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1
Introduction
In this contribution we discuss techniques to address PSD limitation due to European regulations.
· In Section 2 we discuss the impact of PSD limitations imposed by European regulations 

· Section 3 propose multi-cluster transmission as a way to address PSD limitation and presents some link level results
· Section 4 concludes the contribution
2
PSD Limitation
One crucial market for LTE V2V is European market. For the ITS spectrum ETSI has defined regulations on usage. One such document is [2] where PSD limitations are defined for transmissions on ITS spectrum. Figure 1 below summarizes the PSD limitations.
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Figure 1: PSD limitation on ITS spectrum
The issue of PSD limitation was discussed in RAN plenary and a LS was sent to RAN1 on the issue (see [3]).

LTE V2V is synchronous system, which allows FDM between transmissions by different vehicles. This allows for concentration of the transmission power on part of the bandwidth, and therefore increasing SNR (as compared to DSRC, which spreads the power over the whole bandwidth). Note that such a transmission needs to be contiguous in frequency (i.e., single cluster) due to SC-FDMA constraint. This is one of the reasons that LTE-V2V has a link budget advantage if it uses the same transmission power as DSRC.

However PSD limitations can erode this advantage. For example if PSD limitation is 23dB/MHz then DSRC can transmit 33dBm over 10MHz bandwidth. But if LTE-V2V transmits on 20 RBs using single cluster SC-FDMA transmission LTE-V2V cannot transmit at 33dBm. (The maximum allowed power is around 27.7dBm.) As a result, LTE-V2V’s link budget advantage may be taken away. 
Observation 1: PSD limitation can erode the link budget advantage of LTE V2V compared to DSRC.
2
Multi-Cluster Transmission
One simple way to address this issue is to allow for multi-cluster SC-FDMA transmissions. We note that the multi-cluster SC-FDMA transmissions by a UE is already allowed in LTE. Figure 2 shows a simple example. Figure 2(a) depicts one cluster of 20 RBs. Since 1MHz is about 5.556 RBs, the maximum power per RB is about 23dBm – 10*log10(5.556) = 15.55dBm. Figure 2(b) depicts a multi-cluster transmission where 10 clusters are used with 2 RBs in each cluster, and the spacing between adjacent clusters is 5 RBs. In this configuration there are at most 5.556-3=2.556 RBs in any window of 1MHz, therefore the power per RB can be 23dBm - 10*log10(2.556) = 18.92dBm, a 3.37dB gain compared to single-cluster transmission.
We simulated multi-cluster transmission at link level. The channel estimation algorithm for single-cluster transmission can be adapted for this case. That is, traditional DMRS is reused and half-symbol based frequency offset estimation [1] is modified slightly. The simulation assumptions are the same as before with Tx and Rx UEs move towards each other with 140km/h each. We observe in Figure 3 that even with 10 clusters the link level performance of multi-cluster is close to single-cluster, with less than 1dB loss. However considering the 3.37dB power gain, we get more than 2.37 gain in link budget if the PAPR issue is not considered. Note that the amount of gain depends on the total number of RBs and how the clusters are allocated.
Observation 2: Multi-cluster transmission has similar link-level performance as single-cluster transmission, but has a link budget advantage under the PSD constraint.

However the issues of PAPR backoff due to multi-cluster transmission and in band emissions arising due to multi-cluster transmission needs to be studied.
Proposal 1: Study multi-cluster transmission as a way to improve the link budget under PSD constraints.
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(a) Single-cluster transmission

(b) Multi-cluster transmission
Figure 2: Single-cluster vs. multi-cluster transmission
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Figure 3: Link level performance of multi-cluster vs. single-cluster transmission 
3
Conclusion

In this contribution we discuss techniques to address PSD limitation for V2V. We made the following observation and proposal.
Observation 1: PSD limitation can erode the link budget advantage of LTE V2V compared to DSRC.
Observation 2: Multi-cluster transmission has similar link-level performance as single-cluster transmission, but has a link budget advantage under the PSD constraint.

Proposal 1: Study multi-cluster transmission as a way to improve the link budget under PSD constraints.
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