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1.
Introduction

In Rel-12 the transmission of sidelink direct discovery is limited to the intra-PLMN case and can be performed only in one of the configured serving cells, i.e. the PCell. As part of the 3GPP Release 13 Work Item for enhanced direct discovery support for ProSe as defined in [1], initial observations and proposals on D2D scenarios for multiple carriers and WAN were provided at RAN4#76 [2], including support of D2D discovery in SCells as well as inter-PLMN support of discovery. This contribution further discusses these scenarios and the impacts on the D2D UE transmit and receive architectures is also discussed.
2.
Multicarrier Deployment of D2D 
The Release 13 D2D Work Item on “Enhanced LTE Device-to-Device Proximity Services” [1] covers enhancements to LTE device-to-device (D2D) communications and D2D discovery meeting requirements for public safety including scenarios for 
· in network coverage (intra-cell and inter-cell), 

· partial network coverage, and 

· outside network coverage scenarios 

Rel-12 supports direct discovery for intra-PLMN scenarios. For example, the UE can transmit messages on its serving cell (if in RRC_IDLE) or on the PCell (if in RRC_CONNECTED) and in addition monitor carriers provided by the eNB. In this context SIB19 contains a list of carrier frequencies and associated PLMNs and if the UE is authorized for discovery on certain PLMNs it can thereby decide which frequencies to monitor. However, no coordination among PLMNs is assumed, which results in reception being achieved as a best effort service.
As noted in [2], in Rel-12, RAN2 assumed that D2D discovery transmission may only be performed on the Pcell for a UE in RRC_CONNECTED and as such in Release 12, RAN4 only developed requirements for the Pcell. The main implication of the Rel-13 D2D multicarrier enhancements is that a UE is able to be configured for D2D transmission on a carrier different than the Pcell. Specifically in Release 13, discovery can be supported in non-PCell carriers, including out-of-coverage carriers (OOC), and inter-PLMN carriers. 
Relevant scenarios for multiple carriers supported D2D and WAN functionality were initially discussed at RAN4#76 [2], [3] and the following proposals were agreed to:
Proposal 1: RAN4 to consider UE RF requirements for eD2D to support concurrent D2D with WAN CA (a.k.a. ‘multi-carrier D2D’)

· D2D is at most of one component carrier (PCC or SCC or non-serving carrier)

· UE can be configured with PCC and/or SCC(s)

Proposal 5: RAN4 should attempt to leverage the existing CA framework and requirements (as much as possible) for defining the requirements for eD2D. 
In the context of the above agreed to proposals, scenarios that could be supported in Release 13 include:
· Cellular wireless access network (WAN) support on the PCell with D2D on an in-coverage Scell synchronized with the Pcell (i.e. Release 10 type carrier aggregation)
· WAN on the Pcell with D2D on an in-coverage Scell. In this scenario the Scell is not synchronized with the Pcell (for example when dual connectivity is supported).
· WAN on the Pcell with  D2D on another in-coverage PLMN carrier for D2D. 
· WAN on the Pcell with D2D on an out-of-coverage carrier. This results in no D2D downlink to synchronize to.
· D2D in out-of-coverage only
Furthermore RAN2 has agreed on possible support of gaps as detailed below [4]:
· Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode Ues
· eNodeB controls the gap configuration on a per UE basis 
· The gap created for discovery should take into account additional overhead (for synchronization and subframe offset) and interruption time for retuning.  The actual overhead and interruption time depends on RAN4 discussion.
· The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception.  FFS on what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit).  FFS when the request is triggered.
Based on the above RAN2 agreements it is possible for the D2D serving eNB to configure gaps for both intra-PLMN and inter-PLMN scenarios.

Observation #1

· It is possible for the D2D serving eNB to configure gaps for both intra-PLMN and inter-PLMN scenarios. 

The following sections discuss in more detail the potential impacts on the D2D UE RF design of both intra and inter-PLMN scenarios initially discussed in [2].

