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Introduction
During RAN#103, the Rel-19 WI on UE RF enhancements for NR FR1 and FR2 Phase 4 has been approved. Objectives related to 6 Rx are reproduced as follows [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.
General for all the areas
· Specify release independence requirements for the core part in TS 38.307/36.307, if needed and feasible.


In this contribution, we would like to share our views regarding 6 Rx RF requirements.
Discussion
As 3GPP evolving to Rel-19, RAN4 calls for putting the commercial value as one important metric for dictating WI establishment, which can perfectly match the vision of 5G advance. Then as a qualified topic, RAN4 is tasked to study and work on FR1 RF requirements for 6 Rx handheld and FWA UE.
Fortunately, the RF requirements for 8 Rx FWA UE have been studied and specified in Rel-18 and perhaps that discussion could be used as a reference to structure the work here.
1. 6 Rx REFSENS 
a. for single band operation
b. for CA/DC operation
2. Feasibility on 6 layers
3. Antenna switching SRS requirements, including t1r6, t2r6, t3r6, t4r6
4. Insertion loss imbalance across SRS ports (leftover in Rel-18)
5. Release independent

REFSENS for 6 Rx
Different from Rel-18 study for 8 Rx, it is clearly stated in the Rel-19 WID that REFSENS for 6 Rx should be applicable for both handheld and FWA UE. Comparing to FWA type of UE, handheld UE RF design is still striving to overcome its own form factor limitation, which could be materialized into reduced margin and diversity gain that can be expected from 6 Rx. 
To elaborate more, when we consider physical antenna layout targeting 6 Rx, whether to put two additional physical antenna ports away from the existing 4 Rx (may introduce additional routing to diversity Rx branch) or consider more compact layout instead (may cause poor antenna isolation performance), can both lead to a conservative REFSENS rather than the one simply scaled on increment of Rx number or even more aggressive than that. So we prefer a slight tightened REFENS for 6 Rx based on the following existing requirements.
	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.





We propose -3dB as ΔRIB,6R for the example bands n41, n77/n78, n79, n104.    
Proposal 1: To specify -3dB as ΔRIB,6R for the example bands n41, n77/n78, n79, n104 and it is applicable to both FWA and handheld UE.
As for CA/DC scenario, if no specific issues can be identified in the future meetings, we suggest to follow the similar handling as in Rel-18 for 8 Rx once RF requirements for single band operation are determined.
Proposal 2: Hold on the discussion on 6 Rx RF requirements for CA/DC until that for single band operation is finished.
· Similar handling as 8 Rx for CA/DC in Rel-18 can be considered if no specific issue can be identified.
Before getting conclusion on REFSENS, we believe that it is no harm to clarify the support of 6 Rx is optional and its independency for the same band between single band operation and CA/DC.
Proposal 3: Clarify the support of 6 Rx as follows.
· For single band operation, the support of 6 Rx is optional.
· If a UE indicates the support of 6 Rx for a band under single band operation, then it is optional to support 6 Rx for the same band under CA/DC operation.

Feasibility on 6 Layers
As we taking a sceptical attitude towards the probability of scheduling 6 layer DL transmission in field, we feel the motivation to consider dedicated RFFE implementation to accommodate the aforementioned difficulties is insufficient, not to mention the additional costs for baseband modem. 
Spontaneously, we preform the following evaluation from two aspects.  
[image: ]
Figure 1. System level rank 4/6 scheduling distribution
As shown in figure 1, system level simulation, can be used to show that the probability of DL 6 layer scheduling, from statistical point of view, is quite low:
· Taking 4 Rx (then of course the maximum of DL layer is 4) as the baseline, system can harvest the diversity gain from 6 Rx;
· When 6 layer scheduling is allowed, the UE with qualified channel condition to support 6 layer transmission is very limited.     
Note that the SLS assumptions can be found in Annex.
Observation 1: SLS shows that the probability of DL 6 layer scheduling, is quite low:
· Taking 4 Rx (then of course the maximum of DL layer is 4) as the baseline, system can harvest the diversity gain from 6 Rx;
· When 6 layer scheduling is allowed, the UE with qualified channel condition to support 6 layer transmission is very limited.  
On the other hand, the results from link level simulation with particular consideration on non-ideal antenna isolation i.e. 10dB for handset UE can be identified as evidence on how real hardware limitation eliminates the gain which increasing SNR and 6 Rx diversity supposed to generate.      
	
