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1 Introduction
In RAN1#73, the following has been agreed:

· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage),
· It is assumed that D2D transmission/reception does not use full duplex on a given carrier.
With the above agreements, cellular and D2D communication will share UL resources, which may result in different types of interference for various reasons, including timing misalignment between Tx/Rx and due to Rx to Tx transition. To address the issue, two solutions are analyzed and compared in this contribution, a solution utilizing guard periods and a solution based on sending redundancy bits in the potential collision/interference symbols. It is observed that in the presented simulations the solution with redundancy bits and puncturing is at least as good as the solution based on guard periods.
2 Considerations on Data Channel for Data Communication
D2D communication and cellular UL transmissions share UL resources, which may cause interference for different reasons, including time misalignment of transmitted and received subframes. Time misalignment may occur, e.g., due to different synchronization sources [1], propagation delays, different TAs for the D2D transmissions and cellular transmissions, etc. Such time misalignment may result in inter-UE interference, and Rx to Tx transition may result in intra-UE collision. More specifically, 
· Intra-UE collisions: occur during transitions between D2D/cellular and D2D Rx/Tx (see Figure 1),
· Inter-UE interference: occurs between D2D subframes and cellular subframes (see Figure 2).
The interference or collision may be over a part of interfered SC-OFDM symbols, e.g., up to 10-20 µs at the beginning and/or end of the D2D subframe. The size of the interfered part is determined e.g. by the distances between cellular UE and D2D Rx. The size of the collision part is determined by the TA difference for D2D Tx and cellular UE, Rx/Tx transition time, distance between D2D Tx/Rx, etc. If the intra- or inter-UE interference is severe, the data transmissions may be not received correctly. 
Next, we look into possible solutions to the described problem, namely, using guard periods and transmitting redundancy bits.
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Figure 1: Intra-UE collision.
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Figure 2: Inter-UE interference.
2.1 Solution 1 based on guard periods

With this approach, a guard period (GP) is used at the beginning and in the end of the D2D subframe such that the whole SC-OFDM symbol is reserved as blank, or punctured at the transmitter, as illustrated below in Figure 3. To keep the same amount of transmitted data, this solution implies a higher coding rate, due to fewer available resources for the data transmissions.
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Figure 3: Guard periods to protect from the interference and collisions.
2.2 Solution 2 based on redundancy bits

By this approach, redundancy bits are inserted to the first and the last SC-OFDM symbol of a D2D subframe, while information bits are mapped to the middle symbols. If the coding rate is very high, part of the information bits can also be mapped to the middle of the first and/or last symbol of D2D subframe. Considering the typical scenario of D2D transmission, a fixed length of bits (including interference/collision part) at the beginning/end of received signal may be discarded/punctured at the receiver, e.g., corresponding to 30 µs. This solution may be further enhanced with a modified interleaver, so a modified interleaver then maps redundancy bits to the beginning/end of subframes (see e.g. Figure 4).
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Figure 4: Original and an example of a modified channel interleaver.
3 Link Level Results

In Figures 5a and 5b, we show link-level results for the legacy and new PUSCH, where the “new PUSCH” is based on the modified interleaver scheme. In these simulations, we assume 64QAM-3/4 with 6 RBs, EPA 5Hz channel, maximum number of transmissions is 4, and antenna configuration is 1x2. Scenarios with 0  µs or 20  µs collision at the end of D2D subframe are studied. The collision means that part of the transmitted signal can not be received at receiver because Rx/Tx collision, which is set to 0 in the simulations.  The performance of different schemes is compared in the figures, where the following notation is used:
· “no puncture” means there is no puncturing of soft bits at the receiver in the end of D2D subframe and there is no puncturing (or GP) at the transmitter, 
· “30us puncture” means the bits corresponding to the length of 30 µs at the end of D2D subframe are punctured, 
· “1 symbol puncture” means all bits of the last SC-OFDM symbol are punctured.
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Figure 5a: Link-level results for a legacy and new PUSCH, without puncturing.
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Figure 5b: Link-level results for a new PUSCH, with different length puncturing.

The difference between the legacy and the new PUSCH is the interleaver scheme. Therefore, without puncturing, even for 20 µs collision at the end of OFDM symbol, only the redundancy bits are affected for both schemes, which results in a very similar performance for the legacy and the new PUSCH (see Figure 5a).
Based on the results, the following observations are made:

· Observation 1: if there is interference/collision, it is necessary to reserve a GP (Solution 1) or perform puncturing at receiver (Solution 2).

· Observation 2: it is unnecessary to puncture the whole SC-OFDM symbol, when only the first and/or the last 10-20 µs are subject to collision/interference

· Observation 3: puncturing a part of the SC-OFDM symbol outperforms GP.
4 Summary

· Observation 1: if there is interference/collision, it is necessary to reserve GP (Solution 1) or perform puncturing at receiver (Solution 2).

· Observation 2: it is unnecessary to puncture the whole SC-OFDM symbol, when only the first and/or the last 10-20 µs are subject to collision/interference

· Observation 3: puncturing a part of the SC-OFDM symbol outperforms GP.
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