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1 Introduction
In RAN1#77, it has been agreed as a working assumption that UE is able to receive simultaneously on the DL and UL spectrum in a FDD band supporting D2D for communication but, may not be able to do that for discovery [1]. Based on that, RAN1 sent LS to the other working groups (RAN2, RAN4 and SA2) to confirm on whether those assumptions are feasible in their perspective or not. Currently, according to the reply from RAN4, it can be confirmed that RAN1's current working assumption is feasible, and RAN4 has been studying the existing cellular RRM measurement aspect [2]. 
	LS reply from RAN4 [2]:

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

[RAN4 answer] 

· Feasibility: Simultaneous reception on associated UL and DL spectrum of a FDD band is possible.

· Implications: 

· RF: It is required that such a D2D capable UE have two receiver down-converter chains. For example, for a 2DL CA capable UEs, the second receiver down-converter chain can potentially be reused (Rx LO tuned from SCC DL to PCC UL) to simultaneous receive on the UL and DL of PCC. Re-tuning time from SCC DL to PCC UL can be assumed to be within 1 subframe.

· RF: Receiver capability with respect to DL MIMO and CA support maybe reduced to support simultaneous reception on associated UL (D2D) and DL spectrum. 

· RRM: Initial observations on D2D impact on cellular RRM performance is that in some cases, configuring/de-configuring the available receiver for D2D may result in an interruption to cellular DL and cellular UL during the receiver configuration/de-configuration procedure.

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

[RAN4 answer] 

· Feasibility: Switching reception between associated UL and DL spectrum of a FDD band is possible.

· Implication: 

· RF: 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 in each direction (i.e., switching reception between D2D-to-WAN or WAN-to-D2D).

· RRM: RAN4 is studying options to ensure the existing cellular RRM requirements can be met.


In this contribution, based on a LS reply from RAN4 and working assumptions in RAN1, we would like to discuss the behaviors of D2D UEs for multiplexing cellular (WAN) and D2D in FDD carriers.
2 Multiplexing cellular and D2D in FDD carriers
For D2D UEs that perform D2D in FDD carriers, the following four cases for simultaneous D2D and WAN operations shown in Table 1 shall be considered. Among four cases, the Case 2 and 3 may be able to be treated by the working assumptions and agreements made by last RAN1 meetings that for example in the event of a time domain conflict between uplink WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized [3]

 REF _Ref395197041 \r \h 
[4]. And since the Case 4 is similar with current spectrum usage for uplink and downlink in LTE FDD system, it seems there is no issue for the D2D (Tx) and WAN (Rx) operations. 
Table 1: D2D and WAN operations in FDD carrier

	
	DL spectrum
	UL spectrum

	Case 1
	WAN Rx
	D2D Rx

	Case 2
	-
	WAN Tx/D2D Rx

	Case 3
	-
	WAN Tx/D2D Tx

	Case 4
	WAN Rx
	D2D Tx


Meanwhile, in Case 1, at least for the discovery UEs that may not be able to receive simultaneously WAN and D2D signals on the DL and UL spectrum in FDD carriers, further considerations for WAN and D2D signals/channel receptions shall be discussed in RAN1.
Case 1. WAN RX(DL spectrum) and D2D RX(UL spectrum) in FDD carriers:
In Case 1 for the UE with single receiver chain only, some rules need to be defined. For that, we see that TDM approach is only a solution based on RAN1 agreements, and how to make such a TDM need to be discussed. In details, there can be several approaches for the TDM-based ways as followings:
· Alt 1. It is not expected for D2D UEs to detect DL signals/channels (e.g. (E)PDCCH) in any D2D subframes that can carry the D2D discovery signals.
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Figure 1: Example of Alt 1 in Case 1
Alt 1 is a simplest approach to solve the issue. In this case, D2D UEs with a single receiver chain shall monitor all the D2D subframes configured for the discovery Rx resource pool, because they do not have the exact information of which D2D discovery subframes D2D Tx UEs are used within a D2D discovery  resource pool. Thus, the reception of WAN DL signals will be further conflicted with the possibility of multiple resource pools (e.g. for serving cell, neighboring cell and inter-PLMN) for D2D discovery in a cell. 
· Alt 2. It is allowed to monitor some of WAN DL signals/channels (e.g. (E)PDCCH) including at least one in below in D2D subframes :
· Common control information (e.g. SI/Paging/RACH/TPC/MBMS)
· PBCH/PSS/SSS

