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1	Agenda of NR V2X service in rel-16 (Tuesday & Thurday)
1) NR operating bands and basic RF parameters for NR V2X (40 min.+ 10min.)
· R4-1915419	 NR V2X operating scenarios, Vodafone
· R4-1913952  NR V2X RF architecture and basic parameters, LG Electronics
· R4-191xxxx  TP on Modification of coexistence conclusion for NR V2X service, Vodafone (10 min.)
2) Related LS issue (25 min.+10 min.)
· R4-1915985, “Reply LS to RAN2 on UL-SL Prioritization,” 		Futurewei
· R4-1915986, “Reply LS on transient period for S-SSB design,” 		CATT (10 min.)
3) System parameters (15 min.+ 10 min.)
· R4-1915987, “WF on channel raster for NR V2X UE,” 		     Vivo
· R4-191xxxx, “LS on channel raster for NR V2X UE,”             CATT (5 min.)
· R4-191xxxx, “TP on channel raster for NR V2X UE,”             CATT, vivo (5 min.)
4) RF core requirements for NR V2X (40 min.+ 80 min.)
All remaining Tdocs will be treated which were not treated in online session
· R4-1913954	TP on additional On/OFF Switching Time Mask for TDM operation between LTE SL and NR SL at n47, 																			LG Electronics
· R4-1915063	On general time mask for NR V2X UE, 									OPPO
· R4-1915064	On switching time mask for different co-existence scenarios for NR V2X UE, OPPO
· R4-1915989	PFSCH MPR, 															Qualcomm
· R4-1915430	V2X RF considerations,													Qualcomm
· R4-1915350	On NR-V2X UE RF requirements, 									Huawei
· R4-1914496	[V2X] TP on MPR simulation assumption for NR V2X in band n47, 	Huawei 
· R4-1913949	TP on NR V2X UE RF requirements for supporting 30MHz CBW and 256QAM at n47, LG Electronics
· R4-1913951	TP on general Tx/Rx requirements for NR V2X UE at licensed bands, LG Electronics
· R4-1913953	TP on RF core requirements for con-current operation of NR V2X UE, LG Electronics

2 
NR operating bands and basic RF parameters for NR V2X (40 min.)
· R4-1915419	NR V2X operating scenarios, Vodafone
· R4-1913952	NR V2X RF architecture and basic parameters, LG Electronics
· [bookmark: _GoBack]R4-191xxxx  TP on Modification of coexistence conclusion for NR V2X service, Vodafone (10 min.)   request Tdoc number and will be treated in main session

· Conclusion of coexistence evaluation results in section 5.4 TR38.886 v0.4.0 
[bookmark: _Toc22648706]5.4	Conclusion of V2X coexistence evaluations
The PC5-based NR V2X UE coexistence evaluations are performed at 3.5GHz/5.9GHz operating frequency range in Rel-16 NR V2X WI. The adjacent coexistence simulation results are captured in sub-clause 5.3. Based on the evaluation results, 
1.	For coexistence in ITS spectrum of n47(Case1, Case2, Case3 and Case4), following observations are made:
· Based on the simulation results, NR V2X can coexist with LTE V2X or DSRC in ITS spectrum of n47.
2.	For coexistence in license spectrum for FR1(Case 5, and Case 6), following observations are made:
· Based on the simulation results, there is no evidence that NR V2X can coexist with NR Uu in licensed spectrum without power control for FR1.
· If there is no power control scheme in NR V2X, throughput degradation is unacceptable for victim NR BS. 
3.	For coexistence in licensed spectrum for FR2(Case 9 and Case 10), no simulation result was submitted.
Based on the above analysis, the PC5-based NR V2X service will be within acceptable operating limits for adjacent channel coexistence scenarios in ITS spectrum of n47.

