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Introduction
In the RAN#96, the WI for Rel-18 further RF requirements enhancement for NR and EN-DC in frequency range 1 has been approved [1]. Although part of the objectives are not stable, at least 8Rx will be discussed for certain types of UE like CPE/FWA. In this contribution, we would like to share our views regarding 8Rx RF requirements. 
	[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.



Discussion
8Rx RF requirements for single band
In Rel-15, there has been an LTE study item for necessary requirements regarding 8Rx UE. As in TR 36.757-v15 [2], obvious gain could be observed for both PDSCH and PCFICH/PDCCH demodulation performance:
	The evaluation results are summarised in the following,
-	For PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4
-	For TM2, 8Rx can achieve average 2.9dB performance gain compared to 4Rx.
-	For TM3 with dual-layer transmission, 8Rx can achieve average 3.6dB performance gain compared to 4Rx.
-	For PDSCH demodulation performance with 8Rx for the transmission with rank higher than 4
-	In EPA5 channel model with low correction, when Table 7.1.7.1-1 in TS36.213 (64QAM MCS table) is used, the average throughput gain of 8Rx with Rank>4 with respect to 4Rx with rank=4 is as large as 47.4% and 55.6% at SNR of 36dB and 40dB respectively. And when Table 7.1.7.1-1A in TS36.213 (256QAM MCS table) is used, the throughput gain of 8Rx with Rank> 4 with respect to 4Rx with rank=4 is as large as 28.3% at 40dB SNR where the highest gain is observed under rank=7 transmission.
-	For SDR, the 8Rx can achieve 73% and 74% SDR gain compared to 4Rx for 64QAM and 256QAM respectively.
-	PCFICH/PDCCH demodulation performance with 8Rx
-	With the same CCE aggregation level for both 8Rx and 4Rx, 8Rx can achieve average 3dB performance gain compared to 4Rx with 4CCE aggregation level. 8Rx with 2CCE aggregation level has slight performance gain compared to 4Rx with 4CCE aggregation level.
-	It is observed that the PDCCH/PCFICH demodulation performance gain from 8Rx is either achieved at the SNR lower than -5dB where UE may have handed over to a new cell, or at a Pm-dsg below 1% that brings little improvement on the effective PDSCH throughput.


Theoretically, 3dB gain could be expected due to the additional diversity at receiver comparing with 4Rx. Besides 8Rx could enable higher layer DL transmission when the channel condition is good enough. But from implementation perspective, some reasonable margin shall be considered when the 8Rx gain needs to be reflected at least in related RF requirements.
Later with the WI for 8Rx [3], LTE Band 41, 42 and 43 were listed as the target frequency bands and 8Rx RF requirements were defined for single carrier scenario first. As proposed in [4], 4dB delta comparing to 2Rx REFSENS was considered which was aiming to cover the following factors:
1. 8Rx UE will lead to complexity on front-end design with loss, including the FEM placement and PCB layout;
2. 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. 
Observation 1: In LTE phase, 4dB delta comparing to 2Rx REFSENS, i.e. ΔRIB, 8Rx = -4dB was specified for Band 41, 42 and 43.
When it comes to NR, CPE/FWA UE architecture could be updated. Thus for the NR example bands, which are almost overlapping with the specified 8Rx LTE bands, we feel the delta REFSENS for 8Rx shall be reconsidered. Furthermore, simulation might be needed but we can start with assumption alignment first. Thus we have the following proposal:
Proposal 1: For NR, ΔRIB, 8Rx could be further discussed since CPE/FWA UE architecture may have been upgraded.
· Simulation inputs might be needed for the network performance evaluation regarding 8Rx UE. 
8Rx RF requirements for band combination
During the Phase II of the LTE 8Rx WI, CA case has been discussed. Eventually the same REFSENS exception for 8Rx supported single band is applied for CA scenario:
[image: ]
Observation 2: LTE conclusion for CA scenario: when no exception is allowed, the REFSENS for the 8Rx capable band is tightened with the same value as ΔRIB, 8Rx for single carrier.
The specified band combination could be found as below:
Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA
	CA_41C5
	CA_41C
	10
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	40
	0
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	15, 20
	
	
	
	
	

	
	
	20
	10, 15, 20
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	40
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	15, 20
	
