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1
Introduction

In this contribution we discuss MPR for same subframe control and data transmissions for sidelink V2V. 

The structure of this contribution is as follows:

· Section 2 discusses the MPR for same subframe control and data transmissions
· Section 3 shows some simulation results for the loss in range.
· Section 3 concludes the contribution.

2
MPR for Multi-Cluster Transmissions
During RAN1#84bis the following agreement was achieved for time relationship between control (SA) and data transmissions.

Agreement:
· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI, 

· SA and the associated data are transmitted in different TTIs

· The scheduling timing between SA and associated data is variable
· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range
· In eNB-scheduling mode, the timing is determined by eNB
· SA includes information about the scheduling timing

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)

It was further agreed that 

Agreement:
· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.
Transmission of non-adjacent RBs can be thought of as multi-cluster transmission with SA being transmitted in one cluster and data being transmitted in another cluster. Multi-cluster transmission will have higher MPR compared to single cluster SC-FDMA due to inter-mods, higher PAPR etc. MPR for non-adjacent transmissions is specified in 36.101 [1] Section 6.2.3. The requirements are reproduced below. 

For transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA =
8.00-10.12A

; 0.00< A ≤ 0.33

5.67 - 3.07A

; 0.33< A ≤0.77

3.31



; 0.77< A ≤1.00

Where


A = NRB_alloc / NRB.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR ( [3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0]

Based on this we observe that a loss of 3dB to 8dB in link budget. Assuming around 120dB link budget then 3dB to 8dB loss in link budget leads to a 50m to 110m reduction in range respectively. This is validated in Section 3 with system level results.
Observation 1: Transmission of SA and associated data on the same subframe in a non-contiguous transmission can lead to significant loss of range (50m to 110m) according to current specification.

The current MPR specification is assumes arbitrary RB allocation whereas for V2V the size of control resource is fixed in size. We simulated MPR for fixed size of control and variable size of data for non-contiguous resource allocation. The MPR was calculated using spectral emissions mask (SEM), ACLR, and spurious emissions. In other words only a subset of the impairments were simulated. The results for SA size of 1RB, 2 RB, and 4 RB are shown in Figure 1. The circles indicate the MPR needed for a particular RB allocation combinations. For reference we also plot the MPR requirements according to 36.101 [1].

Note that the simulation results presented here are initial simulation results and RAN4 needs to investigate this thoroughly to get accurate results. 
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Figure 1(a): MPR for SA size of 1 for non-adjacent transmissions
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Figure 1(b): MPR for SA size of 2 for non-adjacent transmissions
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Figure 1(c): MPR for SA size of 4 for non-adjacent transmissions
We observe that while MPR with fixed size for control is lower than the MPR in current specification it is still very high. Around 4 dB for allocations of 10 RBs and around 3 dB for allocations of 15 RBs. This is still significant loss in link budget.
Observation 2: Initial results indicate that even with fixed size for one of the cluster (i.e., SA) and with only a subset of the impairments the MPR observed for non-adjacent transmissions can lead to significant loss in link budget. 

We also simulated MPR for fixed size of control and variable size of data for contiguous resource allocation. The MPR was calculated using spectral emissions mask (SEM), ACLR, spurious emissions, UTRA1, UTRA2, E-UTRA, etc. In other words all impairments were simulated. The results for SA size of 1RB, 2 RB, and 4 RB are shown in Figure 2. The circles indicate the MPR needed for a particular RB allocation combinations. For reference we also plot the MPR requirements according to 36.101 [1].
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Figure 1(a): MPR for SA size of 1 for adjacent transmissions
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Figure 1(b): MPR for SA size of 2 for adjacent transmissions
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Figure 1(c): MPR for SA size of 4 for adjacent transmissions
We observe that while MPR co-located clusters is quite low. Maximum MPR is 2 dB (1dB more than single cluster SC-FDM) for SA size of 1 and 2. For SA size of 4 RB the MPR is 2.5dB. 
Observation 3: Adjacent transmission of SA and data can lead to much smaller MPR (additional 1dB) and therefore little loss in link budget.
Based on this we propose to introduce an option where control and data are adjacent in frequency. Furthermore we propose sending a LS to RAN4 to specify MPR for same subframe SA and associated data. 
Proposal 1: Introduce an option where SA and its associated data on the same subframe can be adjacent in frequency.

Proposal 2: Send a LS to RAN4 asking them to specify MPR for the case where SA and it associated data are transmitted on the same subframe.

3
System Simulation Results
To illustrate the amount of loss at system level we simulated the Freeway 140km/hr [3], with 14/20 RB data resource allocation for LTE-V2V. (See [3] for details.) The backoff power is chosen as 5.5dB. The maximum transmission power then is 17.5dBm.
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Figure 2: System level performance for Freeway case (140km/hr)

Based on the results we make the following observation.

Observation 4: System level results show that high MPR reduces communication range significantly. At 90% PRR point, the range advantage of LTE-V2V over DSRC reduces from 75% to 37.5%. 

4
Conclusion

In this contribution we discussed MPR for the case where SA and its associated data on the same subframe. We made the following observations and proposals.
Observation 1: Transmission of SA and associated data on the same subframe in a non-contiguous transmission can lead to significant loss of range (50m to 110m) according to current specification.

Observation 2: Initial results indicate that even with fixed size for one of the cluster (i.e., SA) and with only a subset of the impairments the MPR observed for non-adjacent transmissions can lead to significant loss in link budget. 

Observation 3: Adjacent transmission of SA and data can lead to much smaller MPR (additional 1dB) and therefore little loss in link budget.
Proposal 1: Introduce an option where SA and its associated data on the same subframe can be adjacent in frequency.

Proposal 2: Send a LS to RAN4 asking them to specify MPR for the case where SA and it associated data are transmitted on the same subframe.

Observation 4: System level results show that high MPR reduces communication range significantly. At 90% PRR point, the range advantage of LTE-V2V over DSRC reduces from 75% to 37.5%.
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