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1. Introduction
In RAN1 #74bis meeting, multiplexing between cellular link and D2D link was discussed, leading to the following agreement [1]:

Agreement: 

· TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective (at least within one carrier), including a mechanism for handling/avoiding collisions (details FFS)

· Study further the possibility to use FDM for D2D and cellular signals, including how to handle the near-far effect in case of FDM, and impact on waveform.

· Take into account both UE and system aspects 

In this contribution, the multiplexing between cellular link and D2D link from an individual UE perspective is analyzed, and TDM multiplexing is preferred. Mechanisms of avoiding collisions in TDM are also discussed.
2. Discussion
2.1. Multiplexing between cellular link and D2D link
From individual UE perspective, there are two potential multiplexing methods between cellular link and D2D link: FDM or TDM. It is simple for D2D operation if TDM is used. However, mechanisms for avoiding collisions between D2D link and cellular link (e.g. PUCCH, PUSCH, SRS, etc.) are needed. For PUSCH and SRS, the collisions can be avoided by eNB scheduler. For PDSCH ACK/NACK feedback which is carried in PUCCH, its transmission is determined by the predefined HARQ timing. Therefore, we will mainly focus on the collision between PUCCH and D2D link. 
In case of FDM manner, the coverage of D2D communication may be limited due to simultaneously D2D and PUCCH transmission. If D2D UE needs transmit D2D signal and PUCCH at same subframe, the power used for PUCCH transmission shall be guaranteed with higher priority, the remaining power can be used for D2D transmission. As a result, D2D broadcast communication coverage is limited. For example, when a D2D UE is located at the edge of a cell, the remaining power for D2D transmission may be limited due to PUCCH transmission. When a UE is located at the center of a cell, the maximum power used for D2D transmission should be limited due to in-band emission from D2D signal to PUCCH, for PUCCH transmission power may be small. According to definition of in-band emission in TS36.101 [2], the emission noise floor is -30 dBc relative to PSD for the transmitted resource blocks. Further considering that the in-band emission of D2D transmission will interfere with the cellular transmission of other UEs, which may lead to “near-far” effect, the maximum power imbalance between PUCCH and D2D transmission is limited. The limitation of D2D transmission power may limit the coverage of D2D broadcast communication.
With the consideration of D2D broadcast communication coverage, we prefer that TDM shall be used for multiplexing between D2D link and cellular link from individual UE perspective.

Proposal 1: FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective.
2.2. Mechanism for avoiding collisions in TDM manner
In this section, we mainly discuss the collision avoiding mechanisms between cellular and D2D link, which are multiplexed in TDM manner from an individual UE aspect. In general, the cellular link can be operated in frame structure type 1 (FDD system) or type 2 (TDD system), the collision avoiding mechanisms for both frame structure types are discussed separately:
· For frame structure type 1