	
	
	
	

	
	
	20
	5, 10, 15, 20
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	15, 20
	
	
	
	40
	2

	
	
	15
	10, 15, 20
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	10, 15, 20
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	20
	
	
	
	40
	3

	
	
	20
	20
	
	
	
	
	

	CA_42C5
	CA_42C
	5, 10, 15, 20
	20
	
	
	
	40
	0

	
	
	20
	5, 10, 15
	
	
	
	
	

	
	
	10, 15, 20
	20
	
	
	
	40
	1

	
	
	20
	10, 15
	
	
	
	
	

	NOTE 5:	8Rx Requirements are applicable for this band configuration if UE supports 8Rx.


[bookmark: _Hlk12890256]Table 5.6A.1-2: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA (two bands)
	CA_41A9-42A9
	CA_41A-42A
	41
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	
	42
	
	
	
	Yes
	Yes
	Yes
	
	

	NOTE 9:	8Rx Requirements are applicable for this band configuration if UE supports 8Rx.



For NR, we expect that 8Rx is still not mandatory. And the specific band combination which will support 8Rx shall be proposed by operators based on their demands, and it should be clarified that one band combination will not automatically support 8Rx if any component carrier supports 8Rx.
Proposal 2: For NR, the band combination which will support 8Rx shall be proposed by operators based on demands, not all of band combinations automatically support 8Rx if any component carrier supports 8Rx.
8Rx-related SRS issue
Refer to the discussion of 4Rx, AS-SRS shall be studied for 8Rx since the SRS transmission power degradation is inevitable. Although RAN1 has been discussed about the AS-SRS pattern design, RAN4 needs to consider non-ideal factors like the extended latency for the whole AS-SRS period or the impact from more serious insertion loss and imperfect reciprocity.
Through the specification, the following two factors related to the transmitted power configuration procedure are related to AS-SRS. Further views would be provided accordingly.
ΔPPowerClass
[image: ]
For the highlighted part, it can be understood that this 3dB relaxation for both PCMAX_L,f,c and PCMAX_H,f,c is introduced for TxD UE, since the antenna virtualization would be disabled for AS-SRS transmission with 1T1R/1T2R/1T4R capability.
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }


As for 1T8R, we think such relaxation could be reviewed, considering that additional insertion loss is already existed comparing to 4Rx which needs to be compensated and more performance degradation might be introduced from this transmission power boundary limitation. Thus we have the following proposal.
Proposal 3: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c and PCMAX_L,f, could be reviewed.
∆TRxSRS
[image: ]
AS-SRS IL has been discussed as it is a specific issue for NR 4Rx. We need to consider this issue for 8Rx since more IL could be introduced which is highly related to UE implementation. As what can be observed from the specification, two IL values were defined as below:
	The value of ΔTRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 or power class 5 or power class 1.5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16.


For instance, a 1T4R antenna switching SRS capable UE, the relative IL of one Tx chain comparing to another might be different.  
[image: ]
Figure. One example for the illustration of imbalance IL among Tx chains (4Rx)
Such issue was identified at the beginning of Rel-16 discussion, but in the end the aforementioned RF requirement seems not directly reflect it. Anyway gNB could only be aware of the “upper limit” instead of exact IL of each UE Tx chain.
Observation 3: Currently the ΔTRxSRS for xT4R AS-SRS can only differentiate the insertion loss for different frequency range, but not the exact value for different Tx chain considering real UE implementation.
As for NR 8Rx SRS IL, one simple solution is following the same way like the existing 4Rx requirements, e.g. specify XdB as the ΔTRxSRS for xT8R AS-SRS IL. Anyway, more effective solution could be discussed in order to boost overall performance by enabling network to acquire more precise info from UE. The details could be further discussed.  
Proposal 4: The ΔTRxSRS for xT8R can be further discussed.
Conclusion
In this contribution we discussed on the FR1 UE 8Rx RF requirements. According to the analysis, we have the following observations and proposals: 
Observation 1: In LTE phase, 4dB delta comparing to 2Rx REFSENS, i.e. ΔRIB, 8Rx = -4dB was specified for Band 41, 42 and 43.
Observation 2: LTE conclusion for CA scenario: when no exception is allowed, the REFSENS for the 8Rx capable band is tightened with the same value as ΔRIB, 8Rx for single carrier.
Observation 3: Currently the ΔTRxSRS for xT4R AS-SRS can only differentiate the insertion loss for different frequency range, but not the exact value for different Tx chain considering real UE implementation.
Proposal 1: For NR, ΔRIB, 8Rx could be further discussed since CPE/FWA UE architecture may have been upgraded.
· Simulation inputs might be needed for the network performance evaluation regarding 8Rx UE.
Proposal 2: For NR, the band combination which will support 8Rx shall be proposed by operators based on demands, not all of band combinations automatically support 8Rx if any component carrier supports 8Rx.
Proposal 3: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c and PCMAX_L,f, could be reviewed.
Proposal 4: The ΔTRxSRS for xT8R can be further discussed.
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ATgssgs is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching”
when

a) UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch
capability is indicated as 'tLr2' or 'tlrl-tr2’

b) UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all
configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as
'tird’ or, 'tlrd-t2rd' or 'tirl-tlr2-tlrd' or, 'trl-tIr2-t2r2-tlr4-t2r4"

©) UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS
resource set consisting of two SRS ports when the SRS-TuSwitch capability is indicated as ' t2r4' o' tird-
204", O 'tLr1-tLr2-2r2-£2r4' or 'tLr1-tLI2-2r2-tLr4-£2r4", or

d) UE transmits SRS to a DL-only carrier

The value of ATzsses is 4.5dB for bands whose Fur_siayis higher than the Fig_iuw0f 079 and 3 dB for bands
whose Fyz_jigs is lower than the Fyz u 0f 079 when the device is capable of power class 3 or power class 5 or
power class 1.5 in the band, or when the device is capable of power class 2 in the band and APeaecisss = 3 dB, or
when UE indicating txDiversity-r16-.

The value of ATzsszs is 7.5dB for bands whose Fuz sy s higher than the Fiz_iuw0f 079 and 6 dB for bands
whose Fyz_jigs is lower than the Fiz o 0f 079 during SRS transmission occasions with configured SRS resources
consisting of one SRS port when the device is capable of power class 2 in the band and APz = 0 dB and
not indicating fDiversity-r16.

For other SRS transmissions ATgxsgs is Zero;
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For the bands supporting 8 antenna ports which are in Table 7.3.1-1aa. the minimum requirements for reference
sensitivity in the reference sensitivity exception tables shall be modified by the amount given in ARz s in Table 7.3.1-
1aa for the applicable E-UTRA bands unless otherwise specified.
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APpoyerClass =

- 3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is
indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FRI is absent and the field of UE
capability maxUplinkDutyCycle-PCldot5-MPE-FRI is absent and the percentage of uplink symbols
transmitted in a certain evaluation period is larger than 50%; or when the field of UE capability
maxUplinkDutyCycle-PC2-FRI is not absent and the percentage of uplink symbols transmitted in a certain
evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact
evaluation period is no less than one radio frame); or when the field of UE capability maxUplinkDutyCycle-
PCIdot5-MPE-FRI is not absent and half the percentage of uplink symbols transmitted in a certain
evaluation period is larger than maxUplinkDutyCycle-PCldot5-MPE-FRI as defined in TS 38.306 (The exact
evaluation period is no less than one radio frame).

- 3dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB is indicated; or when the
field of UE capability maxUplinkDutyCycle-PC2-FRI is absent and the field of UE capability
maxUplinkDutyCycle-PCldot5-MPE-FRI is absent and the percentage of uplink symbols transmitted in a
certain evaluation period is between 25% and 50%; or when the field of UE capability maxUplinkDutyCycle-
PC2-FRI is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is
between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 as defined in TS 38.306 (The

exact evaluation period is no less than one radio frame); or when the field of UE capability
maxUplinkDutyCycle-PCldot5-MPE-FRI is not absent and the percentage of uplink symbols transmitted in a
certain evaluation period is larger than maxUplinkDutyCycle-PCldot5-MPE-FRI as defined in TS 38.306
(The exact evaluation period is no less than one radio frame).

- 3dB when the UE is configured with SUL configurations and the requirements of default power class are
applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2;

- 0dB otherwise;




