[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #95-e                                                              R4-2009164
Electronic Meeting, 25 May – 5 June, 2020

Agenda item:			6.4.3.2
Source:	Moderator (CATT)
Title:	Email discussion summary for [95e][112] 5G_V2X_NRSL_UE_RF_RX
Document for:	Information
Introduction
In RAN4#94-e-bis meeting, the corresponding CRs on Rx RF for NR V2X for TS 38.101-1 were endorsed. However, the maximum input level has not reached consensus, and companies still have concern on REFSENS and ACS for Case 2. This email discussion summary will discuss the remaining Rx RF requirements for NR V2X, including REFSENS, the maximum input level and ACS for Case 2.
The candidate targets of this email discussion for 1st round and 2nd round:
· 1st round
· Discuss the remaining issues and provide comments to make alignments.
· Companies to review the associated CR and TP, and provide comments for correction if needed.
· Assign the corresponding WF after the 1st round discussion if needed.
· 2nd round
· Further discuss the WF and revised CR if any for alignment.
· Recommend the final statuses of the WF, CR and TP.
Topic #1: Rx RF requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006259
	CATT
	Proposal 1: The same NF value (13dB) as n47 should be used for n38 REFSENS. The REFSENS of NR V2X bands are specified as Table 1.
Proposal 2: The maximum input level for NR Uu can be reused for NR V2X as specified in Table 2.
Proposal 3: The test parameters for ACS for V2X Case 2 are specified as Table 3.

	R4-2006261
	CATT
	According to [1], the remaining issues on Rx RF requirements for NR V2X are captured in this paper.

	R4-2006262
	CATT
	Draft CR R4-2005633 was endorsed in RAN4#94-e-bis meeting.
The reference sensitivity for band n38, maximum input level and adjacent channel selectivity for case 2 are updated based on R4-2005633.

	R4-2006821
	Qualcomm Incorporated
	Proposal 1: Use a value of 2.5 dB for diversity gain for NR V2X REFSENS calculations.
Proposal 2: Use Reference measurement channel and simulation assumptions given in table 1 for NR V2X REFSENSE target SNR simulation.

	R4-2008223
	Huawei, HiSilicon
	Proposal 1: It is proposed to define a single value maximum input level for all V2X CBWs, and -25dBm as well as -27dBm are proposed to be defined for 64QAM and 256QAM respectively.
Proposal 2: It is proposed to define aligned values of ACS Case 2 with NR Uu.

	R4-2006746

	LG Electronics France
	TP on remaining issues for NR V2X UE. The Rx RF part will be treated in this thread.
Proposal 1: The maximum input level for NR Uu can be reused for NR V2X as specified in Table 2.
Proposal 2: remove [] in ACS
Proposal 3: The ΔRIB,c for V2X_20_n38 is 0.2dB with HTF due to 3rd harmonic.

	
	
	



Open issues summary
Sub-topic 1-1: REFSENS
Issue 1-1-1: Diversity gain
· Proposals
· Option 1: Use a value of 2.5 dB for diversity gain for NR V2X REFSENS calculations.
· Option 2: Keep the previous agreements to define 3dB diversity gain.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Recommended WF
· Need more discussion.

Issue 1-1-2: Noise figure in licensed band (band n38)
· Proposals
· Option 1: Define NF of 13dBm for band n38 like band n47.
· Option 2: Keep the previous agreements to define NF of 9dB like NR Uu.
· Recommended WF
· Need more discussion.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
· Proposals
· Option 1: Use the reference measurement channel and simulation assumptions to derive REFSENSE target SNR level based on R4-2006821 from Qualcomm.
· Option 2: Keep the previous agreements to define target SNR level as -1dB for REFSENS.
· Option 3: Capture the REFSENS levels by using target SNR level -1dB in this meeting. Interested companies could also bring simulation results in the future meetings based on the aligned simulation assumptions. If the target SNR level based on simulation results is not -1dB, the reference measure channel can be correspondingly revised to satisfy -1dB target SNR level.

