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1 Introduction
The rationales and requirements for public safety D2D multicarrier operations were introduced in R1-142078 [2], R1-143260 [3], R2-143325 [4] and U.S. FCC white paper [1]. For release 12, the multicarrier D2D scenario that was considered as a priority in the case where a Public Safety UE is attaching to a commercial E-UTRA network, which is in contract and has been upgraded to release 12, and performs Mode-2 D2D communication in a designated public safety carrier. 
In order to support multi-carrier operations, RAN1 has reached the following agreements on multi-carrier capabilities for D2D, which have been confirmed by SA2 and RAN4:

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

2. For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D”
Additionally RAN2 has reached the following agreements on inter-frequency/PLMN operations for ProSe communications:
1. “A UE that is camped (due to cell reselection priorities) or connected on one carrier but interested in ProSe operation on another carrier shall attempt to find cells on the ProSe carrier and thereby determine whether it is “in-coverage” (i.e., detect case A and B in Figure 1 of R2-143572).

2. A CONNECTED UE sends a ProSe indication to its serving cell when it wants perform ProSe communication. The indication contains the intended ProSe frequency.

3. The serving cell may configure an inter-frequency RRM measurement on the ProSe carrier and based on the measurement report trigger inter-frequency mobility to that ProSe carrier once the UE enters coverage on a cell on the ProSe carrier. 

4. An IDLE UE may reselect to the ProSe carrier once it detects a suitable cell there. 

5. If the UE detects a cell on the ProSe carrier (bullet 1) the UE shall no longer use the ProSe resources indicated in UICC for that frequency (if the RAN does not provide the UE with ProSe resources in SIB or dedicated signalling, the UE stops ProSe operation in order not to harm the existing network). 

6. For Rel-12 we assume that all ProSe communication (for a UE) is performed on a single carrier which is known by pre-configuration to UEs.”  

RAN1 and RAN2 agreements provide baseline solutions for inter-frequency D2D operations that support an UE with simultaneous receiving capabilities being able to perform cellular and D2D communications at the same time on different carriers. This contribution discusses the remaining main issues, i.e. a UE with/without the capabilities of simultaneous transmitting on two UL spectrums and inter-PLMN D2D communications. It also proposes a clear position from the U.S. public safety perspective on those remaining issues for release 12. Our intention is to reduce the complexity of the candidate designs by limiting the scope of the problem domain such that required specifications could be completed in time for release 12.
2 Discussion 

The following discussions focus on the case, where a Public Safety network A provides D2D communication while cellular communication is provided by a commercial network B. In this case there are two scenarios that need to be investigated. One scenario is that a UE is under coverage of B but not of A, and the other scenario is that a UE is under simultaneous coverage of B and of A. In both scenarios network B provide cellular services and at the same time the UE perform D2D communication on the Public Safety carrier of A.