Wording changes 
2.	For coexistence in license spectrum for FR1(Case 5, and Case 6), following observations are made:
· Based on the simulation results, there is no evidence that NR V2X can coexist with NR Uu in licensed spectrum without power control for FR1.
· If there is no power control scheme in NR V2X, throughput degradation is unacceptable for victim NR BS. 
· Specially, OLPC will be used for all uni-cast, broad cast and group cast in licensed band, then gNB performance degradation is negligible with power control for FR1.
3.	For coexistence in licensed spectrum for FR2(Case 9 and Case 10), no simulation result was submitted.
Based on the above analysis, the PC5-based NR V2X service will be acceptable for both ITS spectrum (n47) and licensed spectrum.

· NR V2X operating scenarios for licensed band
· n38 SL operation in whole n38 band without NR Uu 
· n38 SL operation V2X UE operated with n38 NR Uu UE with synchronous operation(TDD-TDD).
· n7 SL operation with n7 NR Uu (FDD-FDD)
· n38 SL operation does not allow the standalone operation which will be operated with NR Uu in other licensed band for NR V2X UE e.g. V2X_n20A-n38A in rel-16

Agreements
To allow the V2X SL operation in licensed band, The conclusion part will be revised as above highlighted with green color.
Also the V2X operating scenarios are agreed as below
· n38 SL operation in whole n38 band without NR Uu 
· n38 SL operation V2X UE operated with n38 NR Uu UE with synchronous operation(TDD-TDD).
· n38 SL operation does not allow the standalone operation which will be operated with NR Uu in other licensed band for NR V2X UE e.g. V2X_n20A-n38A in rel-16
Lack of time, TP to modify the coexistence conclusion by Vodafone will be shared in e-mail reflector and Vodafone need to request Tdoc number and will be treated in main session.

· NR V2X UE RF parameters
1) Baseline antenna configuration 
(a) Option1: 1Tx/2Rx in both licensed band and n47 
A. 2Rx antenna and 2 recevier chain each LTE V2X and NR V2X
(b) Option2: 2Tx/2Rx in both licensed band and n47
(c) Option3: 2Tx/4Rx in both licensed band and n47

2) Supporting UL-MIMO or Tx diversity
(a) Option1 : Support from rel-16
(b) Option2 : Support from rel-17

3) UE capability on the same/different RF and modem Tx chain at n47
(a) Option1 : Do not specify the UE capability. 
A. The default is different RF Tx chain for inter-band con-current operation
B. LTE SL and NR SL at n47 has depend on UE implementation whether or share/different the RF Tx chain 
(b) Option2 : Specify the UE capability on the same/different RF and modem Tx cahin
Based on agreements , WF on NR V2X UE baseline RF parameters will be requested

Discussion 
LG: for the antenna configuration, RAN4 can consider the 1Tx/2Rx as baseline antenna configuration as same with NR Uu and LTE V2X SL operation.
QC: Need to clarify the option1.Are you consider support both LTE V2X and NR V2X SL operation? When we assume the supporting two SL operation in a UE, then the number of Rx antenna need to 4 Rx chain.
LG: When share the antenna, then need to 2Rx antenna and 4 rx receiver chain for LTE V2X and NR V2X reception. So we can make sub bullet as 2Rx antenna and 2 recevier chain each LTE V2X and NR V2X.
HW: currently, we think all options are open to specify the NR V2X Core requirements. So we prefer to open all antenna configuration in rel-16.

Agreements
Interested companies will be further discussed after RAN4 meeting. RAN4 shall make consensus V2X UE RF parameters until 15th/Jan./2020 by as e-mail discussion.




3 Related LS issues for NR V2X
· R4-1915985, “Reply LS to RAN2 on UL-SL Prioritization,” 			Futurewei
· R4-1915986, “Reply LS on transient period for S-SSB design,” 			CATT
3-1 UL-SL priority for NR V2X UE
Answer to Q1: 
· Case 1: Shared/same carrier frequency: RAN4 has not concluded the coexistence evaluation of SL operation in licensed bands. Since the coexistence study is ongoing, RAN4 cannot confirm the validity when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency at this time.  If the coexistence evaluation indicate feasibility, RAN4 will inform accordingly.
· Case 2: Different carrier frequency: when UL TX and SL TX (in different carrier frequency) share TX chains and power budget), the UL/SL prioritization scenario is valid.


