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1	Introduction 

In RAN #93-e meeting, a new work item on high power UE (power class 2) for FDD band was approved [1]. Concerning the FDD bands with narrow duplex gap such as n3 where the REFSENS impact due to uplink transmission self-interference is expected to be aggravated with increasing transmit output power, one of the WI objectives is to specify PC2 MSD requirements relative to PC3 REFSENS for the example NR bands n1 and n3 and investigate half-duplex solution to mitigate the MSD issue. To address this concern, in last RAN4 meeting we have provided the MSD analysis for n3 under PC2 PCMAX where the worst-case MSD can be seen as high as 25 dB [2]. In addition, we also performed preliminary system simulations with self-interference incorporated to compare the throughput performance between full-duplex and half-duplex operations where the advantage of half-duplex operation over full-duplex operation under HPUE domain was clearly evidenced.      

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, a hybrid duplex operation switchable between full-duplex and half-duplex modes for PC2 FDD bands had been proposed in past few RAN4 meetings [3-5]. In this contribution, we share our views on how this new feature can be implemented and optimized from signaling perspective. We also propose the half-duplex Rx/Tx switching requirement to reuse the switching times for FR1 UE not capable of full-duplex as defined in TS 38.211 Table 4.3.2-3 [6].
                   
2 Discussion

2.1	UE capability signalling

Since MSD issue may only occur to FDD bands with narrow duplex separation, the capability signalling to support hybrid duplex operation shall be defined as per band based which also indirectly implies the feature support is optional as UE is opted to not signal the capability for all FDD bands. The same capability should also be applied to the bands under any band combinations.
        
Proposal 1: The UE capability to support hybrid duplex operation for PC2 FDD bands is optional and per-band based. The same capability also applies to the bands under any band combinations.   

2.2	Hybrid duplex operation switching threshold

As the MSD or REFSENS impact level is dependent on the various factors, such as duplex distance [2], carrier bandwidth [2], and UL transmission power, having additional signaling parameters to assist network on making the decision to configure UE between full-duplex and half-duplex modes may better optimize the UE and system performance.

A switching threshold IE associated with the hybrid duplex operation capability can be defined as the UL power level as a function of carrier bandwidth. Since UE UL power level is indirectly indicated to the network through power class signalling and power headroom (PHR) reporting, the switching threshold IE field can be defined as shown in Table 2.2-1.

	CBW (MHz)
	PHR (dB)

	5
	0

	10
	0

	15
	1

	20
	2

	25
	2

	30
	3

	35
	3

	40
	3

	45
	4

	50
	4


         
Table 2.2-1 IE field for hybrid duplex mode switching threshold

Notice that the PHR numbers in the above table is for illustration purpose only. UE would report their own band dependent numbers based on their specific implementation and MSD evaluations.
 
Proposal 2: Define a switching threshold IE associated with the hybrid duplex operation capability where the field is indicated by the channel bandwidth dependent PHR values.    

2.3	Network configuration signalling  
                
While hybrid duplex operation can already be supported based on the existing duplexer implementation without hardware reconfiguration, some UE may take the advantage of half-duplex operation to bypass the duplexer which not only helps reduce the Tx path insertion loss but also alleviates the thermal stress to duplexer due to high UL transmission power.
   
Observation 1: With the introduction of hybrid duplex operation, some UE may take the advantage of half-duplex operation to bypass the duplexer which not only helps reduce the Tx path insertion loss but also alleviates the thermal stress to duplexer due to high UL transmission power.

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 left side and the duplexer on the right side. 
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Figure 2.3-1 A UE front-end architecture supporting hybrid duplex operation 

For UE with duplexer bypassing implementation, network configuration signaling to UE is required when duplex mode is to be switched. On the contrary, for UE implementation without duplexer bypassing, the network configuration signaling would not be necessary. To accommodate different UE implementations for supporting PC2 FDD bands with hybrid duplex operation, it is proposed to define an IE to indicate whether network configuration signaling to UE is needed or not.

Proposal 3: Define an IE associated with the hybrid duplex operation capability to indicate whether network configuration signaling to UE is needed or not when duplex mode is to be switched.     

2.4	Rx/Tx switching times for half-duplex operation   

Since Rx/Tx switching times for RedCap UE FDD bands under half-duplex mode have been agreed to reuse the switching times for FR1 UE not capable of full-duplex as defined in TS 38.211 Table 4.3.2-3 [6], the same requirement in our view can also be applied to hybrid duplex FDD bands under half-duplex operation.

Proposal 4: Reuse the switching times for FR1 UE not capable of full-duplex as defined in TS 38.211 Table 4.3.2-3 for hybrid duplex FDD bands under half-duplex operation.

Though there is no anticipated new RAN4 RF requirement to support the hybrid duplex operation for PC2 FDD bands, the new UE capability with mode switching threshold and network configuration signaling would need to be developed by RAN2 and acknowledged by RAN1. 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 5: 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 views on how the hybrid duplex operation feature for PC2 FDD bands can be implemented and optimized from signaling perspective. We also propose the half-duplex Rx/Tx switching requirement to reuse the switching times for FR1 UE not capable of full-duplex as defined in TS 38.211 Table 4.3.2-3.

Observation 1: With the introduction of hybrid duplex operation, some UE may take the advantage of half-duplex operation to bypass the duplexer which not only helps reduce the Tx path insertion loss but also alleviates the thermal stress to duplexer due to high UL transmission power.

Proposal 1: The UE capability to support hybrid duplex operation for PC2 FDD bands is optional and per-band based. The same capability also applies to the bands under any band combinations.

Proposal 2: Define a switching threshold IE associated with the hybrid duplex operation capability where the field is indicated by the channel bandwidth dependent PHR values.

Proposal 3: Define an IE associated with the hybrid duplex operation capability to indicate whether network configuration signaling to UE is needed or not when duplex mode is to be switched.

Proposal 4: Reuse the switching times for FR1 UE not capable of full-duplex as defined in TS 38.211 Table 4.3.2-3 for hybrid duplex FDD bands under half-duplex operation.

Proposal 5: 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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