· Recommended WF
· Need more discussion.
Issue 1-1-4: ΔRIB,c for V2X_20_n38
· Proposals
· Option 1: Use the HTF to reduce the 3rd harmonic impact into n38. ΔRIB,c is 0.2dB as use shared pain approach. 
· Option 2: Keep the ΔRIB,c is TBD in TR.
· Option 3: A note should be placed either saying “No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case” or a MSD number should be put into the spec to account for sensitivity degradation when 3rd harmonic of B20 falls into the operating band of n38. A trap filter cannot reduce the 3rd harmonic sufficiently to give only 0.2 dB of REFSENS degradation if a 3rd order harmonic from B20 falls inside band n38.

· Recommended WF
· Need more discussion.

Sub-topic 1-2: Maximum input level
Issue 1-2-1: The maximum input level
· Proposals
· Option 1: Follow the maximum input levels for NR Uu for 64QAM and 256QAM.
· Option 2: -25dBm for 64QAM and -27dBm for 256QAM applicable to all CBWs.
· Recommended WF
· Need more discussion.
Sub-topic 1-3: ACS for Case 2
Issue 1-3-1: Power in transmission bandwidth configuration
· Proposals
· Option 1: Follow the proposals from CATT and Huawei (R4-2006259 and R4-2008223), decreased by 3dB by following the decision on the maximum input level.
· Option 2: Keep the previous agreements.
· Recommended WF
· Need more discussion.
Companies views’ collection for 1st round 
Open issues
	Company
	Comments

	CATT
	Issue 1-1-1: Diversity gain
Prefer option 2 to keep the diversity gain as 3dB. In terms of the REFSENS for NR Uu, the diversity gain is assumed as 3dB. There is no need to adopt the different standard for NR V2X.
Issue 1-1-2: Noise figure in licensed band (band n38)
Based on the previous agreement, the noise figure of band n47 is 4dB larger than that of the licensed band. By our understanding, this difference is primarily due to the equipment difference between V2X UE and normal UE rather than the specific bands. So the NF of n38 should be consistent with that of n47. The REFSENS gap of 4dB between n47 and n38 seems to be relatively large and unreasonable.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
In general, it is necessary to define simulation assumptions and do simulation to derive the accurate REFSENS target level. However, in the current stage, the timeline of NR V2X WI completion should be also considered. So we prefer to capture the REFSENS levels with square brackets by using target SNR level -1dB in this meeting. Interested companies could also bring simulation results in the future meetings based on the aligned simulation assumptions. If the target SNR level based on simulation results is far from -1dB, the reference measure channel can be correspondingly revised to satisfy -1dB target SNR level.
Issue 1-1-4: ΔRIB,c for V2X_20_n38
Prefer option 2. The exact value of ΔRIB,c is up to implementation. More verification seems to be needed to derive an accurate value.
Issue 1-2-1: The maximum input level
Prefer option 1. In LTE V2X, only 10MHz and 20MHz CBW are specified. The maximum input level for 10MHz and 20MHz CBWs are the same value (-22dBm for 16QAM and -23dBm for 64QAM). But 10MHz, 20MHz, 30MHz and 40MHz CBWs are specified in NR V2X, and the impact on the maximum input level arising from larger CBW should be taken into account.
Issue 1-3-1: Power in transmission bandwidth configuration
Prefer option 1. The interferer power is defined as -25dBm. The powers in transmission bandwidth configuration for different CBWs can be correspondingly derived based on the ACS levels like option 1.

	LGE
	Issue 1-1-1: Diversity gain
LGE prefer Option2 to Keep the previous agreements with 3dB diversity gain.
Issue 1-1-2: Noise figure in licensed band (band n38)
LGE prefer Option2 to keep NF 9~10dB in licensed bands. Only 13dB is allowed in n47.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
To complete NR V2X WI without [] in this meeting, LGE prefer Option2. The REFSENS level will be revised with target SNR level based on link level simulation results.
Issue 1-1-4: ΔRIB,c for V2X_20_n38
LGE prefer Option1. To reduce 3rd harmonic problem, RAN4 assume to use HTF in B20 Tx. The ΔRIB,c is decided based on shared pain approach as same LTE V2X.
Issue 1-2-1: The maximum input level
LGE prefer Option1.the Max. input level can follow NR Uu to support wide CBW.
Issue 1-3-1: Power in transmission bandwidth configuration
LGE can compromise with option 1. To support CP-OFDM, 3dB relaxation is acceptable.

