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Introduction
The RAN1 WG started work on the new Rel-16 NR V2X SI with the goal to introduce support of V2X communication technology for NR. RAN1 is discussing the basic physical layer design assumptions and send LS to RAN4 to clarify the RF/RRM design assumptions that could be applied to the NR V2X studies [1]:
	1. Overall Description:
RAN1 is starting the study item on NR V2X (RP-181480). The objectives of the study include the sidelink interface for frequencies in FR1 and FR2 (i.e., up to 52.6 GHz), for both unlicensed ITS bands and licensed bands. 
In RAN1#94, RAN1 has made the following agreements:
	Agreements: Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference



In addition, RAN1 has discussed the modelling of in-band emissions for evaluation of the performance of different technical solutions for sidelink. In LTE, the in-band emissions were modelled following Section A.2.1.5 in TR 36.843.
RAN1 has the following questions:
Question 1:
RAN1 would like to ask RAN4 to confirm the validity of the evaluation assumptions or provide guidance on appropriate values for:
· AGC settling time.
· TX/RX switching time
· Timing error between a UE and its synchronization reference.
· Frequency error between a UE and its synchronization reference.
Question 2:
RAN1 would like to know whether IBE model defined in Section A.2.1.5 in TR 36.843 is still applicable to NR sidelink transmission in FR1, including OFDMA and SC-OFDMA. If the model is not applicable, RAN1 would like to request guidance from RAN4 on an appropriate model for system-level simulations.
Question 3:
RAN1 would like to request guidance from RAN4 on an IBE model for sidelink communication in FR2.
2. Actions:
To RAN WG4:
RAN1 respectfully asks RAN4 to answer the questions posed above.


In RAN4 #88bis offline discussions took place and the WF on the next steps was approved in the email discussion [2].
In this contribution we provide our views on the selected questions raised in RAN1 LS.
Discussion
FR1 IBE Model
In V2X Sidelink communication systems, In-band emission characteristics play an important role and may have substantial impact on the performance as power control is typically used and UEs transmit with maximum output power. The major issue caused by this situation is a near-far problem where an IBE from a nearby UE could easily overwhelm the desired receive signal from another UE which is far from the receiver. In Figure 2, we provide system-level simulation results which show the in-band emission impacts on the V2X performance (for more details on assumptions see [3]):
· Configuration 1: 10MHz BW and IBE on;
· Configuration 2: 10MHz BW and IBE off;
· Configuration 3: 40MHz BW and IBE on;
· Configuration 4: 40MHz BW and IBE off.
Our system level evaluations show that Configuration 2 (i.e. 10MHz BW without IBE impact) gives better performance than Configuration 3 (i.e. 40MHz BW with IBE impact). This means that solutions to reduce the level of IBE are of high importance to improve the performance of NR V2X.
[image: ]
[bookmark: _Ref520879872]Figure 1: LTE-V2X performance for 10MHz and 40MHz BW w/ and w/o IBE impact
We would like to remind that during the LTE sidelink discussions the issue on IBE model was raised. As an outcome, a more strict IBE model was agreed for RAN1 sidelink evaluations, where additional offsets on value of W, X, Y, Z for single cluster transmissions was set to [3, 6, 3, 3] dB ([4]). Later on this model was also reused for LTE-V2X sidelink evaluations. 
For the NR V2X model, we have also identified that current NR FR1 UL IBE mask is quite relaxed comparing to what UE could potentially achieved in practice and not directly applicable for V2X use cases. In fact, the V2X IBE is just a replica of the LTE IBE, and the current requirement is almost meaningless for a real application from our analysis. We believe it is good time to discuss a new IBE mask which fits for realistic V2X application scenario, i.e. no uplink power control, and we propose to tighten up the current requirements.
Observation: The current in-band emission mask for LTE V2X is too relaxed.
Below we provide views on the IBE characteristics which are feasible from the implementation perspective for V2X operation:
	Component
	Comments

