TS38.101-1, Table 7.3.2-1b, REFSENS for n77, 10MHz BW, 15kHz SCS, 2RX, is -95.3dBm.
Thus the ΔRIB,8R should be -99.5dBm – (-95.3dBm) = -4.2dB

Other bands and channel BW can be calculated in the same manner. The result will be similar as using the method according to Option 1, but with a higher effort.
[bookmark: _Ref118461075]Observation 5	Both methods, according to Option 1, and according to Option 2, work for calculation ΔRIB,8R.
[bookmark: _Ref118382530]Proposal 2	We prefer using Option 1 to derive ΔRIB,8R.
[bookmark: _Ref118461891]Proposal 3	ΔRIB,8R should be -4.7dB for n7 and n41, and -4.2dB for n77/n78.

4 Conclusion
In this contribution, we have discussed the evaluation of ΔRIB,8R. In particular, we have looked into different methods of deriving ΔRIB,8R. We have also made a proposal of the value of ΔRIB,8R. The following observations and proposal have been made:
Observation 1	There is no effect of antenna isolation on conducted requirements.
Observation 2 	NR CPE/FWA/vehicle/industrial devices can be expected to have better performance than LTE (general) UE when it comes to 8RX performance.
Observation 3	Gain in the range of 2.0dB to 2.5dB should de reasonable when going from 4RX to 8RX.
Observation 4	The noise figure (NF) is likely to increase for 8-antenna-port device compared to the 2-antenna-port device.
Observation 5	Both methods, according to Option 1, and according to Option 2, work for calculation ΔRIB,8R.
Proposal 1	Adopt one set of requirements for CPE/FWA/vehicle/industrial devices.
Proposal 2	We prefer using Option 1 to derive ΔRIB,8R.
Proposal 3	ΔRIB,8R should be -4.7dB for n7 and n41, and -4.2dB for n77/n78.
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