	Qualcomm
	Issue 1-1-1: Diversity gain
Option 1: Use a value of 2.5 dB for diversity gain for NR V2X REFSENS calculations. The diversity gain theoretical upper limit is 3dB which cannot be achieved in real systems. A value of 2.5 dB is practically achievable and is supported by our simulation results.
Issue 1-1-2: Noise figure in licensed band (band n38)
Option 1: Define NF of 13 dB for band n38 like band n47. In V2X applications the extra 4dB increase in NF (9dB to 13dB) is required to compensate for cable losses from the UE module connector to the antenna connector on the frame of the vehicle. n47 did not require an increase in NF as it was already 13 dB which could account these cable losses.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
Option 1: Use the reference measurement channel and simulation assumptions to derive REFSENSE target SNR level based on R4-2006821 from Qualcomm. Simulations should be done to determine the target SNR that is required and on which the SL REFSENS numbers as based on. 
Issue 1-1-4: ΔRIB,c for V2X_20_n38
Option 3: A note should be placed either saying “No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case” or a MSD number should be put into the spec to account for sensitivity degradation when 3rd harmonic of B20 falls into the operating band of n38. A trap filter cannot reduce the 3rd harmonic sufficiently to give only 0.2 dB of REFSENS degradation if a 3rd order harmonic from B20 falls inside band n38.
Issue 1-2-1: The maximum input level
Option 1: Follow the maximum input levels for NR Uu for 64QAM and 256QAM. The assumption has been that the SL and Uu links have similar performance, so it is reasonable to set the maximum input levels for SL based on what is used in NR Uu.
Issue 1-3-1: Power in transmission bandwidth configuration
Option 1: Follow the proposals from CATT and Huawei (R4-2006259 and R4-2008223), decreased by 3dB by following the decision on the maximum input level. The 3dB decrease in power level is acceptable to account for the higher PAPR in CP-OFDM


	Huawei
	Issue 1-1-1: Diversity gain
Option 2, to keep the diversity gain as 3dB. The implementation loss of diversity gain is considered in the IM.
Issue 1-1-2: Noise figure in licensed band (band n38)
Option 2, keep the same NF as that for Uu in the licensed band.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
Option 2, keep the previous agreement and use -1dB for REFSENS.
Issue 1-1-4: ΔRIB,c for V2X_20_n38
Prefer option 1. To complete the WI, we need a definite value, but we think the value is temporarily adopted, which can be revised later after further evaluation.
Issue 1-2-1: The maximum input level
Prefer option 2. With larger CBW, the PAPR could be further increased, which requires some further relaxation, and it should be noted that the frequency band is higher than existing licensed bands. Thus we don’t think that using the same requirements as NR Uu is an appropriate way.
Issue 1-3-1: Power in transmission bandwidth configuration
Prefer option 1. 


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2006261 (TP on remaining issues on Rx RF requirements for NR V2X)
	

	
	

	
	

	R4-2006262 (CR for TS38.101-1, Introduce Rx RF requirements for NR V2X single carrier)
	

	
	

	
	

	R4-2006746 (TP on remaining issues for NR V2X UE)

	

	
	

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Issue 1-1-1: Diversity gain
	Tentative agreements:
No consensus was reached in the 1st round.
Candidate options:
· Option 1: Use a value of 2.5 dB for diversity gain for NR V2X REFSENS calculations.
· Option 2: Keep the previous agreements to define 3dB diversity gain.

Recommendations for 2nd round:
Clarify whether the implementation loss of diversity gain is considered in the IM. If so, no need to consider implementation loss in diversity gain.

	Issue 1-1-2: Noise figure in licensed band (band n38)
	Tentative agreements:
No consensus was reached in the 1st round.
Candidate options:
· Option 1: Define NF of 13dBm for band n38 like band n47.
· Option 2: Keep the previous agreements to define NF of 9dB like NR Uu.

