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Agreements:
· The following two aspects need to be discussed with regard to the usefulness of an detection option
· Usefulness when IEEE802.11p detects LTE
· Usefulness when LTE detects IEEE802.11p
· Study until the next meeting on the usefulness of the following options
· Option 1: Detecting the pattern of LTE CP
· Option 2: Detecting a sequence of LTE transmitted within the last symbol of a subframe
· Option 3: Detecting periodically transmitted LTE signal (e.g., SLSS)
· Option 4: Measuring energy
This contribution discusses the co-channel coexistence of multiple RATs for V2X. 
Discussion
Details of detection of other RAT
As discussed in RAN1 #86bis, the detection of other RAT can be done by using either a pre-determined signal or by measuring energy. IEEE 802.11p preamble can be used for LTE devices to detect DSRC device. DSRC devices can also detect LTE specific signal. Between DSRC devices, they can detect each other using preamble, but if energy measurement is used to detect LTE devices, more aggressive interference can be occurred by other system because the sensing threshold between energy detection and preamble detection has 20dB difference. Therefore, it is desirable to use predetermined sequence to detect other system. Note that this predetermined sequence detection is also helpful to detect own system. An LTE UE can attempt detection of LTE transmissions by using a predetermined signal. If the UE observes high power in a resource where no LTE signal is detected, it can assume the presence of other RAT. 
For the detection signal transmitted from LTE UEs, the following options can be considered;
· Option 1: CP length detection 
· Option 2: Predetermined sequence in the last symbol with fixed BW
· Option 3: Predetermined sequence (Comb type with repetition factor of 4 or 8) in the last symbol with transmission signal BW
In option 1, if there is timing difference between UEs, inter-symbol interference (ISI) due to timing error between UEs and delay spread can be occurred and the performance can be degraded. Fig. 1 illustrates an example of ISI for CP detection. Timing difference can be occurred because of GNSS timing error and propagation dely. When a UE has GNSS timing, there is the requirement of timing error which is +/-12 Ts. Even if transmit timing is perfectly aligned, from a receiver UE point of view, the reception timing can be different since the propagation delay is different between UEs. Another issue is that LTE has different CP length in the first symbol. When a DSRC device tries to detect LTE CP, the slot boundary is not known to DSRC device. For high interference scenario, CP detection for single symbol may not be enough because of the lack of the desired signal energy to detect it. Fig. 2 illustrates the ISI due to the different CP length. Note that ISI makes the energy of CP within 4.7us not to be fully usable. 
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Fig. 1 an example of ISI for CP detection (option 1)
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Fig. 2 an example of ISI due to different CP length
Since SLSS and PSBCH have a relatively long period of 160 ms, so the detection latency may be a problem, especially when an LTE UE should quickly vacate after detecting the presence of other RAT. Moreover, it may be useful if SLSS and PSBCH of LTE are also shared by NR SL operations, e.g., for synchronization of time and frequency in order to support TDM/FDM of resource pools in the same carrier. Therefore, a new detection signal is needed if a predetermined signal is to be used for the coexistence of multiple RATs.
In order to ensure the detectability, it should be the baseline that a UE transmits the detection signal whenever it transmits PSCCH/PSSCH in a subframe. One simple way is to use the last symbol, including the possibility of using a part of these symbols, within the frequency resource of the corresponding PSCCH/PSSCH or a fixed bandwidth. In the last symbol, TX/RX switching and additional timing gap to absorb timing advance of UL TX is needed. We explain two options of the detection signal of LTE SL V2V. The option 2 and 3 are depicted in Fig. 3. In these options, a short sequence is repeated in time domain within the last symbol. The difference is the bandwidth of the detection signal. In option 2, the bandwidth of the detection signal is fixed and the detecting device matches each sequence on the known frequency resource. If the transmission bandwidth and the exact sequence of the detection signal are known to the detecting device, the receiver can directly correlate the pre-determined detection signal. If the signal has a repetition pattern in time domain, the detecting device is able to use delayed correlation receiver where the time domain received signal is delayed by the detection sequence length and correlated with the incoming received signal. Note that this can be up to receiver implementation. The signal power of predetermined sequence can be overestimated (constructive sum of SFNed signal) or underestimated (destructive sum of SFNed signal). When a resource pool is FDMed with other channels (e.g. Uu or NR), the sequence is transmitted outside the resource pool. This will be problematic when LTE V2V pool is FDMed with other signals/channels.   
