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1. Introduction

In RAN1#77, an LS [1] was sent to RAN4 on D2D multicarrier capabilities. 
The LS informs on the following working assumptions made in RAN1 for D2D operation on an FDD carrier:

	· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D

· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D



The following actions are requested from RAN4:

	· RAN1 asks feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band

· RAN1 asks feasibility and implication of single receiver chain switching between cellular spectrum and D2D reception associated UL spectrum for FDD band


In this paper, we present a brief discussion on the actions requested by RAN1.
2. Simultaneous Rx on associated UL and DL spectrum
As indicated in the LS [1], the UE’s ability to simultaneously receive on the associated UL and DL spectrums of an FDD carrier is assumed for D2D communications (hence PS UEs only) and is optional for D2D discovery (PS and commercial UEs). In the following subsections we discuss the feasibility and implication of this assumption for RF implementation.
2.1. Feasibility

Figure 1 shows a plausible RF front-end implementation to simultaneously receive on the associated UL and DL spectrum of an FDD carrier. The implementation shown herein requires minimal changes to the existing WAN Tx and Rx paths.
Further, as depicted in Figure 2, some of the implementation considerations for the RF architecture in Figure 1 are as follows:
· 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 and the LNA-LNA port isolation should be enough to meet this design goal. If required, additional SPST can be inserted on the D2D PRx path for further isolation to this leakage path.
· 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 + LNA-LNA port isolation should be enough to meet this design goal. Again, if required, additional SPST can be inserted on the D2D DRx path for further isolation to this leakage path
· 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. While relaxations for minimum requirements are under discussion in RAN4, the increased IL is not fundamentally restrictive.
	
[image: image1.emf]Primary 

Antenna

Diversity

Antenna

Antenna 

Switch Module

UL

DL

PA

LNA

LNA

Tx

D2D PRx

WAN PRx

Antenna 

Switch Module

UL

DL

LNA

LNA

D2D DRx

WAN DRx


Figure 1: Plausible RF architecture to simultaneous receive on the associated UL and DL of an FDD carrier.
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Figure 2: Implementation considerations for the RF architecture in Figure 1,


Other implementations are also possible that present different tradeoff w.r.t. implementation complexity, performance, and cost (e.g., duplicating the band-duplexer for the purpose of simultaneous D2D Rx (on UL) and WAN Rx (on DL), while the WAN/D2D Tx and WAN-only operation uses existing path).

Observation 1: Simultaneous reception on associated UL and DL spectrum of a FDD band is feasible.
2.2. Implications

As mentioned in the LS [1], RAN1 assumes that for a 2DL-CA UE (with two receiver down-converter chains) simultaneous operation of CA and D2D is not required for Rel-12 D2D communications. The second receiver chain (down-converter) can then potentially be reused (Rx LO tuned from SCC DL to PCC UL) to simultaneous receive on UL and DL of PCC. Re-tuning time from SCC DL to PCC UL can be assumed to be within 1 subframe, that’s consistent with the typical RAN4 assumption (e.g., HD-FDD MTC UEs [R4-141235], PCC interruption for SCell addition/release for inter-band CA requirement [TS36.133]).
Observation 2: For 2DL CA capable UEs, second receiver down-converter chain can potentially be reused (Rx LO tuned from SCC DL to PCC UL) to simultaneous receive on UL and DL of PCC. Re-tuning time from SCC DL to PCC UL can be assumed to be within 1 subframe.
3. Rx switching between associated UL and DL spectrum

For D2D Discovery, RAN1 assumes that the UE may not be able to simultaneous receive on UL and DL spectrum of an FDD band, and will switch the receiver chain between receiving on UL (D2D) and DL (WAN).  
3.1. Feasibility

Figure 3 shows a plausible RF front-end implementation to switch reception between the associate UL and DL spectrum of an FDD carrier. The implementation shown herein requires minimal changes to the existing WAN Tx and Rx paths.

Further, as depicted in Figure 4, some of the implementation considerations for the RF architecture in Figure 3 are as follows:

· Additional leakage paths

· WAN Tx to WAN PRx: This is similar to the case of simultaneous reception on UL and DL of an FDD carrier. 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

· Similar to the case of simultaneous reception on UL and DL of an FDD carrier.
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Figure 3: Plausible RF architecture to switch reception between associated UL (for D2D) and DL (for WAN) of an FDD carrier.
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Figure 4: Implementation considerations for the RF architecture in Figure 3.


Of course, other feasible implementations are also possible. Naively, the RF architecture for simultaneous receive on the UL and DL of an FDD carrier (e.g. RF architecture in Figure 1) can be used feasibly by limiting it usage to switching between UL or DL reception.
Observation 3: Switching reception between associated UL and DL spectrum of a FDD band is feasible.
3.2. Implications

Switching between reception on DL and UL spectrum will entail switching the Rx LO on the receiver chain (down-converter chain) between DL (for WAN Rx) to UL (for D2D Rx) frequencies. Re-tuning time between UL and DL reception can be assumed to be within 1 subframe, that’s consistent with the typical RAN4 assumption (e.g., HD-FDD MTC UEs [R4-141235], PCC interruption for SCell addition/release for inter-band CA requirement [TS36.133]).
Observation 4: When switching reception between associated UL and DL spectrum of a FDD band, re-tuning time between UL and DL reception can be assumed to be within 1 subframe.
4. Conclusions

The following observations are in made in this paper on the actions requested by RAN1 in the LS on D2D multicarrier capabilities R4-144014 [1]:
Simultaneous reception on associated UL and DL on an FDD carrier
Observation 1: Simultaneous reception on associated UL and DL spectrum of a FDD band is feasible.
Observation 2: For 2DL CA capable UEs, second receiver down-converter chain can potentially be reused (Rx LO tuned from SCC DL to PCC UL) to simultaneous receive on UL and DL of PCC. Re-tuning time from SCC DL to PCC UL can be assumed to be within 1 subframe.

Switching reception between associated UL and DL of an FDD carrier

Observation 3: Switching reception between associated UL and DL spectrum of a FDD band is feasible.
Observation 4: When switching reception between associated UL and DL spectrum of a FDD band, re-tuning time between UL and DL reception can be assumed to be within 1 subframe.
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