· Measurement gaps
· Non-DRX 

· MBMS (if D2D discovery is supported to simultaneously perform with MBMS)
Otherwise, the D2D discovery is monitored within D2D discovery subframes.
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Figure 2: Example of Alt 2 in Case 1
As an alternative approach, Alt 2 would provide more reliable radio link maintenance to WAN, and can effectively support the other LTE services (e.g. MBMS) over Alt 1. Since it allows receiving additional WAN DL signals/channels on some of the subframes overlapped D2D discovery Rx resource pool, the D2D UEs can do perform effectively WAN operations together with D2D discovery. And thus, it would provide additional freedom in terms of WAN and D2D resource coordination when the eNB supporting D2D discovery configures the D2D discovery resources with consideration of WAN operation. However, depending on such subframe configurations (e.g. SI, paging, RACH and so on) for WAN, the D2D UEs may loss the D2D discovery signals transmitted by D2D Tx UEs, that cause the additional delay of D2D discovery reception.
· Alt 3. It is expected to detect the D2D discovery signal only in D2D discovery monitoring subframes configured by eNB. Otherwise, DL signals (e.g. (E)PDCCH) are monitored within D2D discovery subframes.
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Figure 3: Example of Alt 3 method for Case 1
The main difference from Alt 3 over Alt 1/2 is that D2D discovery UEs can be configured to only monitor some D2D subframes that could be resource pool(s) among multiple resource pools configured in a cell as seen in Figure 3. This configuration is beneficial especially for the eNB to distinguish different applications of the D2D discovery such as public safety and commercial by only allowing the specific group of D2D discovery UEs to monitor the interesting application of discovery (e.g. public safety). Accordingly, with this configuration in UE-specific manner, D2D Rx UEs can avoid unnecessary D2D discovery reception, and eNB can enable additional applicable scenarios in a cell. 
Furthermore, it would cause less impacts of DL reception for WAN with this configuration to allow the D2D discovery UEs to monitor certain D2D discovery resource pool among all of D2D discovery resource pools if configured in a cell.
In addition to above discussion, the time gap is needed to switch between WAN DL and D2D UL spectrum for the D2D discovery UEs that have a single receiver chain based on RAN4’s confirmation by LS reply. Accordingly, at least for the D2D discovery UEs that may not simultaneously receive both WAN and D2D in a subframe, it can be also considered that how the D2D UEs with single receiver chain would be operated during switching in RAN1.
Proposal 1. It is proposed to discuss the TDM approaches (e.g. Alt 1/2/3) for the D2D discovery UEs that may not simultaneously receive both WAN and D2D in a subframe, and to confirm how the time gap is handled for the switching between DL and UL spectrum for the reception.
Case 2/3. WAN Tx(UL spectrum) and D2D Rx/Tx(UL spectrum) in FDD carriers:
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Figure 4. Example of the D2D UE behaviour in Case 2(D2D Rx and WAN Tx in a subframe)
Regarding Case 2/3, RAN1 now has a working assumption and agreement from RAN1#76 and 76bis, respectively as seen followings: 
RAN1#76
Working Assumption for both communication and discovery :

From the perspective of a single UE:

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized
RAN1#76bis

Agreements:

· At least for D2D capable UEs with Type 1 discovery case (if enabled),

· UEs shall prioritize PRACH over participation in discovery. Furthermore UEs should not transmit D2D Type 1 discovery signal on resources reserved for PRACH.
In results, the D2D UEs always perform UL WAN transmission (at least PRACH) in D2D subframes so D2D signals cannot be received and transmitted if conflicted. To reduce the potential performance degradation of D2D signals when conflicted, further handling in Case 2 and 3 can be considered that at least some of the WAN UL transmissions are de-prioritized over the reception/transmission of the D2D signals, such as periodic SRS or CSI reporting. So, such WAN UL signals (e.g. periodic SRS or CSI) would not be transmitted but instead, the D2D signals can be received or transmitted ,and accordingly it may allow the D2D UEs to perform well balanced simultaneous D2D and WAN operations in a cell.
Proposal 2. It is suggested that RAN1 discusses on what kinds of WAN UL signals/channels transmission could be de-prioritized over the D2D Tx/Rx subject to no significant impact to WAN.
In addition, the timing of DL HARQ-ACK transmission in UL spectrum on FDD carriers could be discussed for further optimization. 
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Figure 5. DL HARQ-ACK transmission with consideration of D2D discovery resources
There could be many conflicted subframes between D2D Tx/Rx and WAN DL HARQ-ACK transmissions on UL spectrum in FDD carriers if no DL scheduling restriction. In this case, DL scheduling restriction shall be required to avoid such a confliction in D2D subframes. However, the consideration of such a scheduling restriction can be avoided with a network signaling for DL HARQ timing. An alternative is to reuse new DL HARQ timing introduced for SCells (FDD) with PCell (TDD) in self-scheduling in TDD-FDD CA Rel-12 (shown in Table 10.1.3A-1 in [5]). The new DL HARQ timing can support the HARQ-ACK transmissions for DL scheduling in the all subframes and therefore, it can be used without further specification efforts to avoid potential conflictions with D2D signals. It is also possible to use a DL-reference UL-DL configuration similar with eIMTA and CA in TDD. Accordingly, with an additional signaling for DL HARQ timing, WAN DL performance and D2D performance can be well guaranteed. 
Proposal 3. It is preferred that DL reference UL-DL configuration is used for WAN DL HARQ timing for proper simultaneous WAN and D2D operation.
3 Conclusions

In this contribution, we provide our proposals about simultaneous WAN and D2D operation for Rel-12 D2D. Finally, the following is proposed:
Proposal 1. It is proposed to discuss the TDM approaches (e.g. Alt 1/2/3) for the D2D discovery UEs that may not simultaneously receive both WAN and D2D in a subframe, and to confirm how the time gap is handled for the switching between DL and UL spectrum for the reception.
Proposal 2. It is suggested that RAN1 discusses on what kinds of WAN UL signals/channels transmission could be de-prioritized over the D2D Tx/Rx subject to no significant impact to WAN.
Proposal 3. It is preferred that DL reference UL-DL configuration is used for WAN DL HARQ timing for proper simultaneous WAN and D2D operation.
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