	
	

	
	
	


Figure 2. Link level demodulation performance comparison between 6 Rx-Rank 4 and 6 Rx-Rank 6 considering non-ideal antenna isolation
As depicted in the above figure, the demodulation performance degradation will become severe when MCS becomes larger since error floor is occurred:
· When MCS=13, there is ~1dB gap between the “ideal” rank 6 curve and the other rank 6 curve labelled with 10 dB antenna isolation;
· For MCS=20~23, degradation on the maximum achievable throughputs for rank 6 is severe, while rank 4 can still achieve corresponding maximum throughputs as expected.     
Note that the LLS assumptions can be found in Annex.
Observation 2: LLS shows that the demodulation performance degradation due to non-ideal antenna isolation will become severe when MCS becomes larger since error floor is occurred:
· When MCS=13, there is ~1dB incensement on the demodulation threshold for rank 6 DL reception;  
· When MCS=20~23, degradation on the maximum achievable throughputs for rank 6 is severe, while rank 4 can still achieve corresponding maximum throughputs as expected.     
In conclusion, we suggest to consider 6 DL MIMO layers in future release.
Proposal 4: Only consider 4 DL MIMO layers in Rel-19.  

Relaxation for 6 Rx antenna switching SRS transmission
Before touching the ∆TRxSRS requirements, we would like to review the current RAN1/RAN2 status. From UE capability indication perspective, it would be clear that both 3T6R and 4T6R are not supported.
	[image: ]


Observation 3: From UE capability indication perspective, it is clear that both 3T6R and 4T6R are not supported.
As for RAN1 aspect, the following conclusion was achieved in the last RAN1 meeting [2].
	Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19


With the above RAN1 conclusion and the fact that RAN4 doesn’t support 3Tx for single band operation, we think RAN4 doesn’t need to consider related requirement for 3T6R AS-SRS at least in Rel-19.  
Proposal 5: Preclude 3T6R AS-SRS from 6 Rx ∆TRxSRS requirements discussion in Rel-19. 
· The WID shall be revised accordingly.
By further checking on RAN1 discussion, it is noticed that how to support 4T6R antenna switching SRS has been discussed in Rel-17. However, as another conclusion achieved in RAN1#107e, 4T6R antenna switching SRS was not implemented in RAN1 specification eventually. Following contents are excerpted from [3] for information.
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Therefore, it is necessary to inform RAN1 to continue the work on that, while RAN2 can wait for future inputs from RAN1 and RAN4.
Proposal 6: Inform RAN1 to start the work on enabling 4T6R AS-SRS, while RAN2 can wait for future inputs from RAN1 and RAN4.
Proposal 7: RAN4 discussion on 6 Rx ∆TRxSRS requirements should focus on 1T6R and 2T6R before RAN1 conclusion on how to support 4T6R can be available.    
Thus, RAN4 can consider corresponding requirements of following combinations at this stage:
· 1T6R
· 2T6R
· 1T6R-2T6R
One intuitive idea is to reuse what have been specified for 8 Rx. So we have the following proposal.
Proposal 8: Adopt the following ∆TRxSRS requirements.
· When antenna switching SRS capability is indicated as 't1r6' or ‘t2r6’:
· The value of ∆TRxSRS is 5.5 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.0 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.
· When antenna switching SRS capability is indicated as 't1r6-t2r6':
· The value of ∆TRxSRS is 6 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.5 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. 
Note: this is inherited from TS 38.101-1 v18.4 without any intention to revert the change in TS 38.101-1 v18.5.
The issue of insertion loss imbalance across SRS ports
To our understanding, and all simulation/analysis from our previous contributions [4, 5], the issue is self-evident since RAN4 has specified those quite large relaxation on AS-SRS transmission (at least RAN4 specification allows UE to deliver such low power and network performance suffers).
Whether or not to consider effect of loss imbalance across Rx paths
During Rel-18 discussion, concern regarding Rx IL imbalance was raised. Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL link budget for each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection. 
Observation 4: Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL of each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection.
For better illustration, we can take one proposed architecture in [6] e.g., Figure 1 for analysis. It can be calculated that the IL imbalance among Rx branches is about 0.3~0.5dB @3.5GHz which is negligible. Unfortunately, there is no example has been provided for us to better understand if there could be any exceptional but reasonable implementation. Besides, we believe it is rational that per branch REFSENS has never been studied by RAN4.
Observation 5: RAN4 has never discussed about per branch REFSENS since no exceptional but reasonable RF implementation can be provided to prove the necessity of it.
Proposal 9: Rx-Rx imbalance should not be considered for the discussion on insertion loss imbalance across SRS ports.  
The correct interpretation on “self-compensation”
Another argument is the UE shall perform self-compensation for all AS-SRS resources due to the power control is configured/performed per resource set level. 
	If a UE transmits SRS based on a configuration by SRS-ResourceSet on active UL BWP  of carrier  of serving cell  using SRS power control adjustment state with index , the UE determines the SRS transmission power  in SRS transmission occasion  as 
[image: ] [dBm]
where,
-	 is the UE configured maximum output power defined in [8, TS 38.101-1], [8-2, TS 38.101-2] and [TS 38.101-3] for carrier  of serving cell  in SRS transmission occasion 
-	 is provided by p0 for active UL BWP  of carrier  of serving cell  and SRS resource set  provided by SRS-ResourceSet and SRS-ResourceSetId
--- Omit the rest part for simplicity ---


