14

[bookmark: historyclause]3GPP RAN WG4 Meeting #101-e		R4-2117989
Online, November 1st – 12th, 2021

Agenda item:	7.35.2.3
Source:	Apple
Title:	Hybrid duplex operation for PC2 FDD bands 
WI/SI:	NR_PC2_UE_FDD-Core
Release:	Rel-17
Document for:	Approval

1	Introduction 

Upon the closure of the study item on PC2 UE for FDD bands [1] in RAN4 #100-e meeting, a succeeding new work item on high power UE (power class 2) for FDD band was approved in RAN #93-e meeting [2]. Apart from the desire on extending the cell coverage area via increasing the UE transmit power, the main justification of the WID is to improve the uplink (UL) data rate in FDD bands by proportionally increasing the UL resource allocation with raising UE transmit power to maintain the same power spectral density (PSD) or SNR at gNB receiver under the same cell coverage range. However, for FDD bands with narrow duplex gap such as n3, it would not be feasible to increase UL resource allocation without impacting the REFSENS when UE channel bandwidth is wider than 10 MHz. Therefore, for certain FDD bands, running HPUE to hopefully improve the UL data rate could be a diminishing return. On the other hand, the SAR regulation would also require UE UL duty cycle to be no more than 50% to permit PC2 maximum output power transmission which would effectively offset the increase in UL resource allocation and nullify the single user UL data rate gain.

In contrast to the nominal full-duplex operation in FDD bands, the half-duplex operation in HPUE domain as proposed in [3] may benefit certain FDD bands in view of SAR and MSD mitigation where full UL RB allocation can be transmitted in a short time burst to save more power consumption as compared to full duplex operation under high UL transmission power where UL RB number restriction would cause longer UL transmission time. In this contribution, we propose to introduce an optional UE feature to support full-duplex and half-duplex switchable hybrid operation for PC2 FDD bands to effectively realize the UL performance gain for certain FDD bands.                  
2 Discussion

While the new work item on high power UE (power class 2) for FDD band was approved in RAN #93-e meeting [1] as a continuation on the preceding closed study item (SI) [2], in our view, the SI was concluded with still many remaining open issues. For example, how the UE implementation-based method for SAR compliance such as P-MPR can achieve the PC2 maximum output power at 26 dBm has not been clarified. On the other hand, for FDD bands with narrow duplex gap such as n3, the REFSENS impact without UL RB restriction was also not addressed. These two open issues can be the impediment hindering the realization of performance gain for PC2 FDD bands. On the contrary, TDD-band like half-duplex operation with duty-cycled UL can not only mitigate the SAR issue, but also avoid REFSENS impact in any channel BW and UL configuration which is also the reason why HPUE can be smoothly and successfully introduced for TDD bands.

2.1	SAR mitigation

For PC2 FDD bands, if the concept of UL duty cycle was not introduced, the UE implementation-based method for SAR compliance may always assume UL transmission is contiguous and P-MPR is applied whenever the Tx output power exceeds 23 dBm. As a result, HPUE cannot be practically realized. In this situation, the UE UL power efficiency would be degraded due to the use of PC2 PA for PC3 operation.      

Observation 1: For PC2 FDD bands, the UE implementation-based method for SAR compliance may always assume UL transmission is contiguous and P-MPR is applied whenever the Tx output power exceeds 23 dBm. As a result, HPUE cannot be practically realized.

2.2	REFSENS impact

In FDD bands, REFSENS is not only affected by the receiver thermal noise (noise figure), the Tx leakages also attribute to REFSENS degradation. Increasing UL output power would also increase the Tx leakages into DL band if duplexer isolation is not improved. On the other hand, the need for higher UL maximum output power normally would mean the UE is close to the cell edge where DL may also be near REFSENS level and become more vulnerable to the impact from Tx leakages. For FDD bands with narrow duplex gap, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation due to the Tx spectral spillage caused by intermodulation distortion, as exemplified in Table 2.2-1. This could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this work item. For FDD bands with wide duplex gap, despite UL RB allocation restriction may not be needed, REFSENS can still be degraded by elevated Tx thermal noise floor at Rx band, UE receiver 2nd order nonlinearity and large signal induced noise figure degradation due to increased UL power under HPUE operation which could impact UE DL throughput near the cell edge as well.
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	Channel BW (MHz) / NRB / UL Configurations for REFSENS / MSD (dB) (PC3) with SCS = 15 kHz

	
	