2.1 Intra-PLMN scenarios

2.1.1 Scenario 1
In this scenario assume that UE1 and UE2 are served by Pcells on frequencies F1 and F2 respectively, both on the same PLMN. In addition assume that frequency F2 is configured with resources for direct discovery and that the UEs simultaneously support transmission on their respective serving Pcell and the serving cell supporting discovery (i.e. the serving cell on F2). This use case is illustrated in Figure 1 below in which the black lines represent WAN communications and the red arrows D2D discovery communication.
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Figure 1: Intra-PLMN support for discovery.
If simultaneous transmission is not supported then coordination among the different Pcells will be necessary or a best effort performance for discovery will have to be accepted. In this type of scenario, for FDD communication, UE1 will be required to receive on the WAN DL of F1 and possibly F2 for as well as the D2D reception on the UL channel of F2. Similarly UE 2 will need to receive on both the WAN DL of F2 and the UL band for D2D communications. Without coordination, 2 receive chains will be required to support reception of intra PLMN discovery to ensure there is no degradation in performance due to collisions between the D2D and WAN transmissions. Note that with the inclusion of reception gaps between the WAN DL and D2D reception as defined in [4] it may be possible to employ a single receiver with coordinated transmissions between the WAN DL and D2D, and the single receiver switching between the two frequencies in a half-duplex manner. 
Observation #2
· Intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE requires that the UE be comprised of two receive chains or use of coordinated reception gaps with a single receive chain. 

From a transmit perspective all UE’s need to support UL transmission on their respective Pcell as well as transmission on the UL of the Scell supporting discovery. Given that the communication is intra-PLMN, if the D2D discovery and WAN transmissions are coordinated with respect to time, a single transmit chain may be sufficient if the coordination is employed to ensure that the WAN and discovery transmissions do not collide. Note that coordinated with respect to time implies that the serving PCells not only exchange scheduling information, but are synchronized with respect to each other. Furthermore if the coordination is intra-eNB, the implementation should be relatively straightforward. However, if the coordination needs to be inter-eNB in the case of type 1 discovery, the UE will need to report the resources selected for discovery and synchronization offset to the PCell eNB that in turn may acknowledge the gap or not. In case of type 2B discovery, the primary eNB can preschedule resources in the serving eNB. Furthermore, sufficient timing gaps will need to be provided to ensure sufficient retuning time between the different Pcell and Scell carriers as well as for any measurement gaps. If simultaneous transmission of the discovery and WAN signal is required, then 2 transmitters will be needed.
Observation #3
· Uncoordinated intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, requires that the UE be comprised of two transmit chains. 

Observation #4
· Intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, with use of coordinated gaps can be achieved with a single transmit chain. 
2.2 Inter-PLMN scenarios

For all the inter-PLMN scenarios it is assumed that functionality such as authorization to transmit in another PLMN is handled by higher layers in the network. “Coordinated” in the inter-PLMN context implies that there is some coordination between the two PLMNs. It should be noted however that in 3GPP RAN2 it was stated that coordination between PLMNs is not likely [5].
2.2.1 Uncoordinated PLMN scenarios

In this scenario it is assumed that the Pcell of the serving PLMN does not support discovery, but that discovery is supported on an Scell served by a different PLMN. For example as illustrated in Figure 2, UE1 is served on frequency F1 by a Pcell on PLMN1 which does not support discovery, whereas discovery is supported by PLMN2 on frequency F2. It is also assumed that PLMN2 is configured with resources for direct discovery. 
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Figure 2: Inter PLMN support for direct discovery
Assuming that UE1 supports simultaneous transmission and reception on the Pcell and Scell (supporting discovery), for an uncoordinated FDD scenario, UE1 will need to support cellular WAN transmission on the UL band of F1 and cellular WAN reception on the DL band of F1. For discovery UE1 will need to support both transmission and reception on the FDD UL band of F2. In addition UE1 may also require support of DL signals on F2 in order to receive measurements and synchronization information for PLMN2. Thus UE1 may need to be comprised of both 2 transmit chains and 2 receive chains, or possibly 3 receive chains.
Observation #5
· Uncoordinated inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, requires that the UE be comprised of two transmit chains and two receive chains.
2.2.2 Coordinated PLMN scenarios