2.1 UE transmits simultaneously on the UL spectrums
RAN1 agreed that there would be a dedicated Rx chain for D2D communication but has not agreed on the expectations for Tx chains. There are three options that could be considered:
1. An UE has two Tx chains, i.e. one is for WAN and the other is for D2D, which can be considered as two UL CA.
2. An UE has only one Tx chain and it is switched between WAN and D2D. Because a Tx chain cannot transmit UL of WAN and D2D in different bands at the same time, the switching could creates glitches where several DL/UL subframes in both WAN and D2D could be lost.
3. An UE has only one Tx chain and it is not switched between WAN and D2D. When D2D communication starts (to be performed on the spectrum of A), WAN connections on the spectrum of B are released and the UE goes RRC_IDLE in network B while performing the D2D communication on the spectrum of A (Out-Of-Channel (OOC)).
Option 3 is the simplest approach, whereas Option 2 is the most complex approach that requires analyzing each possible glitch of “lost DL/UL subframe” and synthesizing a remedy if needed. However, the main drawback of Option 3 is that an UE needs to be in RRC_IDLE during D2D communication and hence is only capable of receiving DL broadcasts including eMBMS. The D2D communication needs to be stopped before the UE goes to RRC_CONNECT for transmitting/receiving unicast WAN UL/DL traffic. Therefore, Option 3 means WAN communication is disrupted when an UE is performing D2D communication.
Option 1 can be viewed as reusing existing UL CA framework from RAN4 (with D2D on one carrier and UL on another), but reusing single carrier specifications in RAN1 for the UL and D2D carriers (essentially D2D is independent of WAN from RAN1 perspective). The power control of legacy UL CA is closed-loop where UL Transmit Power Control (TPC) commands are transported to the UE via the Downlink Control Information (DCI) IE. Since OOC D2D communication is Mode2 only, it could follow the agreed open-loop power control for co-channel D2D, so there should be no RAN1 impact in general. Nevertheless, RAN4 needs to look into issues related to power headroom as power is used for two concurrent transmissions and current MPR/AMPR might not be enough. Unlike legacy UL CA, inter-frequency D2D is asynchronous transmission whereby WAN transmission is following WAN synchronization source, whereas OOC D2D might be following another synchronization source. Thus, inter-mod issue also needs to be verified by RAN4 because asynchronous transmissions by two transmitters might generate potential inter-mod components in some frequencies. However, it is evident that these issues of MPR/AMPR and potential inter-mod in some bands, if verified by RAN4, could be resolved in the exiting framework. For example, if there is a limitation on power imbalance between WAN UL and D2D carriers (after being studied and reported by RAN4), then this can be captured in the existing framework by appropriately defining MPR and correspondingly accounting it in PHR. Hence, there should be no need to synthesize new solutions in RAN1 for Option 1.
From public safety operation perspectives, an UE of Option 3 equipped with DL CA capability only is switched to RRC_IDLE before starting inter-frequency D2D communications, so it cannot transmit/receive data or GCSE group communication via unicast with an eNB, but is able to receive GCSE group communication via eMBMS. Whereas an UE of Option 1 equipped with both DL CA and UL CA capabilities is capable of transmitting/receiving inter-frequency D2D communications and cellular services (data and GCSE group communications) simultaneously.
In order to complete the WI in time for release 12, Option 2 should be postponed to a later release whilst Option 1 & Option 3 should be the baseline for multi-carrier D2D communications. Therefore, for release 12 the following restrictions on multi-carrier D2D communications are proposed:

1) For release 12, a public safety UE with one Tx and two Rx (UE with DL CA capability) shall be in IDLE state when performing inter-frequency D2D. There are two RX chains; but the second RX chain will not be used for DL CA even if there is no D2D ongoing.
2) For release 12, a public safety UE with two Tx and two Rx (UE with DL CA and UL CA capabilities) shall perform inter-frequency D2D and WAN simultaneously. One Rx and One Tx chain will be completely used only for D2D and they will not be used for DL/UL CA even if there is no D2D ongoing.

2.2 Inter-frequency D2D communications and mobility
The current RAN1/RAN2 agreements on inter-frequency/PLMN operations cover the case where a UE performing Mode2 D2D communications in network A while keeping its cellular services in network B, but don't cover the case where an UE is simultaneously attaching to two PLMNs (network A and network B) while performing D2D communications. Even though an UE could be in coverage of both a public safety network A and a commercial network B, for release 12 concurrent cellular services from A and B for the UE are not required (nor desired [2][3][4]) while the UE is performing D2D communications on the spectrum of A. An UE of Option 3 above, equipped with 2 Tx/Rx chains, would either have cellular services in network B and perform Mode2 D2D communications in network A, or perform inter-frequency mobility to have both cellular services and D2D communications in network A.