As defined in the above excerption from TS 38.213, it is true that network possesses the full flexibility on power control for each SRS transmission occasion by taking frequency domain resource (), estimated path loss () and tuning around preliminary expectation on UL power ( and ) into account. However, the actual transmission power is determined as the smaller one between the calculation result of the above process and PCMAX for each SRS occasion.        
Thus from SRS transmission power determination perspective, “self-compensation”, e.g. the UE shall apply the same PCMAX for all AS-SRS resources (corresponding to each of every SRS occasions), is a wrongly used concept.
From performance perspective, we respect the fact that there could be UE that can deliver relatively higher PCMAX for all SRS occasions, which means it doesn’t need such high relaxation. But there could be another UE that can only meet the specified relaxation, it can be as large as 7.3dB.  
	For SRS-TxSwitch capability indicated as 't1r8-t4r8' or 't1r8-t2r8-t4r8', the following applies:
-	The value of ∆TRxSRS is 7.3 dB for bands whose FUL_high is higher than the FUL_low of n79 and 5.8 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. 
-	The value of ∆TRxSRS is 10.3 dB for bands whose FUL_high is higher than the FUL_low of n79 and 8.8 dB for bands whose FUL_high is lower than the FUL_low of n79 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 ΔPPowerClass = 0 dB and not indicating txDiversity-r16.


Proposal 10: For clarification: 
· RAN1 specification on power control doesn’t require or imply that UE shall apply the same PCMAX for all AS-SRS transmission occasions.
· Under the minimum requirement ∆TRxSRS defined in RAN4 specification, it is up to UE implementation whether to apply exact value for corresponding AS-SRS transmission occasions. 
In conclusion, RAN4 should carry on this leftover Rel-18 work and find solution to mitigate the network performance degradation caused by AS-SRS IL imbalance, at least for the UE that can merely meet the minimum requirement on ∆TRxSRS.  
Proposal 11: RAN4 should carry on this leftover Rel-18 work and find solution to mitigate the network performance degradation caused by AS-SRS IL imbalance, at least for the UE that can merely meet the minimum requirement on ∆TRxSRS.

Release independent
We think 6 Rx should not be release independent based on the following consideration. 
Although 1T6R and 2T6R AS-SRS are already covered by the physical layer specification, it has not enabled 3T6R and 4T6R AS-SRS yet as we have pointed out. The indication on full set of AS-SRS capabilities is important to release stronger network performance, while pursuing on that especially from RF perspective would require more time for the industry.  
Proposal 12: Do not consider 6 Rx as release independent. 

Conclusion
In this contribution we discussed on the FR1 UE 6 Rx RF requirements. According to the analysis, we have the following observations and proposals: 
Observation 1: SLS shows that the probability of DL 6 layer scheduling, is quite low:
· Taking 4 Rx (then of course the maximum of DL layer is 4) as the baseline, system can harvest the diversity gain from 6 Rx;
· When 6 layer scheduling is allowed, the UE with qualified channel condition to support 6 layer transmission is very limited.
Observation 2: LLS shows that the demodulation performance degradation due to non-ideal antenna isolation will become severe when MCS becomes larger since error floor is occurred:
· When MCS=13, there is ~1dB incensement on the demodulation threshold for rank 6 DL reception;
· When MCS=20~23, degradation on the maximum achievable throughputs for rank 6 is severe, while rank 4 can still achieve corresponding maximum throughputs as expected.  
Observation 3: From UE capability indication perspective, it is clear that both 3T6R and 4T6R are not supported.
Observation 4: Unlike antenna switching SRS transmission, DL reception would not require Rx switching. Consequently, IL of each Rx path should be within the same level given that it can be realized by similar PCB trace pattern and RF component selection.
Observation 5: RAN4 has never discussed about per branch REFSENS since no exceptional but reasonable RF implementation can be provided to prove the necessity of it.

