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Introduction
In the RAN4#104-e, initial discussion regarding 8Rx RF requirements have been done with fruitful outcomes (and also some FFS points) which are captured in the WF [1].
In the RAN4#104bis-e, some agreements were achieved but still more FFS points as below can be found in the WF [2]:
	Issue 1-2: Value of delta Rib for 8Rx
· Proposals
· Option 1: it is proposed that for n41, n7 and n77/n78, the ΔRIB,8R is -4.5 dB and only targeted for CPE/FWA/vehicle/industrial devices. (R4-2116144)(OPPO, Xiaomi, ZTE, Sony, CMCC)
· Option 1A: [-4.5dB] (MediaTek, AT&T, Ericsson)
· Option 2: Consider improving NR ΔRIB,8R from the respective LTE value if PDCCH Aggregation level=8 is specified to be used in 8RX REFSENS (R4-2216347)(Qualcomm)
· Option 3: Consider delta RIB,8R for NR CPE/FWA as -4.5dB. (R4-2216437)
· Option 4: Proposal 1: For NR CPE devices the value of ΔRIB,8R should be even lower than -4dB (higher gain with 8Rx for NR CPE devices compared with LTE). (R4-2216872)(AT&T, Ericsson, Verizon, CHTTL)
· Option 5: -4.0dB(Huawei, Apple)
· Option5A: -4.0dB if PDCCH aggregation level is not changed(Qualcomm, Verizon?)
· Other
· Not option 2. Before we agree with Option 1/3 in the end, we need to agree if we have two sets of requirements or not(Nokia)

<Recommended WF>
FFS delta Rib for 8Rx in next meeting.

Issue 2-2: Indication of ΔTRxSRS values to network
· Proposals
· [bookmark: _Hlk116716565]Option 1: RAN4 should consider the options to indicate the actual ΔTRxSRS values to network, to mitigate system impact due to high ΔTRxSRS (R4-2116347)(Huawei, Qualcomm, Ericsson)
· Option 2: For t1r8/t28r AS-SRS, allow the UE for reporting multiple ΔTRxSRS values in order to cover all different ILs between the main branch and all other branches. (R4-2216587) (Huawei, Qualcomm, Ericsson)
· Option 3: Other
· No need(OPPO)
· Need more discussion(Nokia, Apple)

<Recommended WF>
Further discuss whether indication of ΔTRxSRS values from UE to network is introduced or not: 
Option 1: Yes (introduce)
Option 2: No
Further discuss how NW to utilize this reporting.

Issue 2-3-B: power relaxation for the main branch
· Proposals
· Option 1: Non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch. (R4-2216587)(Huawei, OPPO, Huawei, )
· 1.5dB can be considered for PCMAX_L,f,c.  
· Option 2: Other
· Not support Option 1. (Nokia, AT&T, Ericsson)
· Option 1 seems to relax MOP (Nokia, AT&T)
· he real delta in 4RX SRS vs 8RX SRS can be optimised in real designs in RF FE planning (Qualcomm)
· Question on relation with issue 2-3-B(Apple)

<Recommended WF>
Further discuss whether non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch:
· Option 1: Yes (non-zero)
· Option 2: No

Issue 3-1: ΔPpowerclass for PCMAX_H,f,c
· Proposals
· Option 1: Consider to revise the ΔPpowerclass specification to not to apply into SRS PCMAX_H,f,c for PC2 capable UE with txDiversity-r16 and xT8R capabilities (R4-2216347)(Huawei, OPPO)
· Option 2: Proposal 3: For a UE indicating the support of TxD and 1T8R AS-SRS, the ΔPPowerClass applied for PCMAX_H,f,c could be removed. (R4-2216587) (Huawei, OPPO)
· Option 3: Other
· Need further discussion (Nokia, Qualcomm)
· should discuss the broader scope. e.g not only 1T8R but xT2R and xT4R as well (Qualcomm)
· Prefer not to remove(Ericsson)

<Recommended WF>
Further discuss whether to remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities:
· Option 1: Yes (Remove)
· Option 2: No
Further discuss handling of xT2R and xT4R.


In this contribution, we would like to share our views regarding some discussion points for 8Rx RF requirements.
Discussion
On the delta Rib for 8Rx  
This issue has been discussed for the last two meetings. Some components would prefer to reconsider implementation margin to better realize the diversity gain from 8Rx, so better delta Rib has been proposed for 8Rx capable NR CPE/FWA UE than what has been specified for LTE. But from our understanding, one challenge for the RF design of a NR UE is more features, e.g., wide CBW and CA, shall be jointly considered. Consequently, more complex layouts to bear more RF components would be an implementation choice, which may lead to even worse performance than LTE.         
Proposal 1: Reuse -4dB as the delta Rib for 8Rx in NR.
 