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	
	NRB
	25
	52
	79
	106
	133
	160
	188
	216
	242
	279

	n1
	NRB_UL
	25
	50
	75
	100
	128
	128
	
	128
	128
	128

	
	MSD
	0
	0
	0
	0
	0
	0
	
	0
	0
	0

	n2
	NRB_UL
	25
	50
	50
	50
	50
	48
	40
	
	
	

	
	MSD
	0
	0
	0
	0
	0
	5.8
	5.6
	
	
	

	n3
	NRB_UL
	25
	50
	50
	50
	50
	50
	50
	50
	50
	50

	
	MSD
	0
	0
	0
	0
	0
	0
	2
	5.3
	5.8
	6.8

	n5
	NRB_UL
	25
	25
	20
	20
	20
	
	
	
	
	

	
	MSD
	0
	0
	0
	4.9
	5.9
	
	
	
	
	

	n7
	NRB_UL
	25
	50
	75
	75
	72
	64
	45
	45
	
	45

	
	MSD
	0
	0
	0
	0
	0
	0
	0
	0
	
	6

	n8
	NRB_UL
	25
	25
	20
	20
	
	
	20
	
	
	

	
	MSD
	0
	0
	0.6
	4.9
	
	
	11.3
	
	
	

	n20
	NRB_UL
	25
	20
	20
	20
	
	
	
	
	
	

	
	MSD
	0
	0
	1
	1
	
	
	
	
	
	

	n25
	NRB_UL
	25
	50
	50
	50
	50
	48
	40
	40
	40
	

	
	MSD
	0
	0
	0
	0
	0
	6.2
	6
	7.6
	9
	

	n28
	NRB_UL
	25
	25
	25
	25
	
	25
	
	
	
	

	
	MSD
	0
	0
	0
	1.4
	
	11.9
	
	
	
	

	n66
	NRB_UL
	25
	50
	75
	100
	128
	160
	180
	216
	240
	

	
	MSD
	0
	0
	0
	0
	
	0
	0
	0
	0
	

	n71
	NRB_UL
	25
	25
	20
	20
	
	
	20
	
	
	

	
	MSD
	0
	0
	0.6
	4.9
	
	
	7.7
	
	
	



Table 2.2-1 Example FDD bands with or without UL RB allocation restriction for REFSENS

Observation 2: For FDD bands with narrow duplex gap, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation which could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item.    

Though all the aforementioned issues may hinder the development of HPUE for FDD bands, these issues can effectively be resolved by running half-duplex operation when UL power is above power class 3 (PC3) upper limit or certain threshold value as is further detailed below.

2.3	Half-duplex operation for FDD bands under HPUE scenario  
  
Half-duplex operation for FDD bands has been introduced since GSM and further adopted by E-UTRA for CAT-0 and MTC devices. It is also recently being considered by NR reduced capability (RedCap) UE devices [4]. The half-duplex operation for FDD bands provides the benefit of keeping away from using the higher cost and higher insertion loss duplexers, while at the expense of halving the overall UE throughput when comparing with full-duplex operation without the REFSENS impact being considered. However, when taking into account the REFSENS impact for FDD bands with narrow duplex gap under high UL transmission power, the overall UE throughput for half-duplex operation may not necessarily worse than full-duplex operation.    

Like in TDD bands, the half-duplex operation in FDD bands by nature is duty-cycled in transmission which has inherently resolved the SAR issue under HPUE scenario. On the other hand, half-duplex operation also allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex gap. As a result, full UL RB allocation can be transmitted in a shorter time burst to save power consumption as compared to full duplex operation with more frequent UL transmission due to RB number restriction to avoid REFSENS impact under high UL transmission power.

Observation 3: Half-duplex operation in FDD bands by nature is duty-cycled in transmission which has inherently resolved the SAR issue under HPUE scenario.

Observation 4: Half-duplex operation allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex gap.

Observation 5: For half-duplex operation, full UL RB allocation can be transmitted in a short time burst to save more power consumption as compared to full duplex operation with longer UL transmission time due to RB number restriction to avoid REFSENS impact under high UL transmission power.

2.4	Hybrid duplex operation for PC2 FDD bands  
                
Though half-duplex operation is well suited for PC2 FDD bands on improving the UL coverage, it does not mean the FDD bands supporting PC2 should always be running at half-duplex mode, otherwise, the spectrum efficiency would be compromised as compared to its PC3 FDD band counterpart at full-duplex operation when the UL power falls below PC3 upper limit. Therefore, we propose a hybrid duplex operation switchable between full and half-duplex modes for PC2 FDD bands. The mode switching boundary can in general be set at PC3 maximum output power or determined by the network for UE throughput and performance optimization. Below the mode switching boundary, the UE would be running at normal FDD band full-duplexer operation, and above the mode switching boundary, half-duplex operation is scheduled.