Proposal 1: To specify -3dB as ΔRIB,6R for the example bands n41, n77/n78, n79, n104 and it is applicable to both FWA and handheld UE.
Proposal 2: Hold on the discussion on 6 Rx RF requirements for CA/DC until that for single band operation is finished.
· Similar handling as 8 Rx for CA/DC in Rel-18 can be considered if no specific issue can be identified.
Proposal 3: Clarify the support of 6 Rx as follows.
· For single band operation, the support of 6 Rx is optional.
· If a UE indicates the support of 6 Rx for a band under single band operation, then it is optional to support 6 Rx for the same band under CA/DC operation.
Proposal 4: Only consider 4 DL MIMO layers in Rel-19.
Proposal 5: Preclude 3T6R AS-SRS from 6 Rx ∆TRxSRS requirements discussion in Rel-19. 
· The WID shall be revised accordingly.
Proposal 6: Inform RAN1 to start the work on enabling 4T6R AS-SRS, while RAN2 can wait for future inputs from RAN1 and RAN4.
Proposal 7: RAN4 discussion on 6 Rx ∆TRxSRS requirements should focus on 1T6R and 2T6R before RAN1 conclusion on how to support 4T6R can be available.
Proposal 8: Adopt the following ∆TRxSRS requirements.
· When antenna switching SRS capability is indicated as 't1r6' or ‘t2r6’:
· The value of ∆TRxSRS is 5.5 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.0 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.
· When antenna switching SRS capability is indicated as 't1r6-t2r6':
· The value of ∆TRxSRS is 6 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.5 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. 
Note: this is inherited from TS 38.101-1 v18.4 without any intention to revert the change in TS 38.101-1 v18.5.
Proposal 9: Rx-Rx imbalance should not be considered for the discussion on insertion loss imbalance across SRS ports.
Proposal 10: For clarification: 
· RAN1 specification on power control doesn’t require or imply that UE shall apply the same PCMAX for all AS-SRS transmission occasions.
· Under the minimum requirement ∆TRxSRS defined in RAN4 specification, it is up to UE implementation whether to apply exact value for corresponding AS-SRS transmission occasions. 
Proposal 11: RAN4 should carry on this leftover Rel-18 work and find solution to mitigate the network performance degradation caused by AS-SRS IL imbalance, at least for the UE that can merely meet the minimum requirement on ∆TRxSRS.
Proposal 12: Do not consider 6 Rx as release independent. 
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Annex
SLS assumptions
	Parameter
	Value

	Frequency
	3.5GHz

	SCS
	30 kHz

	ISD
	500 m

	Bandwidth 
	100 MHz for TDD

	Frame structure
	TDD: DDDSUDDSUU

	Precoding 
	SVD

	Modulation
	Up to 256QAM

	UE Antenna configuration
	[1, 3, 2, 1, 1;1,3]

	BS Antenna configuration
	[12, 8, 2, 1, 1;4,8]

	Scheduling 
	MU-MIMO

	Traffic model
	FTP model 3



LLS assumptions
	Parameter
	Value

	Duplex mode
	FDD

	Bandwidth 
	10MHz

	SCS
	15kHz

	Channel model
	TDLA30(ns)-10(Hz), Low

	MCS index
	13,20,21,22,23

	Antenna isolation 
	10dB, Inf(MCS13)

	PDSCH allocation 
	S=2, L=12

	MIMO layers
	4/6

	PRB bundling size
	2 RBs

	Channel estimation
	Real channel estimation

	Precoding 
	Single panel type1

	Receiver
	MMSE-IRC 
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srs-AntennaSwitchingBeyond4RX-r17
Indicates whether the UE supports SRS Antenna switching for more than 4 Rx. The
capability signalling comprises the following parameters:

- supportedSRS-TxPortSwitchBeyond4Rx-r17 indicates a combination of
supported xTyRs. It includes 11-bit bitmap, where starting from the leading /
leftmost bit (bit 0), each bit corresponds to {t1r1, t2r2, t1r2, t4r4, t2r4, t1r4,
t2r6, t1r6, t4r8, t2r8, t1r8}. For any indicated value, x shall be equal to or
smaller than the one associated with the largest y.

- entryNumberAffectBeyond4Rx-r17 indicates the entry number of the first-
listed band with UL in the band combination that affects this DL.

- entryNumberSwitchBeyond4Rx-r17 indicates the entry number of the first-
listed band with UL in the band combination that switches together with this
UL.

The UE indicating support of this shall indicate support of srs-TxSwitch.
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R1-2112589 FL summary #2 on SRS enhancements = Moderator (ZTE)
From Nov 17% GTW session

For aperiodic SRS, support same start RB location hopping approach as for P/SP SRS if there are multiple frequency hopping
period in the slot.

Conclusion
InRel-17, SRS 4T6R is not supported.
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