14

[bookmark: historyclause]3GPP TSG RAN Meeting #103		RP-240511
Maastricht, The Netherlands, March 18 – 22, 2024	

Agenda item:	9.5.4.2
Source:	Apple
Title:	On n28 with full band duplexer
WI/SI:	HPUE_NR_FR1_FDD_R18
Release:	Rel-18
Document for:	Discussion and Decision

1	Introduction 
The WID [1] is scope is to achieve improvements on uplink coverage by introducing PC2 to several FDD bands. Band n28 is one of the bands under discussion for PC2. Companies provided simulations results for n28 using single duplexer architecture [2] which diverts from the common dual duplexer assumption. This contribution focuses on discussion for n28 and provides analysis with single duplexer architecture. Efforts are made to identify potential issues with single duplexer and legacy UEs. Finally, implications and issues with respect to LTE are laid out and proposals are made for next steps.
During the RAN4 #110 meeting this issue was discussed without a satisfactory conclusion.  With some companies proposing to continue to introduce partial requirements for the single duplexer n28 implementation [3], it is useful to seek guidance from RAN.  This contribution reviews the technical aspects related to the potential introduction of requirements for single duplexer band n28 and recommends a way to move forward.
2  Discussion
2.1 Simulation assumptions
The following assumptions and requirements for the simulations are used:
· Power Class 3 & 2
· Fixed Bias
· NR Waveform
· Calibration: 1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB0
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc

2.2 Simulation results UE-to-UE Coexistence
The situation for UE-to-UE coexistence for a 10MHz channel with lower edge at 718MHz is depicted below. The in-band emission limit is applicable up to 703MHz since no Note 15 is used. Note 15 causes the emission requirement to be applicable inside the FOOB range and is used for certain other protected frequency ranges, however it is not used in this case. Additionally Note 34 restricts the LCRB to a maximum of 30RBs. Additionally, RB_start is limited to 1 < RB_start < 48.
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The reported OBO in Table 1 considers only the UE-to-UE coexistence requirements but no other emission limits. According to the simulations no additional A-MPR is required to meet the in-band UE-to-UE coexistence requirements. The restrictions in LCRB, RB_start and the FOOB range result in MPR being enough for compliance.
Observation 1: According to the simulations no additional A-MPR is required to meet the in-band UE-to-UE coexistence requirements. The restrictions in LCRB, RB_start and the FOOB range result in MPR being enough for compliance.
Table 1: Power back-off for UE-to-UE coexistence requirements with single duplexer architecture
	
	PC3
	PC2

	DFT-s-OFDM
	No limitation found for DFT-s-OFDM
	No limitation found for DFT-s-OFDM

	CP-OFDM
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2.3 Simulation results NS_17
The situation for NS_17 for a 10MHz channel with lower edge at 718MHz is depicted below. The in-band emission limit is applicable up to frequency 710MHz since no exception for FOOB applies.
[image: A diagram of a radio frequency

Description automatically generated with medium confidence]
The reported OBO in Table 2 only displays the back-off from NS_17 additional emission requirement (-26.2dBm/6MHz). The results indicate that additional power back-off is required for PC3 and PC2 in case of using a full-band duplexer architecture (i.e. single duplexer design). It is proposed to specify A-MPR for both power classes. The preference is to use modified MPR behaviour to distinguish legacy UEs (dual duplexer architecture) and new UEs (single duplexer architecture). The advantage compared to a new NS flag is that legacy UEs can camp on a cell and new UEs can signal their additional power back-off need. Furthermore, a new UE with superior performance could simply decide to not use the bit to indicate improved uplink power and coverage.
Observation 2: For NS_17 with full-band duplexer architecture (i.e. single duplexer design) additional power back-off is required for PC3 and PC2.
Observation 3: Introducing a new NS flag for single duplexer architecture would prevent legacy UEs to camp on the band n28 cell. Use of modified MPR behaviour would allow new and legacy UEs to camp on a cell and let the network know via bit setup whether additional power back-off is required. Additionally, a new UE with superior performance could simply decide to not use the bit to indicate improved uplink power and coverage. In total, the use of modified MPR behaviour results into more flexibility compared to a new NS flag.
Proposal 1: It is necessary to specify NS_17 A-MPR for PC3 and PC2 and make the additional power back-off available through modified MPR behaviour.
Table 2: Power back-off for NS_17 with single duplexer architecture
	