Figure 2.4-1 shows a potential UE front-end architecture to support the proposed full-duplex and half-duplex switchable hybrid operation for PC2 FDD bands. When UE is under full-duplex operation, both antenna switch and PA output switch are connected to the duplexer on the right side. When UE is under half-duplex operation, the PA output switch would be connected to the Tx bandpass filter on the left side, and antenna connection would be switched between the Tx bandpass filter on the right side and duplexer on the left side. 
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Figure 2.4-1 A UE front-end architecture for PC2 FDD bands supporting half-duplex operation 

Proposal 1: Introduce an optional UE feature to support a hybrid duplex operation switchable between full and half-duplex modes for PC2 FDD bands.  

2.5	UE capability signalling and mode configuration   

A UE capability of supporting hybrid duplex operation for PC2 FDD bands can be defined and indicated to the network in order for the network to configure UE to half-duplex mode or back to full-duplex mode as needed. The mode configuration can potentially be done semi-statically through RRC reconfiguration or dynamically through MAC-CE process. It is proposed to send an LS to RAN1 and RAN2 to inquire the necessary joint working group requirements development to enable this feature. 

Proposal 2: Send an LS to RAN1 and RAN2 to inquire the necessary joint working group requirements development to enable the hybrid duplex operation feature for PC2 FDD bands.
                                          
3	Conclusion

In this contribution, we share our view on the benefit of half-duplex operation for FDD bands under HPUE scenario and propose a hybrid duplex operation switchable between full-duplex and half-duplex modes for PC2 FDD bands.

Observation 1: For PC2 FDD bands, the UE implementation-based method for SAR compliance may always assume UL transmission is contiguous and P-MPR is applied whenever the Tx output power exceeds 23 dBm. As a result, HPUE cannot be practically realized.

Observation 2: For FDD bands with narrow duplex gap, further UL RB allocation restriction may be needed under HPUE operation to prevent REFSENS degradation which could render a countereffect on having HPUE to improve UL throughput near the cell edge as motivated by this study item.  

Observation 3: Half-duplex operation in FDD bands by nature is duty-cycled in transmission which has inherently resolved the SAR issue under HPUE scenario.

Observation 4: Half-duplex operation allows bypassing the high insertion loss duplexer and avoids REFSENS impact from transmit leakages which can save UL from RB allocation restriction for FDD bands with narrow duplex gap.

Observation 5: For half-duplex operation, full UL RB allocation can be transmitted in a short time burst to save more power consumption as compared to full duplex operation with longer UL transmission time due to RB number restriction to avoid REFSENS impact under high UL transmission power.

Proposal 1: Introduce an optional UE feature to support a hybrid duplex operation switchable between full and half-duplex modes for PC2 FDD bands.

Proposal 2: Send an LS to RAN1 and RAN2 to inquire the necessary joint working group requirements development to enable the hybrid duplex operation feature for PC2 FDD bands.
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1. Overall Description:
During the development of High-Power UE (power class 2) for FDD bands, RAN4 has recognized that for certain FDD bands with narrow dupex gap, the uplink performance improvement from high-power operation cannot be realized due to the necessary uplink RB allocation restriction to avoid the impact to downlink reference sensitivity. Such deficiency however can be mitigated by half-duplex operation in high power domain where full UL RB allocation can be transmitted in a short time burst to save more power consumption and mitigate SAR issue.

On realizing the benefit of half-duplex operation for certain FDD bands in high power domain, RAN4 has agreed to introduce an optional UE feature to support a hybrid duplex operation switchable between full and half-duplex modes for PC2 FDD bands. It is RAN4’s understanding that to support this new feature, the development of associated RAN1 and RAN2 requirements is anticipated.
           
2. Actions:
To: 3GPP TSG RAN WG1 and WG2
ACTION: RAN4 respectfully asks RAN1 and RAN2 to take the RAN4 agreement into consideration and to develop the necessary requirements to support the said new UE feature.

3. Date of Next TSG-RAN WG4 Meetings:
3GPP RAN4 #101bis-e 		January 17th – 25th, 2022		        	         Online
3GPP RAN4 #102-e 		February 21st – March 3rd, 2022		         Online

Apple Inc.
Apple Inc.
image1.png
)

S
=
Z
s