ΔPPowerClass for PCMAX_H, f, c
The following definition of ΔPPowerClass is excerpted from TS 38.101-1: 
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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 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 }


It is also our understanding for PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE, if such UE further indicates SRS-TxSwitch capability as e.g. ‘t2ry’, then 0dB shall be applied for ΔPPowerClass. 
As for 8Rx capable UE, we think such relaxation could be removed for the PCMAX_H,f,c, 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 propose a draft CR in [5].
Proposal 2: Draft CR in R4-2219494 for capturing the following enhancement:
· For a PC2 capable UE with the support of TxD or a PC1.5 capable UE, if it further indicates the support of 1T8R AS-SRS, the ΔPPowerClass=3dB applied for PCMAX_H,f,c should be removed. 

Increasing main branch IL due to 8Rx
As one FFS point, the IL on main branch becomes more serious especially for 8Rx and such issue can be observed based on the inputs from last meeting. Our example for RF architectures comparison between ‘t2r8’ and ‘t2r4’ can be found as below.
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Figure 1. Example for possible RF architecture between ‘t2r8’ (left) and ‘t2r4’ (right) capable UE
Also, the example for RF architectures comparison between ‘t1r8’ and ‘t1r4’ is given as below.
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Figure 2. Example for possible RF architecture between ‘t1r8’ (left) and ‘t1r4’ (right) capable UE
Regardless the SRS antenna switch capability (which is mapping to the Tx branch number) of a UE, it can be observed for the main branch that more IL can be expected considering different RF switch shall be used (SPDT -> SP4T for 2Tx case and ‘SP4T -> SP8T’ for 1Tx case).  
Observation 1: For the SRS antenna switch capable 8Rx UE, more IL could be expected on the main branch. 
But in the current specification, non-zero relaxation is only defined for other branches rather than main branch:
[image: ]
Some typical RF switch IL values are presented in the following table. Obviously, the main branch’s zero IL may not be valid at least under 8Rx RF architecture. In conclusion, we propose 1.5dB.
Table 1. Typical IL value of RF switch at 2.5GHz and 3.5GHz
	
	@2.5GHz
	@3.5GHz

	SPDT
	0.6
	0.7

	SP4T
	0.9
	1

	SP8T
	1.5
	1.8


Proposal 3: Non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch.
· 1.5dB can be considered for PCMAX_L,f,c.  

On the ΔTRxSRS for 8Rx
Based on the inputs from last meeting [3, 4], we can see the necessity to reconsider the ΔTRxSRS for 8Rx and the value should be reasonable since the implementation would be more complex than 4Rx.
While there could be different choice on what type of RF switch to be implemented, one thing should also be taken into consideration is the different trace loss due to different antenna location. Considering that only 1.8/2.4dB have been proposed during the previous discussion, we suggest to also consider other value like 5dB as one candidate.   
Proposal 4: Large trace loss should also be considered for deriving the ΔTRxSRS for 8Rx, since it depends on the antenna position for different implementation.
· 5dB for n79 can be considered.  
On the IL imbalance reporting  
If we review the standardization progress of ΔTRxSRS, it has been shown that from implementation perspective the diversity branch could have large IL comparing to the main branch for 4Rx. When it comes to 8Rx, based on the inputs from last meeting [3, 4], we believe such issue would become more serious. In this regard, it was tasked for RAN4 to further study whether and how to enable UE report for this kind of imbalance since the network performance, e.g. the PMI selection accuracy, can be degraded due to the absence of this information from UE.
We provide initial simulation for 4Rx to show that there would be gain if network can compensate such imbalance, the simulation assumptions are summarized as in the following table.
Table 2. Basic Simulation Assumptions
	Parameter
	Value

	Duplex, Waveform
	TDD (DSUDD), OFDM

	Carrier Frequency
	5 GHz

	Subcarrier spacing
	30kHz

	Channel Model
	CDL-B 100ns

	UE velocity
	3km/h

	Allocation bandwidth
	20MHz

	BS antenna configuration
	64 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	SU-MIMO Rank
	2

	Precoding and precoding granularity
	SVD based sub-band precoding 
(with 4PRB precoding granularity)