Discussion


Agreements
RAN4 agreed the A1 as above sentences.

3-2 Transient period for S-SSB design
RAN4 would like to thank RAN1 for the LS on the transient period in NR V2X S-SSB design. RAN4 had intensive discussions on the following cases:.
1. In the case of no power change, transient period is not required in the presented NR S-SSB structure.
1. In the case of power change, the performance for S-SSB detection with transient period can be the same or different from different parties, but there was no consensus.
1. There is better performance when one PSBCH symbol is inserted between S-PSS and S-SSS compared to those without power change. (CATT, LG, Vivo)
1. There is no performance difference compared to those without power change. (HW)
1. There is same or worse performance when one PSBCH symbol is inserted between S-PSS and S-SSS compared to scenario without power change and that P-SSS and S-SSS are allocated in adjacent symbols  (Intel, QC)

RAN4 could not conclude whether transient period is needed or not at this stage. However, RAN4 may continue the evaluations in the future meetings.

Discussion:
QC: Move the QC from 2nd sub-bullet to third sub-bullet.
Intel: What is expected RAN1 action. Currently this neutral observations are not beneficial to RAN1. 
LG: Already mentioned in online session. But RAN4 chairman have guidance to make LS will be captured the current status including all companies observation.
LG: Then RAN1 decide wether or not update the SSB-design based on RAN4 reply LS. 
HW: we prefer to add third bullet, “In the case of power change, transient period is not required.” 
QC: We do not acceptable with the additional bullet in LS.
Futurewei/Intel: If ran4 do not make consensus on the contents of LS, then RAN4 do not send LS to RAN1.
Chairman: Agree with the view. However, we respect RAN4 chairman guidance for the contents of reply LS.

Agreements:
- For the UL-SL prioritization, RAN4 agreed the reply LS contents.
- For the transient period of SSB design, RAN4 do not make consensus the contents on the reply LS. 
CATT will request to treat LS at main session


4 System parameters (channel raster)
· R4-1915987, “WF on channel raster for NR V2X UE,” 		     Vivo 
· R4-191xxxx, “LS on channel raster for NR V2X UE,”             CATT (5 min.)
· R4-191xxxx, “TP on channel raster for NR V2X UE,”             CATT, vivo (5 min.)
Channel raster at n47
	NR Operating Band
	ΔFRaster 
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n47
	15
	790334-<1>-795000
	790334-<1>-795000

	
	[30]
	[790334-<2>-795000]
	[790334-<2>-795000]

	
	[60]
	[790334-<4>-795000]
	[790334-<4>-795000]



· Frequency Shift for Channel raster
· For coexistence, 2 types of frequency shift will be considered
· Shift Set 1: N*5kHz
· This shift is caused when NR V2X coexist with LTE V2X other RATs using 100kHz channel raster above 3GHz frequency band
· Shift Set 2: 7.5kHz
· This shift comes from waveform difference subcarrier alignment between LTE uplink/sidelink (SC-FDMA w/ 7.5kHz shift) and NR sidelink(CP-OFDM)
· Applicability of frequency shift
[image: ]

· NR V2X RF reference frequency will be shifted by Δshift-V2X
FREF, shift = FREF + Δshift-V2X
· Options for Δshift-V2X
· Opt 1: Δshift-V2X = N∆f * 0.0025MHz (CATT)
· N∆f is signalled by network configuration or pre-configuration.
· N∆f can be set as one of following values：-2, -1, 0, 1, 2, 3.
· Opt 2: Δshift-V2X = N*5kHz  + Δshift (LG, Vivo, HW)
· Both N and Δshift are separately signaled by network configuration or pre-configuration.
· N can be set as one of following values：[-1,0,1]
·  Δshift (0 or 7.5kHz) will be reused from existing IE(frequencyShift7p5khz) from NR Uu

Discussion:

Agreements:
1) Channer raster are agreed at n47 as following table.
	NR Operating Band
	ΔFRaster 
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n47
	15
	790334-<1>-795000
	790334-<1>-795000

	
	[30]
	[790334-<2>-795000]
	[790334-<2>-795000]