Furthermore, when network A and network B overlap, an UE of B moves from out-of-coverage of A to in-coverage of A while performing inter-frequency Mode2 D2D communication on the spectrum of A, the UE is “in-coverage” of B, i.e. RRC_CONNECT or RRC_IDLE in network B, but is neither RRC_CONNECT nor RRC_IDLE in network A. Even though the UE is in the cell coverage of A, it is not in a state of “in-coverage” based on the “in-coverage” definition by RAN2 agreements. Thus, RAN2 needs to expand the agreements for Mode2 to cover this case and ensure there is no interruption to D2D communications during mobility. It is noteworthy that this inter-frequency mobility case is similar to the intra-frequency mobility case, studied by the email discussion [87#30][LTE/ProSe] Exceptional cases and exit conditions, where an UE moves from out-of-coverage to the cell coverage of an eNB but has not attached to the eNB to be in the state of “in-coverage”, i.e. RRC_CONNECTED or RRC_IDLE.
It is noted that in previous meeting RAN2 reached the following agreement. 
“If the UE detects a cell on the ProSe carrier (bullet 1) the UE shall no longer use the ProSe resources indicated in UICC for that frequency (if the RAN does not provide the UE with ProSe resources in SIB or dedicated signalling, the UE stops ProSe operation in order not to harm the existing network).”

That is, when a cell of A is detected the UE stops using the Mode2 resources indicated in UICC for that frequency, or stop Mode2 communications completely in order not to harm the existing network if network A does not provide the UE with Mode2 resources in SIB or dedicated signalling. However, this agreement fails to specify whether the UE could continue its D2D communications with the Mode2 resources in SIB, if available. Existing agreements for Mode2 are not applicable because the UE is not “in-coverage” of A, i.e. neither RRC_CONNECT nor RRC_IDLE in A. In order to ensure the continuity of D2D communications during inter-frequency mobility RAN2 needs to agree that the UE shall use the D2D resources provided in SIB of A, if available, for D2D communications.
From public safety operations perspectives the following are observed.

1) For release 12 it is not required that an UE is simultaneously attaching to two PLMNs (network A and network B) while performing D2D communications.

2) The inter-frequency mobility (cell-selection/PLMN-selection) should be included in Mode2 operation procedures to ensure there is no interruption to D2D communication due to inter-frequency mobility during multi-carrier D2D operations.
3) For the inter-PLMN case where network A and network B overlap, a public safety operator might choose to further eliminate the operational complexity for those UEs with only one Tx chain (Option 3) by restricting D2D communications on network A only when A and B overlap. That is, if a public safety UE of Option 3, performing D2D operations while attaching in network B, could be required by operator’s policy to perform inter-frequency mobility (inter-cell/inter-PLMN selection) to handover to A when in the coverage of both networks A and B. In this case, from a UE of Option 3 perspective the network B provides both WAN (in commercial band B) and D2D operations (in public safety band A) when there is no network A in an area, whereas it only provides WAN (in commercial band B) for the UE of Option 3 when both networks overlap. It is noteworthy that for those UEs with two Tx chains (Option 1) network B provides concurrent cellular and D2D services regardless A and B overlapping or not.
3 Proposals
In order to ensure deploying needed D2D multicarrier features for public safety within release 12 timeframe the following are proposed:
Proposal 1: RAN1 agrees, “Option1 and Option 3 are working assumptions for release 12 (pending RAN4 confirmation), whereas Option 2 is considered as an optimization and postponed to future releases. RAN1 should also inform RAN2 and RAN4 on these decisions”.
Proposal 2: RAN2 agrees, “if the UE detects a cell on the ProSe carrier (bullet 1) the UE shall no longer use the ProSe resources indicated in UICC for that frequency (if the RAN does not provide the UE with ProSe resources in SIB or dedicated signalling, the UE stops ProSe operation in order not to harm the existing network), and shall use the ProSe resources in SIB of the cell, if provided”.
Proposal 3: For release 12 it is not required that an UE is simultaneously attaching to two PLMNs (network A and network B) while performing D2D communications.
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