	General IBE component
	Due to technology advancement the general TX IBE limits can be tightened 
· 
10dB dB tightening is feasible for the noise floor component (“”)
· 
Achievable tightening for the “” component typically depends on the TX modulation order. Two approaches can be considered:
· Option 1: Apply tightening 3/7/10 dB tightening for 64QAM / 16QAM / QPSK
· Option 2: Modify the component as follows: min(-20log10EVM, -25) – 3 – 5 (|ΔRB|-1)/LCRB

	IQ image
	Due to technology advancements in IC process/design as well as RF/IF impairment compensation, IQ image issue becomes less challenging in current implementation and not a bottle neck any more for the performance requirement. In general, the IQ component can be removed from the IBE table.

	Carrier leakage
	10 dB tightening of the carrier leakage can be considered at least for ≥ 0 dBm output power

	Overall IBE limit
	10dB dB tightening is feasible for the overall IBE limit (PRB - 40 dB)


The proposed IBE model is shown in Table 1 (based on model in [2]):
Table 1. Proposed IBE model
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28- Y1
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-28 – Y2
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28 – Z1 
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 – Z2
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20 – Z3
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10 – Z4
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB – W and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
….
NOTE 11:    W = 10 dB; X1 = 10 dB; X2 = 3/7/10 dB for 64QAM / 16QAM / QPSK; Z1 = Z2 = 10dB;  Z3 = Z4 = 0dB


Examples of the original and proposed tightened IBE models for the case for 20MHz CBW + 15 kHz SCS are illustrated in Figure 1.
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Figure 2. Legacy/Tightened IBE models 
[bookmark: _GoBack]Proposal #1:	Use the FR1 IBE model defined in Table 1 for NR V2X studies
AGC settling time
In LTE V2X, the assumptions on AGC design are as follows: 
· UE employs an AGC implementation based on energy estimation in time domain 
· AGC settling time is one LTE symbol (up to 70us) [5].
In NR V2X, the current RAN1 assumption for AGC is up to [15] µs in FR1 and up to [10] µs in FR2. With these settling times, UE may complete AGC training within 1 symbol for SCS = 15kHz, 30kHz, 60kHz; and within 2 symbols for SCS = 120kHz. Therefore, the proposed value assume substantial tightening of the existing value and should be carefully analysed.
For the design of AGC settling time, we think it should include the following components:
(a) time offset from the start of the OFDM symbol to account for signal propagation delay, 
(b) time to receive the window of samples used for estimating the gain, 
(c) time for estimating and programming the desired gain setting, 
(d) time for the gain setting taking into effect. 
The duration of period (a) can be estimated as CP/2. For (b), one first needs to know the accuracy criterion for energy estimation, i.e., X dB to the actual average energy with probability of Y. With the accuracy criterion, the time duration (b) can be derived by link-level simulations [5].  For (c)+(d), the time for programming the AGC gain plus the time for applying the gain, it eventually depends on UE implementation. At current stage, it is not clear sure UE can complete the above three tasks within 15 µs for FR1 and 10 µs for FR2.
Observation #1: AGC settling time involves
· CP/2 time offset from the start of the OFDM symbol to account for signal propagation delay
· Time duration for energy estimation, which can be derived from link-level simulations if the accuracy requirement for energy estimation is provided
· Time for UE to program and apply the estimated AGC gain, which depends on UE implementation.

Timing error
The timing error requirement can be different in NR V2X provided different synchronization reference sources. In V2X content, there are three types of synchronization reference sources, i.e., gNB, GNSS, and Sync Ref UE (although the exact synch reference sources are not yet decided by RAN1, we assume that at least the same set of sources as in LTE can be anticipated).
For gNB based synchronization, the UL timing error defined in TS 38.133 section 7.1.2 can be reused. The detailed requirement is duplicated in Table 2. 
[bookmark: _Ref525840901]Table 2: Timing error limit for gNB based synchronization
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of sidelink signals (KHz)
	Te
	Te, [µs]

	1
	15
	15
	[12]*64*Tc
	0.390

	
	
	30
	[10]*64*Tc
	0.325

	
	
	60
	[10]*64*Tc
	0.325

	
	30
	15
	[8]*64*Tc
	0.260

	
	
	30
	[8]*64*Tc
	0.260

	
	
	60
	[7]*64*Tc
	0.228

	2
	120
	60
	[3.5]*64*Tc
	0.113

	
	
	120
	[3.5]*64*Tc
	0.113

	
	240
	60
	[3]*64*Tc
	0.098

	
	
	120
	[3]*64*Tc
	0.098

	NOTE 1: Tc is the basic timing unit defined in TS 38.211
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.



