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1 Introduction
In RAN1#76bis, simulation assumptions for D2D and WAN co-existence were agreed in [1].
In this contribution, we provide simulation results, while addressing the impact of inband emissions from D2D transmissions on cellular PUCCH performance.

2 Simulation Assumptions and Results
The simulation assumptions and the scenario follow the agreements in [1]. All D2D UEs transmit at full power, while cellular UEs are power controlled as usually. In Figures 1a and 1b, the results for the agreed in-band emissions model [0,0,0,0], while in Annex A we also provide additional results for the emission model [3,6,3,3]. 
In the simulations, D2D transmissions and cellular data traffic are in TDM, to isolate the impact of D2D transmitters; however, cellular PUCCH is still transmitted in the subframes with D2D transmissions.
The simulation results are provided for 3 transmitting D2D UEs per cell (Option 1 in [1]), but a further performance degaradation is expected with a larger number of D2D transmitters per cell, e.g., 6 D2D UEs (Option 2 in [1]).

· Observation 1: A significant performance degradation for cellular UE PUCCH can be observed due to the inband emissions from D2D transmissions.

We have further studied whether a guard band is a viable solution to the observed issue. In this study, we assumed 10 MHz bandwidth and 10 blank RBs reserved for a guardband.
· Observation 2: Configuring a guardband may reduce inband emissions in some scenarios but cannot solve the problem in general. The gain with guardbands is limited only to specific scenarios (e.g., smaller system bandwidth and a larger number of RBs allocated for D2D).
· Observation 3: Although the simulation results are provided for PUCCH performance only, a similar negative impact on cellular UE PUSCH performance may also be expected, unless cellular UE protection mechanisms are not considered.
· Proposal 1: RAN1 is to further discuss and decide on a solution to the inband emission problem.
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Figure 1a. Inband emissions with 23 dBm UEs.





Figure 1b. Inband emissions with 31 dBm UEs.
3 Approaches to Reduce the Impact of Inband Emissions

The following approaches one can envision for reducing the impact of inband emissions on cellular PUCCH.
Approach 1: Guard bands in frequency domain.
As captured in Observation 2, this approach does not solve the issue in general. At the same time, guardband reservation leads also to inefficient resource utilization and, as a consecuence, to a capacity loss. Another disadvantage with guardbands is the scheduling restriction.
Approach 2: Adjustment of UE transmit power for D2D transmissions.
We believe this approach is capable of efficiently reducing the inband emissions. In addition, it also reduces the overall interference level. There are, however, different options for this approach, with different complexity levels and different performance, which needs to be investigated.
Approach 2a: transmit power backoff
Perhaps the simplest and with the least impact on specifications and implementation, while at the same time leaving some flexibility for implementations. No new measurements are necessary.
Approach 2b: open-loop power control
Medium complexity. Standardizing new measurements is likely to be necessary.
Approach 2c: closed-loop power control
Standardizing dynamic closed-loop power control for D2D may have a big impact on UE and the network. Also standardizing new measurements is likely to be necessary.
In [2], also other approaches have been suggested: power boosting of WAN transmissions and RSRP measurement based resource selection restriction. With the former, some of the disadvantages are the increased interference in UL and higher power consumption for cellular UEs. While the latter may require measurement reporting from the UE and may therefore be not optimal, e.g., for UEs in RRC_IDLE state.
· Proposal 2: Transmit power backoff (Approach 2a) is studied as a baseline solution to the inband emission problem. Other approaches may still be further discussed.
4 Summary

The following have been observed and proposed in this contribution:
· Observation 1: A significant performance degradation for cellular UE PUCCH can be observed due to the inband emissions from D2D transmissions.

· Observation 2: Configuring a guardband may reduce inband emissions in some scenarios but cannot solve the problem in general. The gain with guardbands is limited only to specific scenarios (e.g., smaller system bandwidth and a larger number of RBs allocated for D2D).
· Observation 3: Although the simulation results are provided for PUCCH performance only, a similar negative impact on cellular UE PUSCH performance may also be expected, unless cellular UE protection mechanisms are not considered.
· Proposal 1: RAN1 is to further discuss and decide on a solution to the inband emission problem.

· Proposal 2: Transmit power backoff (Approach 2a) is studied as a baseline solution to the inband emission problem. Other approaches may still be further discussed.
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Annex A. Additional Results
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Figure 2a. Inband emissions with 23 dBm UEs, [3,6,3,3].

Figure 2b. Inband emissions with 31 dBm UEs, [3,6,3,3].