Recommendations for 2nd round: 
Discuss whether the additional 4dB increase in NF (9dB to 13dB) for n38 is required to compensate for the cable losses.

	Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENS target SNR level
	Tentative agreements:
No consensus was reached in the 1st round.
Candidate options:
· Option 1: Use the reference measurement channel and simulation assumptions to derive REFSENSE target SNR level based on R4-2006821 from Qualcomm.
· Option 2: Keep the previous agreements to define target SNR level as -1dB for REFSENS.
· Option 3: capture the REFSENS levels by using target SNR level -1dB in this meeting. Interested companies could also bring simulation results in the future meetings based on the aligned simulation assumptions. If the target SNR level based on simulation results is not -1dB, the reference measure channel can be correspondingly revised to satisfy -1dB target SNR level.
Recommendations for 2nd round:
Companies to check whether they could compromise to option 3.

	Issue 1-1-4: ΔRIB,c for V2X_20_n38
	Tentative agreements:
No consensus was reached in the 1st round.
Candidate options:
· Option 1: Use the HTF to reduce the 3rd harmonic impact into n38. ΔRIB,c is 0.2dB as use shared pain approach. 
· Option 2: Keep the ΔRIB,c is TBD in TR.
· Option 3: A note should be placed either saying “No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case” or a MSD number should be put into the spec to account for sensitivity degradation when 3rd harmonic of B20 falls into the operating band of n38. A trap filter cannot reduce the 3rd harmonic sufficiently to give only 0.2 dB of REFSENS degradation if a 3rd order harmonic from B20 falls inside band n38.

Recommendations for 2nd round:
The interference of the specific band combination, e.g. intermodulation in V2X_20_n38, should be further discussed in the 2nd round. It is preferred to derive a value of ΔRIB,c in this meeting. 

	Issue 1-2-1: The maximum input level
	Tentative agreements:
No consensus was reached in the 1st round.
Candidate options:
· Option 1: Follow the maximum input levels for NR Uu for 64QAM and 256QAM. (the majority view)
· Option 2: -25dBm for 64QAM and -27dBm for 256QAM applicable to all CBWs.
Recommendations for 2nd round: 
Huawei to check whether option 1 can be agreed.
If not, discuss whether the relaxation on the maximum input level for larger CBWs is needed. 

	Issue 1-3-1: Power in transmission bandwidth configuration
	Tentative agreements:
Option 1: Follow the proposals from CATT and Huawei (R4-2006259 and R4-2008223), decreased by 3dB by following the decision on the maximum input level.
Recommendations for 2nd round: 
No need to discuss in the 2nd round.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	[bookmark: _Hlk38546845]R4-2008448
	WF on remaining Rx RF requirements for NR V2X
	CATT

	
	
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2006261 
	To be revised.

	R4-2006262 
	To be revised.

	R4-2006746
	To be revised.



Discussion on 2nd round (if applicable)

Companies views’ collection for 2st round 
Open issues 
	Company
	Comments

	LGE
	Issue 1-1-1: Diversity gain
LGE prefer Option 2: Keep the previous agreements to define 3dB diversity gain.
Issue 1-1-2: Noise figure in licensed band (band n38)
LGE prefer Option 2: Keep the previous agreements to define NF of 9dB like NR Uu.
Issue 1-1-3: Reference measurement channel and simulation assumptions for REFSENSLGE prefer Option 3: capture the REFSENS levels by using target SNR level -1dB in this meeting. Interested companies could also bring simulation results in the future meetings based on the aligned simulation assumptions. If the target SNR level based on simulation results is not -1dB, the reference measure channel can be correspondingly revised to satisfy -1dB target SNR level.
Issue 1-1-4: ΔRIB,c for V2X_20_n38
LGE prefer Option 1: Use the HTF to reduce the 3rd harmonic impact into n38. ΔRIB,c is 0.2dB as use shared pain approach.
Issue 1-2-1: The maximum input level
LGE prefer Option 1: Follow the maximum input levels for NR Uu for 64QAM and 256QAM. (the majority view)