	
	[60]
	[790334-<4>-795000]
	[790334-<4>-795000]



2) For the frequency shift, Option2 equation will specify the channel raster for NR V2X UE at n47.
3) Revised LS on channel raster (by CATT) and TP on channel raster (by Vivo and CATT) were endorsed in this meeting. Need to request Tdocs number for LS and TP.
5 
RF Core requirements for NR V2X UE
All remaining Tdocs will be treated which were not treated in online session
· R4-1913954	TP on additional On/OFF Switching Time Mask for TDM operation between LTE SL and NR SL at n47, 																			LG Electronics
· R4-1915063	On general time mask for NR V2X UE, 									OPPO
· R4-1915064	On switching time mask for different co-existence scenarios for NR V2X UE, OPPO
· R4-1915989	PFSCH MPR, 															Qualcomm
· R4-1915430	V2X RF considerations,													Qualcomm
· R4-1915350	On NR-V2X UE RF requirements, 									Huawei
· R4-1914496	[V2X] TP on MPR simulation assumption for NR V2X in band n47, 	Huawei
· R4-1913949	TP on NR V2X UE RF requirements for supporting 30MHz CBW and 256QAM at n47, LG Electronics
· R4-1913951	TP on general Tx/Rx requirements for NR V2X UE at licensed bands, LG Electronics
· R4-1913953	TP on RF core requirements for con-current operation of NR V2X UE, LG Electronics
· R4-1915988	TP for RF requirements for NR V2X 					              CATT
· R4-1915317	On UE to UE Coexistence study of NR V2X at 5.9GHz 			Qualcomm
· R4-1915984	[V2X] TP to add some abbreviations									Huawei

4 
5 
5-1 Time mask for NR V2X UE
R4-1913954	TP on additional On/OFF Switching Time Mask for TDM operation between LTE SL and NR SL at n47, 																			LG Electronics
R4-1915063	On general time mask for NR V2X UE, 									OPPO
R4-1915064	On switching time mask for different co-existence scenarios for NR V2X UE, OPPO

Discussion:
Chairman: Oppo delegate is not attended the adhoc meeting.
LG: For the switching time between LTE V2X and NR V2X SL operation at n47, RAN4 reuse the time mask for EN-DC UE On/Off time mask without dual PA capability.
HW: Can you clarify why LTE V2X protected by time mask compare to NR V2X? The time mask can be shift to E-UTRA since the last symbol do not used for data transmission. Also 140us will be used for time mask. This is combined 20us +120us.
LG: Good point to shift to E-UTRA V2X UE and protect pairely between NR and LTE. But why we combined the switching time 120us and 20us. No reasonable evidence to use 140us.

Agreements:
No consensus the contents on the swithing time mask for NR V2X UE.
3 
4 
5 
5-1 
5-2 V2X RF considerations at n47 (R4-1915430)
· R4-1915989	PFSCH MPR, 															Qualcomm
Proposal 1: For multi-cluster waveforms a composite IBE mask should be created from the maximum of the individual cluster masks.
Proposal 2: For in-band RB locations that have IMD’s due to intermixing of clusters it is proposed selecting from 1 of 2 options given below:
1. Specify exceptions for IMDs
2. Specify an MPR relaxation for those tone combinations in order to meet the composite IBE mask
Proposal 3: Emissions requirements given in Table 1 should be made a part of the V2X A-MPR specification
Proposal 4: Emissions requirements given in Table 2 should be made a part of the V2X A-MPR specification
Proposal 5: Simultaneous PFSCH transmissions, N>1 is possible while meeting MPR requirements
Proposal 6: The discussion on system performance impact should belong to RAN1

· R4-1915430	V2X RF considerations,													Qualcomm

Proposal 1: Emissions requirements given in Table 1 should be made a part of the 38.101 specification
Proposal 2: Emissions requirements given in Table 2 should be made a part of the 38.101 specification
Proposal 3: NR A-SEM should use the same principle as in appendix I, TS 36.101 to convert e.i.r.p. limit to conducted limit based on Gpost connector . A-MPR calculated using the same method and table formats as given in 36.101
Proposal 4: RAN4 to further study solution to boost conducted output power in the case of negative Gpost connector.
Proposal 5 : The NR in-band blocking specifications should be based on the values given in table 3 and table 4.
Proposal 6 : Receiver sensitivity is based on the above REFSENSV2X equation and parameter values given in section 3.2