For GNSS based synchronization, the values assumed for the LTE analysis could be reused for FR1 and FR2 (i.e. [12]*64*Tc).
For Sync Ref UE synchronization, it is FFS for RAN4 if such a case is supported in NR V2X and if so, what is the expected synchronization reference signals design. Thus, we propose that it is FFS on timing error requirement when SyncRef UE serves as synchronization reference source.
Proposal #2:	In NR V2X, the timing error between a UE and its synchronization reference is defined as 
· gNB synchronization reference: Reuse UL timing accuracy defined in TR 38.133 
· GNSS synchronization reference: 12*64*Tc
Conclusions
In this contribution we provided the views on the feasible UE RF/RRM characteristics for NR V2X and recommend to provide the respective information to RAN1. In summary we make the following proposals:
Proposal #1:	Use the FR1 IBE model defined in Table 1 for NR V2X studies
Table 1. Proposed IBE model
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28- Y1
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-28 – Y2
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28 – Z1 
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 – Z2
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20 – Z3
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10 – Z4
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB – W and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
….
NOTE 11:    W = 10 dB; X1 = 10 dB; X2 = 3/7/10 dB for 64QAM / 16QAM / QPSK; Z1 = Z2 = 10dB;  Z3 = Z4 = 0dB


Proposal #2:	In NR V2X, the timing error between a UE and its synchronization reference is defined as 
· gNB synchronization reference: Reuse UL timing accuracy defined in TR 38.133 
· GNSS synchronization reference: 12*64*Tc
References
[1] R1-1810006 “LS on IBE model for V2X”, RAN WG1, Ericsson, RAN1 #94, August 2018
[2] R4-1814322 “WF on NR V2X RF operating parameters based on RAN1 incoming LS”, LG Electronics, Ericsson, Intel, Huawei, CATT, Qualcomm, RAN4 #88bis, October 2018
[3] R1-1808697 “Remaining Aspects of eV2X Evaluation Methodology and Assumptions”, Intel Corporation, RAN1 #94, August 2018
[4] [bookmark: _Ref520882797]3GPP TR 36.843, “Study on LTE Device to Device Proximity Services”, V12.0.1
[5] R4-140973, “AGC and Frequency Error for D2D”, Qualcomm, RAN4 #70, February 2014 



6/6
image1.emf
0 100 200 300 400 500 600

Distance, m

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

A

v

e

r

a

g

e

 

P

R

R

Freeway, 70 km/h. Average PRR             

190Byte@10Hz, 2 TTI, 10 PRB Data+2 PRB SCI

3GPP V2V IBE Model, 10 MHz

No IBE, 10 MHz

3GPP V2V IBE Model, 40 MHz

No IBE, 40 MHz


image2.wmf
10

2510log(/)

RBCRB

NL

--×


oleObject1.bin

image3.wmf
10

20log35(1)/

RBCRB

EVML

×--×D-


oleObject2.bin

image4.wmf
{

(

)

}

10

10

10

max2510log(/)1,

20log35(1)/2,

5710log/15

RBCRB

RBCRB

RB

NLX

EVMLX

dBmSCSkHzP

--×-

×--×D--

-+-


oleObject3.bin

image5.png
IBE, dB
]

23dBm Tx power, 20MHz CBW + 15kHz SCS, 10 PRB, QPSK

Proposed IBE model
Legacy IBE model

20

30

40

50
RB index

60 70 80 90 100




oleObject4.bin