	PC3
	PC2

	DFT-s-OFDM
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	CP-OFDM
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Table 3: A-MPR regions for NS_17 for PC2
	Channel Bandwidth, MHz
	Carrier Center Frequency, Fc, MHz
	Regions
	A-MPR

	
	
	RBstart*12*SCS
MHz
	LCRB*12*SCS
MHz
	

	10 MHz
	723 ≤ Fc ≤ 728
	≤ 0.18 
	≤ 1.44
	A1

	
	
	≥ 0
	>= 5.4
	A2



Table 4: A-MPR for NS_17 for PC3
	Modulation/Waveform
	A1
	A2

	 
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ 2.0
	≤ 2.5

	
	QPSK
	≤ 2.5
	≤ 3.5

	
	16 QAM
	≤ 3.0
	≤ 4.0

	
	64 QAM
	≤ 3.0
	≤ 4.0

	
	256 QAM
	 
	

	CP-OFDM
 
 
 
	QPSK
	≤ 4.0
	≤ 5.0

	
	16 QAM
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 4.0
	≤ 5.0

	
	256 QAM
	
	 




Table 5: A-MPR for NS_17 for PC2
	Modulation/Waveform
	A1
	A2

	 
	Outer/Inner
	Outer/Inner

	DFT-s-OFDM
 
 
 
 
	PI/2 BPSK
	≤ 3.0
	≤ 3.5

	
	QPSK
	≤ 3.5
	≤ 4.5

	
	16 QAM
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 4.0
	≤ 5.0

	
	256 QAM
	 
	≤ 5.0

	CP-OFDM
 
 
 
	QPSK
	≤ 5.0
	≤ 6.0

	
	16 QAM
	≤ 5.0
	≤ 6.0

	
	64 QAM
	≤ 5.0
	≤ 6.0

	
	256 QAM
	
	 