Discussion:
QC: PSFCH MPR is need up to 8dB. IBE will be specify for multi-clustered transmssions. A-SEM will be reflect FCC/ETSI regulatory requirments. And RAN1 should discuss on the system performance impact.
LG: maybe MPR 8dB is worst case when consider 2 PSFCH user transmission. Also need to 2/3/4/5 user’ packet reception rate results compare to the system perfoamance.
QC: Can RAN4 agree with proposal 5?
Chair: There was a few delegate. HW, Intel, Ericsson already leaved room due to over the closing time. RAN4 further discuss the proposals.
HW: Proposal 5 is not reflected clear simulation parameters according to contiguous allocation or non-contiguous allocation. So RAN4 need to MPR evaluation campaign. Then we can send the MPR values and others.
QC: we do not have contrete parameters for simulation at currently. Just send the observation based on worst scenarios.
HW: For P6, just one company propose the system parameters. Some companies has different results. So currently we concern to send LS to RAN1
Chair: I respect both comment. That are current situation. But we do not make consensus on the contents. If QC want to send LS in this meeting, then need further discussion with Huawei and Futurewei. 


Agreements:

Proposal 3: Emissions requirements given in Table 1 should be made a part of the V2X A-MPR specification
Proposal 4: Emissions requirements given in Table 2 should be made a part of the V2X A-MPR specification
For P5, QC will be further discussion with Hawei and Futurewei if want to send LS in this meeting.
· Positive view: LG,QC, Intel 
· Negative view: Hawei and Futurewei


3 
4 
5 
5-1 
5-2 
5-3 NR-V2X UE RF requirements (R4-1915350& 4496)
· R4-1914496	[V2X] TP on MPR simulation assumption for NR V2X in band n47, 	Huawei
 Revised TP based on agreements at 2nd AH meeting.
· R4-1915350	On NR-V2X UE RF requirements, 									Huawei

1) MPR/A-MPR assumption (in 4496)
	PA calibration
	PA calibrated to deliver -30dBc ACLR for a fully allocated 20MHz QPSK CP-OFDM waveform at [1] or [3] dB MPR



For NR V2X, simultaneous transmission of PSCCH and PSSCH in the same subframe is supported. The following constraints in table 8.1.2-2 can be assumed based on current RAN1’s agreement.
Table 8.1.2-2: MPR simulation assumption based on RAN1’s agreement
	Items
	Assumption

	Allowed sub-channel sizes
	•	Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
o	FFS other values (e.g., 4, 5, 6, etc.)

	Regarding PSCCH / PSSCH multiplexing
	At least option 3 is supported for CP-OFDM


	PSCCH size
	FFS

	PSD offset of X dB between PSCCH and PSSCH
	Option 1: 0dB
Option 2: 3dB
other options are not precluded



2) Min. power to remove []
3) Spurious emission band UE co-existence to add Note 4
NOTE 4:  Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth. The sweep time shall be set larger than (symbol length)*(number of points in sweep) to improve the measurement accuracy.
4) REFSENS 
Propose to use [-1dB] SNR which is the same as NR to derive the REFSENS.
RAN4 assume rank1 code rate=1/3 and QPSK.
5) Max. input level
 : Maximum input level for V2X
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	
	
	10
MHz
	20
MHz
	40
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	[-22~ -25]

	NOTE 1:	Reference measurement channel is FFS



6) ACS for Case2
Test parameters for Adjacent channel selectivity for V2X, Case 2
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	
	
	
	-53.5-56.5
	
	-47.5-50.5
	-44.5-47.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	
	
	
	10
	
	10
	10

	FInterferer (offset)
	MHz
	
	
	
	10
/
-10
	
	15
/
-15
	25
/
-25

	NOTE 1:	The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR V2X signal with 15 kHz SCS.



