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[bookmark: _Ref298777854]Introduction
In last meeting, the working scope for V2V was discussed. In this paper, we provide our view on V2V demodulation framework and also discuss how to treat the leftovers issues. 
Background
[bookmark: _Ref463040604]Fundamental Modifications introduced into V2V
In [1], it summarizes the fundamental modifications to PC5 which have been introduced into V2V work item. We recap these main fundamental modifications based on [1] to facilitate the discussion described in the following sections. 
Firstly, additional DMRS symbols have been added to handle the high Doppler associated with relative speeds of up to 500kph and at high frequency (5.9GHz ITS band being the main target). This results in the sub-frame structure illustrated in Figure 1. 
As illustrated the V2V sub-frame for PC5 interface has 4 DMRS symbols, in addition to the Tx-Rx turnaround symbol at the end, allowing for better tracking of the channel at high speed.

[image: ]Figure 1: sub-frame structure [1]







Secondly a new arrangement of scheduling assignment and data resources has been agreed. The arrangement is illustrated in Figure 2 and is designed to enhance the system level performance under high density while meeting the latency requirements of V2V. Scheduling assignments (SA or PSCCH) are transmitted in sub-channels using specific RBs across time. Data transmissions associated with said scheduling assignments are occupying adjacent RBs in the same subframe. Note that another variant where SA and associated data transmissions are not necessarily transmitted on adjacent RBs has also been standardized. 
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Figure 2: multiplexing of scheduling assignment and data resources 





Finally for distributed scheduling (a.k.a. Mode 4) a sensing with semi-persistent transmission based mechanism was introduced. V2V traffic from a device is mostly periodic in nature. This was utilized to sense congestion on a resource and estimate future congestion on that resource. Based on estimation resources were booked. This technique optimizes the use of the channel by enhancing resource separation between transmitters that are using overlapping resources.
They are two high level deployment configurations currently defined and illustrated in Figure 3.
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[bookmark: _Ref463038704]Figure 3: Two configurations for currently defined V2V
In “Configuration 1” scheduling and interference management of V2V traffic is supported based on distributed algorithms (Mode 4) implemented between the vehicles. As mentioned earlier the distributed algorithm is based on sensing with semi-persistent transmission. Additionally, a new mechanism where resource allocation is dependent on geographical information is introduced. Such a mechanism counters near far effect arising due to in-band emissions.
In “Configuration 2” scheduling and interference management of V2V traffic is assisted by eNBs (a.k.a. Mode 3) via control signaling over the Uu interface. The eNodeB will assign the resources being used for V2V signaling in a dynamic manner.
Both configurations use a dedicated carrier for V2V communications, meaning the target band is only used for PC5 based V2V communications. Also in both cases GNSS is used for time synchronization.
Foreseen Fundamental Modifications leftover into V2X
There are some fundamental modifications will be foreseen. 
Firstly, the physical design considering congestion control will be further discussed in RAN1. Congestion control prevents the radio channel from being congested by too many transmissions within a certain geographical area. This is achieved by placing limits on several transmitter parameters based on channel occupancy level at the moment. For example, draft ETSI EN 302 571 V2.0.0 (2016-03) [2][3] for the 5.9GHz ITS band in Europe specifies regulatory limits on maximum Ton, minimum Toff and maximum Duty Cycle of UE transmitters based on the channel occupancy level measured as Channel Busy Ratio (CBR), where 
· Ton is the current duration of a transmission,
· Toff is the current allowed minimum time between two consecutive transmissions, 
· Duty Cycle is the ratio expressed as a percentage of the maximum transmitter “on” time on one carrier frequency, relative to 1 second [3].
Secondly, in currently defined V2V configurations, a dedicated carrier for V2V communications are used. The configuration wherein a shared carrier is used for V2V communication and cellular communication will be continually discussed in RAN1. 
Thirdly, GNSS is used for time synchronization in both currently defined configuration. However, Synchronization based on eNB is also very important, and it will be further discussed in RAN1.  
Discussion
General
As discussed in the background section, we have two parts, one part is the fundamental modifications introduced into V2V and the other part is the foreseen fundamental modifications leftover into V2X. As a general rule, we can define requirements first for the fundamental modifications which have been introduced in V2V at the earlier phase and add new requirements for the foreseen fundamental modifications leftover into V2X. 
High level deployment configurations
As discussed in the background, two configurations, which are shown in Figure 3. These two configurations are equally important for the V2V. Hence, we propose RAN4 consider both of them. 
Proposal 1: Both configuration#1 and configuration#2 shall be considered for RAN4 V2V performance requirements.

Synchronization issue
In current defined V2V deployment configurations, GNSS is used for time synchronization. In Rel-12/Rel-13, we only defined requirements for SLSS-based synchronization and eNB-based synchronization. In V2V, GNSS-based synchronization is defined and never tested, it is valuable to define performance requirements based on GNSS-based synchronization.  
Proposal 2: Performance requirements are defined based on GNSS-based synchronization in V2V work item
Doppler impact
According to RAN1 agreements and RAN request, in additional to normal Doppler as cellular, high Doppler associated with relative speeds of up to 500kph and at high frequency (5.9GHz) shall be supported. The high Doppler and high frequency have great impact on UE performance. Thus, it is very valuable to design test case to cover high Doppler and high frequency case. 

Proposal 3: Both higher Doppler/high frequency cases and lower Doppler cases shall be covered for performance requirements of V2V physical channels. 

Multiplexing of SA and PSSCH
As discussed in the background section, SA or PSCCH can be multiplexed with PSSCH with FDM manner or with TDM manner. With FDM manner, it can reduce the latency requirements and enhance the system level performance under high density. Thus, SA FDM with PSSCH is preferable in performance requirements test. 
For FDM, there are two ways for multiplexing. In the first way, data transmissions associated with said scheduling assignments are occupying adjacent RBs in the same subframe. In the second way, data transmission associated with said scheduling assignments are occupying non-adjacent RBs. The first resource allocation is more efficient, thus, adjacent RBs allocation for SA and its associated PSSCH transmission is preferable.
Proposal 4: Adjacent RBs are allocated for SA and its associated PSSCH transmission in the same subframe.  

Physical channels for test
In V2V, due to the change of RS structure change, as discussed in Section 2.1, and the change of SA and PSSCH multiplexing, and change of synchronization, all the performance requirements defined in Rel-12 cannot be reused, thus, RAN4 need redefine all the performance requirements for 
· PSSCH
· PSCCH
· PSBCH
Proposal 5: RAN4 should redefine all performance requirements for PSSCH, PSCCH, and PSBCH. 

SDR test
In Rel-12, SDR test are defined for side link. In Rel-14, The discussion on UE capability is on-going. The capability for V2V may be different from what we have defined in Rel-12 D2D. Thus, SDR test for Rel-12 need to be redesigned for V2V. 
Proposal 6: New SDR test may be need to verify the UE maximum processing capability 
Conclusion
In this paper, our view on V2V demodulation is shared. We have the following proposals:
Proposal 1: Both configuration#1 and configuration#2 shall be considered for RAN4 V2V performance requirements.
Proposal 2: Performance requirements are defined based on GNSS-based synchronization in V2V work item
Proposal 3: Both higher Doppler/high frequency cases and lower Doppler cases shall be covered for performance requirements of V2V physical channels.
Proposal 4: Adjacent RBs are allocated for SA and its associated PSSCH transmission in the same subframe.  
Proposal 5: RAN4 should redefine all performance requirements for PSSCH, PSCCH, and PSBCH. 
Proposal 6: New SDR test may be need to verify the UE maximum processing capability 
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