3GPP TSG-RAN WG4 Meeting #89
R4-1815681
Spokane, US, 12th – 16th Nov, 2018
Title: 
Discussion on RF parameter for NR V2X
Source: 
Qualcomm Inc.
Agenda item:
11
Document for:
Discussion
1. Introduction

In RAN4 #88bis, an LS has been sent from RAN1 to ask RAN4 about some RF parameters for NR V2X.
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.
Some discussion in RAN4 has happened in the last meeting, but no conclusion has reaches yet for the highlighted items. We discuss in our paper some aspects related to timing error and frequency error as well as IBE model for FR1. Based on this analysis, we also recommend some answer to RAN1 questions. 
2. Discussion
2.1. Time and Frequency Error
For V2X communication, the deployment is peer to peer where each UE try to broadcast its information to all other UEs. If  the communication is mostly broadcast/multicast, there will be no notion of timing advance. In this case, the total timing uncertainty at a receiver consist of 3 part, i.e. transmission timing error, receiver side timing error and propagation delay. 
For the tx and rx timing error, the actual error can also be broken down to 2 factors: the first being how well the UE can calibrate to the reference timing and the second being how well the reference timing can be estimated based on the received synchronization signal (e.g. gNB sync block, eNB PSSS/SSSS or GNSS). While the first factor can by analyzed and controlled by RAN4 spec, the second factor is very hard to quantify in the case of GNSS.

For the propagation delay, we expect that it will be quite large. As an example, consider a communication range of 1200m, is totally achievable under the agreed NR path loss model, the propagation delay is 4us, which is much more than typical timing error achievable by the UE.

Now, if a very tight transmission time requirement is specified, it also means that the UE can only transmit when the GNSS/WAN sync signal is good, which is not a very good system choice. In general, when the GNSS/WAN sync signal deteriorate, or even completely lost, the UE can still be able to track the reference time up to some time. In the other word, the transmission time become more and more inaccurate after GNSS is lost. However, as long as other UE can still decode the transmitted signal within the intended range, it is still beneficial to allow the UE that lost GNSS to continue to transmit as long as possible. Given the analysis above on the propagation delay and tx/rx timing accuracy, even if the tx timing deteriorate, at close range it does not matter as the total timing uncertainty is well below the maximum supported propagation delay of 4us. At long range, the total increase in total timing uncertainty is still marginal as long as the accuracy is reasonably controlled, thus the receiver performance does not get impacted so much. This is especially the case for very critical information transmissions, where the benefit of delivering that information outweighs the marginal receiver performance degradation.

The main take away here is that the transmission time accuracy of V2X communication should not be simply a number reused from other part of the spec but need to be carefully study by RAN4 in case by case basis. This task can only be carried out once there is a concrete physical channel design from RAN1. The target physical channel design need to be able to cope with large timing offset uncertainty caused by large propagation delay, as pointed out by the above analysis.
The situation is also similar for frequency error. From a link level performance point of view, what concerns the receiver is the total frequency offset uncertainty, which is a combination of frequency error (Tx and Rx side) and Doppler shift. At 5.9GHz frequency, and speed up to 140km/h, the Doppler shift can be up to 1500Hz (if 2 cars move in opposite direction). This is higher than the commonly assume UE frequency error in both NR and LTE RF specs (0.1ppm, i.e. 600Hz). Given this, even some small increase in the UE frequency error would contribute a very small factor to the overall frequency offset uncertainty. Furthermore, allowing UEs to transmit some important data with a bit more frequency error would be very beneficial from an application point of view.
In summary, we think that it is premature for RAN4 to give a concrete value on the timing error and frequency error of NR V2X transmissions. For now, it is enough to state in the reply LS that RAN4 has no recommendation yet on the range of timing error and frequency error. RAN 4 can only start studying theses aspects once the NR V2X link design become more stabilized. RAN4 also recommend RAN1 to design NR V2X physical channel to be most resilient to those 2 factors. 

Observation 1: In V2X Communication, Link level performance is more dominant by propagation delay and Doppler shift than transmit timing error and frequency error.

Observation 2: Sometime, it beneficial for vehicular UE to still transmit with a more relaxed timing and frequency error given that the reception performance degradation is acceptable. This is particularly the case when the transmitted information is critical.

Proposal 1: RAN4 to inform RAN1 that RAN4 cannot not recommend any specific value on the UE transmission timing error and frequency error yet. Those aspects can only be studied once there is a concrete link level design from RAN1. For now, RAN4 recommends RAN1 to design physical channel to be as resilient to timing offset error and frequency offset error as possible.  