Discussion:


Agreements:
The PA calibration MPR level will be further discussed until 15th/Jan./2020.
RAN4 agreed as follow
· MPR/A-MPR simulation assumption
· Min. power to remove []
· Spurious emission band UE co-existence to add Note 4
TP (by HW) will be revised to capture the agreed contents. HW need to request to revised Tdoc number



3 
4 
5 
5-1 
5-2 
5-3 
5-4 30MHz &256QAM supporting for NR-V2X UE (R4-1913949)
R4-1913949	TP on NR V2X UE RF requirements for supporting 30MHz CBW and 256QAM at n47, LG Electronics

Discussion:
LG: RAN4 already agreed to add 30MHz CBW in n47. And also 256QAM was supported as optional in RAN1 decision. So the paper cover the additional requirements in n47 
Chair: typo the min. power for 30MHz.
QC: in TS38.101-1, the EVM for BSPK is 30%. Need to add new row.
LG: RAN4 need to clarify whether or not support BPSK in NR V2X UE. Actually, we do not need to support BPSK for NR V2X. then recommend to remove the BPSK in table.
QC: agree with LG proposal.
QC: target SNR was agreed with [-1dB]. Also the IBB requirements, the power of interference signal is -44 as same in LTE V2X.
Chair: did you cross check the LTE V2X requirements in 36.101?
QC: Yes, same -44dB were considered in both case1 and case2 for IBB requirements.


Agreements:
Remove BPSK and modified typo in min. power and endorsed the revised TP in 2nd AH session.  LG need to request revised Tdoc number

3 
4 
5 
5-1 
5-2 
5-3 
5-4 
5-5 NR V2X UE RF requirements at Licensed band
· R4-1913951	TP on general Tx/Rx requirements for NR V2X UE at licensed bands, LG Electronics

Discussion:
Chair: n38 SL operation is allowed whole band and partial band with non-V2X UE at same operating band. So need to remove the Note 1 in Table 7.1.1-1. 
Vodafone: agree the whole band operation for SL operation at n38. 
LG: But can be capture the additional note which was agreed sentence at 1st AH meeting.
Vodafone: agree need to capture the agreed sentence but wording will be improved to clear understanding to non-V2X delegates.
Chair: How about Vodafone will be have TP to add clear wording at next RAN4 meeting.
Vodafone: Yes, we will.
Vodafone: In this meeting, the additional CBW with 30MHz and 40MHz were included to the supporting CBW for NR band n38. So need to add the new CBW 30MHz and 40MHz in n38.
LG: For the REFSENS, NF was assumed 9~10 dB at licensed bands. So we captured the NF in section 9.1.1.


Agreements:
Remove Note1 in NR V2X UE power class and add 30MHz and 40MHz at n38. Note 1 wording will be proposed at next RAN4 meeting by Vodafone based on agreed operating scenarios for n38  LG need to request revised Tdoc number

3 
4 
5 
5-1 
5-2 
5-3 
5-4 
5-5 
5-6 Con-current operation for NR V2X UE RF requirements
· R4-1913953	TP on RF core requirements for con-current operation of NR V2X UE, LG Electronics

Discussion:
LG: This is for con-current operation for NR Uu and n47 SL operation as case 3A in 2nd priority
Vodafone: to support our V2X operating scenarios, RAN4 need to additional TP to support licensed NR Uu and lisenced SL operation.
LG: Yes, right. This is just focus on the Case 3A in 2nd priority. And the case 3C was accepted in this meeting. So need to other TP to support licensed NR Uu and lisenced SL operation. We do our best effort to complete up to 2nd priority for NR V2X service in rel-16.


Agreements:
Endorsed TP as it is.

5-7 Others Tdocs for NR V2X UE RF 
· R4-1915988	TP for RF requirements for NR V2X 					              CATT
· R4-1915317	On UE to UE Coexistence study of NR V2X at 5.9GHz 			Qualcomm
· R4-1915984	[V2X] TP to add some abbreviations									Huawei

Discussion:


Agreements:
Not treated
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