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1. Introduction

In this paper, we discuss the UE RF reference architecture for D2D. The plausible RF architectures for D2D have been discussed in prior RAN4 meetings (e.g., R4-145181, R4-145185), and this paper attempts to consolidate the online and offline discussions on this aspect.
The paper is organized as follows:
· Section 2: discusses the RF architecture for D2D on TDD bands

· Section 3: discusses the RF architecture for D2D on FDD bands

· Section 4: summarizes the observations

2. D2D on TDD bands
For TDD bands, D2D transmission and reception occurs on the UL subframes. D2D Tx and Rx use half-duplex, and is hence no different than current WAN Tx and Rx on TDD bands.
For D2D transmission, all the D2D data carrying physical channels use SC-FDMA and PUSCH structure and hence the existing RF Tx path (PA, band filter, etc.) for those bands can be reused. 

For D2D reception, the same RF Rx path (e.g., LNA) can be reused and no changes to the RF architecture is required. This implies that the current receiver characteristics (e.g., selectivity to blocker) will also apply to D2D reception. To this end, in our companion paper R4-145739, we show the existing WAN receiver characteristics exceed those required to maintain a good D2D system level performance.
Observation 1: No changes to existing UE RF architecture required for D2D on TDD bands.
3. D2D on FDD bands

For FDD bands, D2D transmission and reception occurs on the UL spectrum. This presents a new requirement where the UE is now required to receive on the UL spectrum of the FDD band. 

For concurrency in reception on UL and DL spectrum, the following has been agreed in RAN1:

· For D2D discovery, UE may not be able to simultaneously receive on the UL and DL of an FDD band

· For D2D communications, UE shall be able to simultaneously receive on the UL and DL of an FDD band

Changes to the RF architecture are required to enable reception on the UL spectrum. Further, depending on the UE’s ability to simultaneous receive on the UL and the DL spectrum, the RF architecture will be different.

3.1. D2D on FDD bands: RF reference architecture
In this subsection, we present some RF reference architecture for D2D on FDD bands.
· Figure 1 below shows a RF reference architecture for D2D on FDD bands, for a UE that does NOT support simultaneous reception on the associated UL and DL spectrum.
· Figure 2 below shows a RF reference architecture for D2D on FDD bands, for a UE that supports simultaneous reception on the associated UL and DL spectrum.
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Figure 1: RF reference architecture  for D2D on FDD bands (no simultaneous reception on UL and DL)
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Figure 2: RF reference architecture for D2D on FDD bands (with simulatenous reception on UL and DL)


Observation 2: For D2D on FDD bands, the following observations are hence made:

· WAN and D2D Tx paths will be shared.
· For no simultaneous reception on UL and DL, the Rx LNA can be shared between WAN and D2D.
· For simultaneous reception on UL and DL, separate Rx LNAs will be required. 
· Reception on UL will require a switch to be inserted on the Tx path.

3.2. Further discussion on the RF reference architectures
In this section, we provide some further discussion and critique of the RF architectures for D2D Rx on FDD bands presented in Figure 1 and Figure 2.
Figure 3 and Figure 4 below present some implementation considerations for the RF architectures presented in Figure 1 and Figure 2, respectively. Discussion on the implementation considerations highlighted in these figures follows.
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Figure 3: Implementation considerations for RF architecture presented in Figure 1 (for no simultaneous reception on UL and DL)
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Figure 4: : Implementation considerations for RF architecture presented in Figure 2 (for simultaneous reception on UL and DL)


3.2.1. On Figure 1 (for no simultaneous reception on UL and DL)

As depicted in Figure 3, following are some of the implementation considerations for the RF architecture in Figure 1
· Additional leakage paths

· WAN Tx to WAN PRx: Arises due to having a switch in front of the UL filter of the duplexer. The isolation provided by the two switches (one before UL filter, and other before LNA) can be chosen to provide the desired isolation (~10dB higher than duplexer UL-DL isolation). Alternatively, as shown in the figure, an additional switch (SPST) may also be added to the D2D Rx path to achieve the desired isolation while still using low insertion loss (and low isolation) switches affecting WAN Tx and Rx paths. This is a likely a preferred alternative to limit the impact to WAN MOP and REFSENS.

· WAN Tx to WAN DRx: Arises due to the presence of UL DRx path required for D2D. It’s desired for the total isolation 
on this path to be comparable to duplexer isolation. The isolation provided by the antenna-antenna + ASM port-port isolation + SPDT should be enough to meet this design goal.

· Increased insertion loss on WAN Tx and WAN DRx paths

· For WAN Tx path, it’s due to introduction of switch in front of the UL filter of duplexer. For WAN DRx path, it’s due to increased number of throws in ASM, and the need for a switch in front for the DRx filter. Relaxations for minimum requirements on MOP and Refsens should hence be discussed in RAN4
3.2.2. On Figure 2 (for simultaneous reception on UL and DL)

As depicted in Figure 4, following are some of the implementation considerations for the RF architecture in Figure 2.
· Additional leakage paths

· WAN Tx to WAN PRx: Arises due to having a switch in front of the UL filter of the duplexer. It’s desired for the isolation on this path be ~10dBs higher than the duplexer isolation so that the Tx noise floor in the Rx band is not raised. The sum isolation provided by the switch, SPST, and LNA-LNA port isolation should be enough to meet this design goal. 
· WAN Tx to WAN DRx: Arises due to use of duplexer on the DRx path. It’s desired for the total isolation 
on this path to be comparable to duplexer isolation. The isolation provided by the primary antenna to diversity antenna + SPST + LNA-LNA port isolation should be enough to meet this design goal.

· Increased insertion loss on WAN Tx and WAN DRx paths

· For WAN Tx path, it’s due to introduction of switch in front of the UL filter of duplexer. For WAN DRx path, it’s due to use of duplexer instead of DRx (DL) filter. Relaxations for minimum requirements on MOP and Refsens should hence be discussed in RAN4.

4. Conclusions / Summary
In this paper, we presented the RF reference architecture for D2D. Following observations were made:
(D2D on TDD bands)

Observation 1: No changes to existing UE RF architecture required for D2D on TDD bands.
(D2D on FDD bands)

Observation 2: For D2D on FDD bands, the following observations are made:

· WAN and D2D Tx paths will be shared.
· For no simultaneous reception on UL and DL, the Rx LNA can be shared between WAN and D2D.
· For simultaneous reception on UL and DL, separate Rx LNAs will be required. 
· Reception on UL will require a switch to be inserted on the Tx path.
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