2.2. IBE model for FR1
Another information that RAN1 requests input from RAN4 is an appropriate IBE model for NR V2X. Normally, the IBE requirement is derived after the physical channel design and the deployment scenario become clear. As we are still in the early stage, there is little can be said about IBE model. 
Assuming that the waveforms adopted for NR V2X is a subset of what specified for NR eMBB, we think that the existing NR minimum performance IBE requirement represent what all UEs can easily achieve. On top of that, a certain amount of emission reduction can be applied to each of the individual term to reflect a typical UE performance in a similar manner that what was done for LTE V2X. Again, as we are in the early phase of the design and the design space for NR V2X is much more open than that for LTE V2X, RAN4 cannot make any recommendation on the exact value or exact form of the emission reduction. 
Yet, for system evaluation purpose, RAN1 still need a reference model for IBE. One way to do this is a dual model approach, where different system design are evaluated under both the minimal performance IBE model and typical performance IBE model.  The minimum performance model should be the current NR FR1 IBE mask, and each company can propose their own typical performance model. If there is a significant system gain with some reasonable amount of tighten of IBE model, the gain should be reflected in that study. RAN4 can then take that as an input when we define the minimum IBE performance requirement in the later phase of the work item.
Table 6.4.2.3-1: Requirements for in-band emissions (TS 38.101)
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

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

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

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

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-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 and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. 
NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs. 
NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the carrier leakage frequency if 
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 is odd, or in the two RBs immediately adjacent to the carrier leakage frequency if 
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 is even but excluding any allocated RB. 

NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.3.3). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.3.3). 

NOTE 8:
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 is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power normalized by the number of allocated RBs, measured in dBm.


Observation 3: Assuming  NR V2X waveforms are a subset of NR waveforms, NR V2X UE should be able to meet NR IBE minimum performance requirement.

Proposal 2: Inform RAN1 that, for system evaluation purpose NR IBE minimum requirement can be used as one reference IBE model. Companies can also propose their IBE model to reflect their opinion on typical UE performance.
One more important point is that tightening IBE requirement alone cannot guarantee system performance improvement. Generally speaking, when 2 transmission are FDMed in different RB, there are 2 types of leakage from the strong transmission to the weak transmission. The first type is IBE, which is caused by imperfection in the generated signal. The second type is the In Channel Selectivity, which is caused by the strong signal saturating the LNA and ADC of the receiver. If we keep reducing IBE, ICS start becoming the bottleneck. However, this bottleneck won’t be reflected in the simulation results if the simulator does not model ICS in conjunction with IBE.
Observation 4: If IBE keeps being improve, ICS become bottleneck for system performance.

Proposal 3: RAN4 recommend RAN1 to model ICS in conjunction to IBE. 

It also worth mentioning that the current NR IBE model is derived based on an UL/DL type of deployment scenario where a certain assumption can be made. For example, one most important assumption is that open loop power control is employed, so all the signal from different UE arrive at the base station with roughly the same power. Of course, not all of those assumptions remain true under V2X deployment scenario. Some tweak can be made to the way that the IBE model is defined that benefit V2X communication system can also be considered. But that should only be consider in the later part of the Work Item when the system design is stabilized, and the system gain has been proven.
Proposal 4: RAN4 will specify IBE and ICS requirement according to the input received from RAN1 on the system performance gain.

3. Conclusions
In this paper, we continue discuss the FFS item in the list of question that RAN1 ask RAN4 about RF parameter for NR V2X. Base on the discussion, we make the following observations and proposals.
On transmission timing and frequency error:
Observation 1: In V2X Communication, Link level performance is more dominant by propagation delay and Doppler shift than transmit timing error and frequency error.

Observation 2: Sometime, it beneficial for vehicular UE to still transmit with a more relaxed timing and frequency error given that the reception performance degradation is acceptable. This is particular the case when the transmitted information is critical.

Proposal 1: RAN4 to inform RAN1 that RAN4 cannot not recommend any specific value on the UE transmission timing error and frequency error yet. Those aspects can only be studied once there is a concrete link level design from RAN1. For now, RAN4 recommends RAN1 to design physical channel to be as resilient to timing offset error and frequency offset error as possible.  

On IBE model for FR1:  
Observation 3: If NR V2X waveforms are a subset of NR waveforms, NR V2X UE should be able to meet NR IBE minimum performance requirement.

Proposal 2: Inform RAN1 that, for system evaluation purpose NR IBE minimum requirement can be used as one reference IBE model. Companies can also propose their IBE model to reflect their opinion on typical UE performance.
Observation 4: If IBE keeps being improve, ICS become bottleneck for system performance.

Proposal 3: RAN4 recommend RAN1 to model ICS in conjunction to IBE. 

Proposal 4: RAN4 will specify IBE and ICS requirement according to the input received from RAN1 on the system performance gain.

�Let’s discuss about it.
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