In option 3, the signal bandwidth of the detection signal is same as the bandwidth of PSCCH/PSSCH. In this option, since the transmission signal is not exactly known to the detecting device, the intended behavior is also to use delayed correlation. Therefore it is no need to define a pre-determined sequence in specification, but a partial (data symbol) puncturing and the repetition of its remaining part need to be defined in specification. In this operation, the device does not detect the sequence itself but identifies a specific repetition pattern of the signal in the time domain which is similar with CP detection, but this does not suffer from ISI because the CP of the pre-determined signal can absorb the other symbol interference. 
Proposal 1: For the detection signal transmitted from LTE UEs, the following options can be considered;
· Option 1: CP length detection 
· Option 2: Predetermined sequence in the last symbol with fixed BW
· Option 3: Predetermined sequence in the last symbol with transmission signal BW
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Figure 3. Options of LTE SL V2V detection signal using time repetition of short sequences.
Performance comparison of detecting signal options

We compare option 1 and 3 as described in previous section. The detection threshold of 0.5 is used and the detection metric defined in [1] is used. Umi NLOS channel with 500km/h velocity are assumed. For option 3, the first 5us part of the last data symbol is repeated with 8 times (total (4.7+40)44.7us length) and the remaining part is used for gap. For both options, delay and correlated method is used. 
[image: ]
Figure 4 Detection performance comparison for option 1 and 3
Evaluation results are shown in fig. 4. We have following observations,
Observation 1: 
1) Without timing error, CP detection (option 1) has better performance. 
2) Option 3 is robust to timing error and shows better performance when 1us timing error. 
Inter-RAT coexistence in V2P cases
For the V2P cases, the scenario of P-UE transmission and V-UE reception was prioritized during the SI phase. However, detection-based inter-RAT coexistence needs to consider the limited P-UE reception capability if such coexistence mechanism is used for V2P cases as well. One possibility is to enforce each P-UE to sense other RAT before transmissions, but this will require more battery consumption and also the RX functionality in the PC5 carrier. Even the partial sensing operation has the limitation that the P-UE is not able to detect the presence of other RAT in the subframes where it does not perform monitoring.
To address this issue, we can consider assistance from eNB. Each V-UE can report to eNB the detection of other RAT together with its location information. Then, eNB can forward this information to the P-UE and the P-UE can determine its transmission by taking the part relevant to its location from the forwarded information. Alternatively, eNB can activate/deactivate the resource pool for P-UEs in a region based on the report from V-UEs.
Proposal 2: If the detect-and-vacate is operated for V2P cases, a solution is needed for the P-UE to recognize the presence of other RAT. V-UE reporting and eNB forwarding can be considered.
 
Conclusion
This contribution discussed the co-channel coexistence of multiple RATs for V2X. The discussions can be summarized as follows:
Proposal 1: For the detection signal transmitted from LTE UEs, the following options can be considered;
· Option 1: CP length detection 
· Option 2: Predetermined sequence in the last symbol with fixed BW
· Option 3: Predetermined sequence in the last symbol with transmission signal BW
[bookmark: _GoBack]Observation 1: 
1) Without timing error, CP detection (option 1) has better performance. 
2) Option 3 is robust to timing error and shows better performance when 1us timing error.
Proposal 2: If the detect-and-vacate is operated for V2P cases, a solution is needed for the P-UE to recognize the presence of other RAT. V-UE reporting and eNB forwarding can be considered.
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