Proposal 2: Consider tables 3, 4 and 5 when specifying A-MPR for UEs deploying single duplexer architecture for n28.
2.4 Out-of-Band rejection
The situation for UE-to-UE coexistence for a 10MHz channel with lower edge at 703MHz is depicted below. The in-band emission limit is applicable up to frequency 694MHz and not limited by FOOB since Note 15 is used. Note 15 causes the emission requirement to be applicable inside the FOOB range.
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Our simulations suggest that at least 23dB filter rejection is required inside the protected region to avoid additional power back-off for PC2. It needs to be checked whether modern technology can support this minimum rejection requirement.
Observation 4: Simulations suggest that at least 23dB filter rejection is required for frequencies below 694MHz to avoid additional power back-off for PC2.
Proposal 3: Discuss whether modern full-band duplexer technology can reach the minimum required rejection to achieve compliance with UE-to-UE coexistence requirements.
2.5 Relation to LTE
The NS_17 emission requirements for NR and LTE are quite similar. The only difference is that LTE NS_17 does not reference 3MHz CBW. It is expected that UEs need to support LTE for many years to come. Since cost efficiency is one of the most important key factors for a practical design a UE uses the same duplexer(s) for LTE and NR. A switch to full-band duplexer architecture not only impacts NR UL performance but also LTE. Consequently, there is a need to update LTE specs and introduce A-MPR for LTE PC3. 
Without A-MPR for PC3 (LTE and NR) it might not be feasible to implement full-band duplexer. A PC3 amplifier cannot fulfil the emission requirements without the support of a dual duplexer. A UE supporting PC2 for NR might be able to utilise this PC2 amplifier when transmitting LTE waveform. However, the 3dB back-off (using PC2 amplifier for PC3) together with LTE MPR is not sufficient to close the gap on emission compliance. However, even if a PC2 device would feature superior performance to achieve compliance, this would not be an ideal situation from power consumption point of view. There might also arise other issues when supporting LB-LB combinations with band 28 especially if the device uses mixed amplifier setup (e.g. PC3 + PC2).
Observation 5: New devices supporting full-band duplexer for NR would also need to implement a dual duplexer for LTE NS_17 since there is no dedicated PC3 A-MPR in LTE. This is not a realistic assumption as handhelds typically use the same duplexers for LTE and NR to save area consumption, cost and reduce complexity. Not updating LTE alongside NR might prevent the use of full-band duplexers in the field.
Proposal 4: LTE specification needs to be updated with PC3 A-MPR for NS_17 to make LTE and NR requirements suitable for full-band duplexer implementation.
2.6 Scope of WI
The latest revision of the WI description can be found here [1]. The scope is to introduce PC2 for several NR FDD bands. The impacted TS are 38.101-1 and 38.307. Changes to LTE specs are not considered. As explained above the introduction of NS_17 A-MPR to LTE is crucial for practical implementation. The WI scope needs to be expanded to include LTE. Due to the very late timing and the approaching Rel-18 closure it might be advisable to implement the full-band duplexer requirements in a later release. 
It has been stated that there is a strong demand from industry for full-band duplexer. Therefore, it would be important to specify the requirements in the upcoming release 19 where there is enough time to discuss all the issues for NR, LTE and legacy devices. Therefore, it is proposed to consider a full-band duplexer work item for Rel-19.
Observation 6: To handle all the practical implementation aspects of full-band duplexer the PC3 NS_17 A-MPR needs to be introduced to LTE. The WI scope for HPUE FDD bands does not include LTE and would require an extension to allow the modification of LTE specs. Due to the very late timing and the approaching Rel-18 closure it might be advisable to implement the full band duplexer assumption in a later release.
Proposal 5: Since there is a strong demand from industry to specify full band duplexer requirements it is proposed to create a full-band duplexer work item for Rel-19. The work item shall consider discussion on all the issues for NR, LTE and legacy devices.
4	Conclusions
This contribution provides considerations on n28 full-band duplexer architecture. The following proposals are made:
Observation 1: According to the simulations no additional A-MPR is required to meet the in-band UE-to-UE coexistence requirements. The restrictions in LCRB, RB_start and the FOOB range result in MPR being enough for compliance.
Observation 2: For NS_17 with full-band duplexer architecture (i.e. single duplexer design) additional power back-off is required for PC3 and PC2.
Observation 3: Introducing a new NS flag for single duplexer architecture would prevent legacy UEs to camp on the band n28 cell. Use of modified MPR behaviour would allow new and legacy UEs to camp on a cell and let the network know via bit setup whether additional power back-off is required. Additionally, a new UE with superior performance could simply decide to not use the bit to indicate improved uplink power and coverage. In total, the use of modified MPR behaviour results into more flexibility compared to a new NS flag.
Proposal 1: It is necessary to specify NS_17 A-MPR for PC3 and PC2 and make the additional power back-off available through modified MPR behaviour.
Proposal 2: Consider tables 3, 4 and 5 when specifying A-MPR for UEs deploying single duplexer architecture for n28.
Observation 4: Simulations suggest that at least 23dB filter rejection is required for frequencies below 694MHz to avoid additional power back-off for PC2.
Proposal 3: Discuss whether modern full-band duplexer technology can reach the minimum required rejection to achieve compliance with UE-to-UE coexistence requirements.
Observation 5: New devices supporting full-band duplexer for NR would also need to implement a dual duplexer for LTE NS_17 since there is no dedicated PC3 A-MPR in LTE. This is not a realistic assumption as handhelds typically use the same duplexers for LTE and NR to save area consumption, cost and reduce complexity. Not updating LTE alongside NR might prevent the use of full-band duplexers in the field.
Proposal 4: LTE specification needs to be updated with PC3 A-MPR for NS_17 to make LTE and NR requirements suitable for full-band duplexer implementation.
Observation 6: To handle all the practical implementation aspects of full-band duplexer the PC3 NS_17 A-MPR needs to be introduced to LTE. The WI scope for HPUE FDD bands does not include LTE and would require an extension to allow the modification of LTE specs. Due to the very late timing and the approaching Rel-18 closure it might be advisable to implement the full band duplexer assumption in a later release.
Proposal 5: Since there is a strong demand from industry to specify full band duplexer requirements it is proposed to create a full-band duplexer work item for Rel-19. The work item shall consider discussion on all the issues for NR, LTE and legacy devices.
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