	Qualcomm
	Issues from WF R4-2008448
Diversity gain
Select option 1: Use a value of 2.5 dB for diversity gain for NR V2X REFSENS calculations as IM term only contains RF impairments and diversity gain implementation losses are not accounted in the IM term.
Noise figure in band n38
Select option 1: Define NF of 13dBm for band n38 like band n47.
NF increase in n38 is required to compensate implementation cable losses in V2X vehicular applications
REFSENS target SNR level
·  Select option 3: Capture the REFSENS levels by using target SNR level [-1]dB in this meeting. Interested companies could also bring simulation results in the future meetings based on the aligned simulation assumptions. If the target SNR level based on simulation results is not [-1]dB, the reference measure channel can be correspondingly revised to satisfy [-1]dB target SNR level.
· Want square brackets around -1 dB. i.e. [-1] dB as indicated
Please note that SL may have worse performance than Uu due to lack of TRS, frequency/timing and long term PDP tracking are not possible. Therefore, target SNR with the same reference measurement channel derived in Uu cannot directly apply to SL. We understand that companies want to keep -1dB target SNR value to proceed in REFSENSE discussion. As a compromise, we propose another option to address the difference in SL and Uu performance due to physical layer design difference: if simulation results show that 95% throughput is not achievable at -1dB with QPSK 1/3 code rate reference measurement channel, lower code rate/MCS can be used as reference measurement channel for SL REFSENSE requirement. This aligns to option 3. However, square bracket around -1dB is still needed, as code rate adjustment doesn’t have infinite small granularity, we don’t know if minor adjustment on target SNR is needed, or 95% throughput is achievable even if lower MCS is selected. Therefore adding square bracket around -1dB is agreeable for us.

ΔRIB,c for V2X_20_n38
Select option 3: A note should be placed either saying “No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case” or a MSD number should be put into the spec to account for sensitivity degradation when 3rd harmonic of B20 falls into the operating band of n38. A trap filter cannot reduce the 3rd harmonic sufficiently to give only 0.2 dB of REFSENS degradation if a 3rd order harmonic from B20 falls inside band n38.

Maximum input level
Qualcomm: Select option 1: Follow the maximum input levels for NR Uu for 64QAM and 256QAM. The assumption has been that the SL and Uu links have similar performance, so it is reasonable to set the maximum input levels for SL based on what is used in NR Uu.





	
	



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2008448 (WF on remaining Rx RF requirements for NR V2X)
	LGE : We support this WF to complete 5G NR V2X WI in this meeting.

	
	Huawei: A compromised value based on option 1 and option 2 is proposed, i.e. relax 1dB based on option 1 for 30MHz and 40MHz respectively. 

	
	Qualcomm
For issues from WF R4-2008448 please see section 1.6.1

	
	

	R4-2008449 (TP on remaining issues on Rx RF requirements for NR V2X)
	LGE: We support the updated Max. input level and ACS for NR V2X UE. For the REFSENS, we still keep the previous agreed equation and REFSENS requirements for n38.

	
	Qualcomm: For REFESENS it has not been decided that all bands will have NF=13dB

	
	

	R4-2008450 (CR for TS38.101-1, Introduce Rx RF requirements for NR V2X single carrier)
	LGE would like to remove the all [ ] in Draft CR and support the Draft CR to cover the remaining Rx requirements for NR V2X UE. The REFSENS requirements will be updated based on WF in 8448 even though we remove the [ ] in TS38.101-1.

	
	Huawei: maximum input level for 30M and 40M are suggested to relax 1dB compared to the value in draft CR.

	
	

	R4-2008442 (TP on remaining issues for NR V2X UE)
	Duplicate the max. input level and ACS. So the revised 8442 just treat delta Rib for V2X_20_n38 UE.
The 0.2 dB additional IL will be considered as shared pain approach which is same approach in LTE V2X.

	
	

	
	



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2008448 
	To be agreed.

	R4-2008449
	To be agreed.

	R4-2008450
	To be agreed.

	R4-2008442
	The Rx RF part was removed in this TP. It is up to the decision in the thread [111] for Tx RF.