	Link adaptation
	Adaptation of MCS for throughput evaluation

	Channel estimation
	Ideal DMRS channel estimation

	
	Practical SRS channel estimation

	Receiver type
	MMSE as baseline



For the simulation, 4dB additional IL is assumed for the last two branches of the 2t4r AS-SRS capable UE. As depicted in the Figure 3, about 2dB DL throughputs loss could be introduced if gNB cannot acquire the actual IL imbalance from UE. 
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Figure 3. DL throughputs loss from network assist compensation for the UE SRS IL imbalance  
Observation 2: About 2dB DL throughputs loss could be introduced due to the SRS-based cannel estimation accuracy degradation caused by 4dB IL imbalance of the last two branches assumed at the UE.
In addition, the correlation between ideal DL precoding matrix and the actual DL precoding matrix derived from SRS signal can be used to better display the gain room. The correlation factor of subband i is defined as:  

where  is the DL precoding matrix obtained by the estimated channel based on SRS and  is the ideal DL precoding matrix.
[image: ]
Figure 4. DL throughputs gain from network assist compensation  
In Figure 4, the red CDF curve shows that when SRS IL imbalance cannot be compensated, there could be ~40% estimated precoding matrix have low correlation (<0.35) with the ideal precoding matrix. While almost all estimated precoding matrix can have high correlation (<0.9) with the ideal precoding matrix if the IL imbalance can be well handled at receiver, as shown by the blue CDF curve.
Observation 3: When SRS IL imbalance cannot be compensated, there could be ~40% estimated precoding matrix have low correlation (<0.35) with the ideal precoding matrix. While almost all estimated precoding matrix can have high correlation (<0.9) with the ideal precoding matrix if the IL imbalance can be well handled at receiver.
In conclusion, we think that it can be justified that there is obvious gain if the UE can report the SRS IL imbalance to the network. The details on how to inform the network can be further studied.  
Proposal 5: Introduce the indication of SRS IL imbalance values from UE to network for both 4Rx and 8Rx. The details on how to inform the network of such UE SRS IL imbalance could be further studied.
We believe it is also necessary to inform RAN1 and RAN2 on this identified SRS IL imbalance issue.
Proposal 6: Send LS to RAN1 and RAN2 for the identified UE SRS IL imbalance issue.
· Our draft LS in R4-2219495 can be discussed as a start.
Conclusion
In this contribution we discussed on the 8Rx RF requirements for FR1 UE, we have the following observations and proposals: 
Observation 1: For the SRS antenna switch capable 8Rx UE, more IL could be expected on the main branch. 
Observation 2: About 2dB DL throughputs loss could be introduced due to the SRS-based cannel estimation accuracy degradation caused by 4dB IL imbalance of the last two branches assumed at the UE.
Observation 3: When SRS IL imbalance cannot be compensated, there could be ~40% estimated precoding matrix have low correlation (<0.35) with the ideal precoding matrix. While almost all estimated precoding matrix can have high correlation (<0.9) with the ideal precoding matrix if the IL imbalance can be well handled at receiver.
Proposal 1: Reuse -4dB as the delta Rib for 8Rx in NR.
Proposal 2: Draft CR in R4-2219494 for capturing the following enhancement:
· For a PC2 capable UE with the support of TxD or a PC1.5 capable UE, if it further indicates the support of 1T8R AS-SRS, the ΔPPowerClass=3dB applied for PCMAX_H,f,c should be removed. 
Proposal 3: Non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch.
· 1.5dB can be considered for PCMAX_L,f,c.  
Proposal 4: Large trace loss should also be considered for deriving the ΔTRxSRS for 8Rx, since it depends on the antenna position for different implementation.
· 5dB for n79 can be considered.  
Proposal 5: Introduce the indication of SRS IL imbalance values from UE to network for both 4Rx and 8Rx.
Proposal 5: Introduce the indication of SRS IL imbalance values from UE to network for both 4Rx and 8Rx. The details on how to inform the network of such UE SRS IL imbalance could be further studied.
Proposal 6: Send LS to RAN1 and RAN2 for the identified UE SRS IL imbalance issue.
· Our draft LS in R4-2219495 can be discussed as a start.
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ATgxsgs 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 't1r2' or 't1rl-t1r2'

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
'tlr4' or, 'tlr4-t2r4' or 'tlrl-tlr2-t1r4' or, 't1rl-t1r2-t2r2-t1r4-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-TxSwifch capability is indicated as ' t2r4' or ' tlrd-
t2r4', or 't1rl-t1r2-t2r2-t2r4' or 't1rl-t1r2-t2r2-t1r4-t2r4', or

d) UE transmits SRS to a DL-only carrier
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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;
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