In frame structure type 1, as shown in Figure 1, there are 10 subframes in one LTE radio frame which can be used for PDSCH transmission. For example, if a D2D UE need to transmit D2D data in UL subframe n, then eNB can avoid scheduling the D2D UE’s PDSCH in DL subframe n-4, where UL subframe n is the ACK/NACK feedback subframe for PDSCH in DL subframe n-4. And eNB can schedule the D2D UE’s PDSCH in another DL subframe to avoid the collision with minor impacts to cellular link resource efficiency. 
Furthermore, the collision between D2D link and PUCCH can be avoided through dropping D2D transmission or PUCCH transmission by D2D UE self. In order to reduce the impacts to cellular link, we prefer to drop D2D transmission.
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Figure 1: Collision avoiding mechanisms for frame structure type 1
Observation 1: In case that cellular link is operated in frame structure type 1, the collision between cellular link and D2D link from an individual UE could be avoided by eNB scheduler.
· For frame structure type 2
In frame structure type 2, the collision between cellular link and D2D link from an individual UE can also be avoided by eNB scheduler. However, in frame structure type 2, the DL and UL subframes are multiplexed in TDM manner, and one UL subframe may carry ACK/NACK feedback for multiple DL subframes in some TDD UL/DL configurations. Multiple DL subframes will be impacted if the UL subframe is reserved for D2D transmission. Therefore, the impacts to the cellular link cannot be ignored if only scheduling based collision avoiding mechanism is used. 
A collision avoiding mechanism for frame structure type 2 is provided as shown in Figure 2. eNB indicates a reference TDD UL/DL configuration for D2D UE, and D2D UE can transmit the ACK/NACK feedback according the reference TDD UL/DL configuration. The reference TDD UL/DL configuration is determined by D2D subframe configuration and actual TDD UL/DL configuration of cellular link, and it is  natural for reference TDD UL/DL configuration to reuse the current LTE TDD UL/DL configurations (configuration 0~6). In the reference UL/DL configuration, the “Quasi-DL subframe” is provided, as shown in Figure 2, the “Quasi-DL subframe” is a UL subframe configured as D2D subframe in TDD UL/DL configuration of cellular link, but it is deemed as DL subframe in the reference TDD UL/DL configuration, which cannot be used for DL operation of D2D UE. 

[image: image2.emf]D S U U/D2D D D S U U/D2D D

PDSCH

ACK/NCK

0 1

2 3 4 5 6 7 8 9 Subframe number

Cellular link TDD UL/DL 

(TDD UL/DL configuration 1)

D2D UE reference TDD UL/DL 

(TDD UL/DL configuration 2

）

D S U

Quasi-DL

D D S U

Quasi-DL

D

D S U U/D2D D

D S U

Quasi-DL

D

0 1

2 3 4

ACK/NCK

D2D UE PDSCH HARQ timing


Figure 2: Collision avoiding mechanisms for frame structure type 2

Another type of “Quasi-DL subframe” is shown in Figure 3. For example, the subframe 8 is configured as D2D subframe with 10ms period, and actual TDD UL/DL configuration of cellular link is configuration 1. In order to determine the reference TDD UL/DL configuration, subframe 8 is assuming as a “Quasi-DL subframe”, the selected reference TDD UL/DL configuration is configuration 2 which is the closest TDD UL/DL configuration with the smallest number of “Quasi-DLsubframe”. Subframe 3 is a UL subframe in TDD UL/DL configuration of cellular link, and it is deemed as DL subframe in reference TDD UL/DL configuration, where subframe 3 is not configured as D2D subframe. Subframe 3 is also a “Quasi-DL subframe”, which can still be scheduled for cellular uplink data transmission.
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Figure 3: Quasi-DL subframe

Observation 2: In frame structure type 1, the collision between cellular link and D2D link from an individual UE could be avoided through dropping D2D transmission by UE self.

Proposal 2: In case that cellular link is operated in frame structure type 2, D2D UE shall transmit the ACK/NACK feedback according a reference TDD UL/DL configuration which is indicated by eNB, where the reference TDD UL/DL configuration is derived from D2D subframe configuration and TDD UL/DL configuration of cellular link. 

3. Conclusion 

In this contribution, we discuss the multiplexing between cellular link and D2D link from an individual UE perspective, and prefer TDM manner. Then, we provide the mechanism for avoiding collisions in TDM manner. Particularly, we have the following proposals and observations:
Proposal 1: FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective.

Observation 1: In case that cellular link is operated in frame structure type 1, the collision between cellular link and D2D link from an individual UE aspect could be avoided by eNB scheduler.
Observation 2: In frame structure type 1, the collision between cellular link and D2D link from an individual UE could be avoided through dropping D2D transmission by UE self.

Proposal 2: In case that cellular link is operated in frame structure type 2, D2D UE shall transmit the ACK/NACK feedback according a reference TDD UL/DL configuration which is indicated by eNB, where the reference TDD UL/DL configuration is derived from D2D subframe configuration and TDD UL/DL configuration of cellular link. 
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