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1 Introduction
A new work item on Vehicle-to-Vehicle (V2V) communication was approved in [1], and RAN4 has been tasked to specify the RRM core and performance requirements. Although the V2V services are based on LTE sidelink, the operational scenarios and services are different from Rel-13 based sidelink. Thus new requirements are needed. One of the requirements that will be affected due to V2V services are the UE transmit timing requirements. This topic was discussed on high-level at RAN4#79 meeting and some issues identified as FFS in the way forward document [1] as shown below. 
	· ProSe UE transmission timing
· eNB as time reference
· TE : Existing requirement can be reused

· GNSS as time reference
· Requirements for timing misalignment between GNSS based and eNB based timing should be discussed after RAN1 decision
· TE = +/- 12Ts
· SyncRef UE as time reference
· FFS


We provide our view to resolve the FFS in this paper.  
2 Discussions 
2.1 Background:

According to current requirement, the ProSe UE follows WAN timing when it is operating in-coverage. If WAN downlink timing is used as reference then ProSe transmissions are based on PRACH timing while PUSCH timing is used when WAN uplink timing is used as reference, these requirements are specified in section 7.16 in [2]. The ProSe out of coverage (any cell selection state) timing requirements are specified in section 11.2 in [2]. These requirements apply when UE derives the timing from another synchronization reference UE since there is no presence of eNodeB. UE is then required to maintain a timing error of (Te which is 24 Ts. 
2.2 V2V Scenario
2.2.1 GNSS or GNSS equivalent timing reference
In V2V operation, the UE also has the possibility to derive the timing from a GNSS source. The timing error for this case was agreed as (12 Ts at last meeting [1]. This should be captured in the CR in future meetings. The timing error requirement defined here specifies the maximum timing error that UE is required to maintain. In field there could be different GNSS or GNSS equivalent timing references that the V2V UE could use as reference for deriving the timing. Each of these GNSS or GNSS equivalent timing references could have different timing with respect to the WAN timing. Consider the example in Figure 1 below. This figure shows that the timing can be aligned, misaligned or partly aligned depending on the synchronization reference used. The first row in Figure 2 shows that there are some timing misalignment between WAN and V2V time resources when UE follows the GNSS reference #1 for V2V. The second row in Figure 2 shows that there is larger misalignment when UE follows the GNSS reference #2  for V2V, and the third row shows that the timing resources are perfectly aligned when WAN and V2V resources follow the same timing reference. The length of misalignment can also vary depending on the type of timing reference that UE follows, e.g. it can be less than 1 ms in some cases while it can be several milliseconds in others. This will create problems at the UE when switches between the WAN and V2V mode.
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Figure 1: Misaligned subframes when an in-coverage V2V device follows a different timing than PCell.

In order to minimize the timing misalignment and thereby also improve overall performance of both WAN and V2V, the differences in misalignment between each available GNSS or GNSS equivalent timing reference with respect to WAN timing should be taken into account. As an example, it is assumed that there are 3 GNSS or GNSS equivalent timing references available with acceptable quality available for UE to serve as timing reference. The timing misalignment of these with respect to WAN timing can be defined as:
Di = f(Ti, Tr); 

where Ti defines the timing of GNSS or GNSS equivalent source #i and Tr defines the WAN timing. In this case, selecting the GNSS or GNSS equivalent timing reference that has minimum timing misalignment (i.e. minimum Di) with respect to WAN timing has several advantages. 
On the other hand, if the timing misalignment of all three GNSS or GNSS equivalent timing reference is below a certain threshold (e.g. CP), then any of the three references could be selected and the misalignment will have no or negligible impact.  
Based on the determined misalignment, UE could autonomously select, re-select the timing reference, or be pre-configured with a certain type of GNSS reference (e.g. in out of coverage operation). Moreover, UE could also receive indication from other V2V UEs or the serving eNodeB about the timing reference to use. 
2.2.2 WAN timing reference 

For in-coverage scenario when eNodeB is used as timing reference, it was agreed to reuse the existing timing error requirements. 

2.2.3 Synchronization UE timing reference

In addition, the existing timing requirements based on other synchronization reference UEs should be revisited since a higher absolute and relative speed is supported with V2V compared to ProSe operation. It is not certain that the V2V UE can maintain the timing error of 24 Ts when both the UE deriving the timing reference and the UE serving as timing reference are moving quickly. As a consequence, the channel will also vary very fast which may cause problems for the out of coverage UE to maintain the tracking performance. Therefore this impact has to be studied carefully in order to avoid problems in the field. In order to align simulation results from various companies and to make good progress at next meeting, our view is that RAN4 agrees on a channel model at this meeting and uses that model for assessing the timing accuracy of other sync-ref UEs under high speed scenario. 
Typically, EPA30 Hz and ETU70 Hz channel models are used in LTE simulations. However, with V2V an absolute speed of 250 km/h and relative speed of 500 km/h is supported. The high speed can cause a problem in typical high-way deployment where the vehicles that serve as timing reference are moving in opposite direction. Thus simulations should be carried out using different channels models that corresponds such scenario. This is one of the main difference with V2V compared to Release 12/13 ProSe. 

Another big difference compared to legacy LTE is that the timing reference (eNodeB) is always in fixed location while this is certainly not the case for V2V. Since the ProSe Direct Communication UE is based on LTE, it is reasonable to expect that same speed can be supported by the V2V UE as long as timing is derived from an eNodeB. But this is not the case when timing is derived from another high-speed moving UE.  In release 13 eD2D work, the timing accuracy was not studied under high-speed and mobility of both UEs was not considered at all. Therefore the timing accuracy performance should be studied under the new scenario. 
Our proposal is to use the channel models in [3] to evaluate the timing performance of V2V UEs. It can noted that the same channel is also used in RAN1 simulations. 
Table 1: Simulation assumptions studying the V2V UE timing performance
	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	50 resource blocks
	 

	L1 measurement period
	200ms
	

	Snapshot periodicity
	40ms
	Measure S-RSRP on DMRS in each PSBCH subframe

	L3 filtering
	Disabled
	 

	Transmit antenna
	1
	 

	Receive antennas
	2
	Strongest value after L1 filtering over RX1 and RX2 branches is reported

	Propagation conditions
	AWGN CFO 0Hz, 
AWGN CFO 2700Hz,
ETU500 CFO 0Hz,
ETU500 CFO 1180Hz,
ETU500 CFO 1770Hz,
EVA2700 CFO 0Hz,
EVA2700 CFO 1180Hz,
EVA2700 CFO 1770Hz
	CFO: carrier frequency offset

	CP length
	Normal
	 

	Carrier frequency
	5.9GHz
	 

	Es/Iot
	-6 dB … 3 dB
	AWGN noise 


· Proposal #1: RAN4 is to study the timing performance (Te) of V2V UE when it is synchronized to other V2V UEs using the channel model in Table 1. 
Based on these results, RAN4 can decide whether the existing timing accuracy requirements of (24 Ts can be used when timing is derived from another sync-ref UE. 
3 Summary 
In this contribution we have discussed the timing requirements for V2V UEs and provided our view on how to move forward. We have identified that the existing timing accuracy requirements may not be possible to maintain when timing is derived from another high-speed moving UEs. Since this may be a typical deployment scenario, we proposed to study the timing performance using new channel models. We have made the following proposal:

· Proposal #1: RAN4 is to study the timing performance (Te) of V2V UE when it is synchronized to other V2V UEs using the channel model in Table 1. 
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