Assume the same scenario as described in section 2.2.1 above and illustrated in Figure 2, and in addition assume that the transmissions on the Pcell on F1 and the Scell (supporting discovery) on F2 can be coordinated in some manner – i.e. the eNB can coordinate Uu transmissions to the discovery resource pool and/or reduce collisions between the discovery and Uu transmissions by use of reception gaps.  In such a scenario it may be possible to employ a single transmitter and single receiver in UE1 that can be retuned between F1 and F2. In addition UE1 may also require support of DL signals on F2 in order to receive measurements and synchronization information for PLMN2. Sufficient timing gaps will need to be provided to ensure sufficient retuning time between the different Pcell and Scell carriers as well as for any measurement gaps.
Observation #6
· With coordinated inter-PLMN support of transmission gaps for simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, it may be possible that a UE be comprised of a single transmit or single receive chain that can be retuned between the frequencies of the Pcell and the discovery Scell. 
As initially shown in [2], Tables 1 and 2 below summarize the intra and inter PLMN cases for uncoordinated and coordinated communication between the WAN cellular Pcell and Scell supporting D2D discovery, respectively.
Table 1: Potential Uncoordinated Cellular-D2D PLMN combinations
	PLMN options
	Cellular-D2D CA options
	F1
	F1
	F2
	F2
	D2D UE Transmitter architecture
	D2D UE Receive architecture

	
	
	Uplink
Cellular UL
	Downlink
Cellular DL
	Uplink

D2D discovery
	Downlink

WAN DL
	
	

	
	Out of coverage
	N/A
	N/A
	 D2D transmit or receive
	N/A
(dedicated D2D carrier)
	Single tx chain for D2D
	Single rx chain for D2D

	Intra-PLMN

(Release 12)
	Single Carrier WAN-D2D
	WAN UL or D2D transmit and receive
	WAN cellular DL
	N/A
(CC2 is not configured)
	Single tx chain for WAN and D2D
	2 RX chains, one dedicated to WAN DL and one to D2D reception on the UL

	Intra PLMN
	Dedicated Carriers for  Cellular and D2D Discovery
	WAN cellular UL
	WAN cellular DL
	 D2D transmit or receive
	N/A for WAN but DL may be required for D2D SCell synch

	A 2 transmitter UE implementation is required to support simultaneous  WAN UL and D2D Tx
	2 Rx CA is required to support simultaneous  WAN UL and D2D receive

	Inter PLMN
	
	WAN cellular UL 
	WAN cellular DL
	D2D transmit or receive
	N/A for WAN but DL may be required for D2D SCell synch
	A 2 transmitter UE implementation is required to support simultaneous  WAN UL and D2D Tx
	2 Rx CA is required to support simultaneous  WAN DL and D2D receive

	Intra PLMN


	2 CA solution with WAN on both carriers and D2D on one 
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or D2D transmit or receive
	WAN cellular DL 
	A 2 transmitter UE implementation is required to support simultaneous  WAN UL and D2D Tx
	3 Rx CA is required to support simultaneous  WAN DL (F1 and F2) and D2D UL Rx on F2;



	Inter PLMN
	
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or D2D transmit or receive
	WAN cellular DL 
	A 2 transmitter UE implementation is required to support simultaneous  WAN UL and D2D Tx
	3 Rx CA is required to support simultaneous  WAN DL (F1 and F2) and D2D UL Rx on F2;




Table 2: Potential Coordinated Cellular-D2D PLMN combinations
	PLMN options
	Cellular-D2D CA options
	F1
	F1
	F2
	F2
	D2D UE Transmitter architecture
	D2D UE Receive architecture

	
	
	Uplink
Cellular UL
	Downlink
Cellular DL
	Uplink

D2D discovery
	Downlink

WAN DL
	
	

	Intra-PLMN

(Release 12)
	Single Carrier WAN-D2D
	WAN UL or D2D transmit and receive
	WAN cellular DL
	N/A
(CC2 is not configured)
	Single tx chain for WAN and D2D
	1 Rx UE is possible with switching between the F1 DL and F2 UL for D2D

	Intra PLMN
	Dedicated Carriers for  Cellular and D2D Discovery
	WAN cellular UL
	WAN cellular DL
	 D2D transmit or receive
	N/A for WAN but DL may be required for D2D SCell synch
	A 1 transmitter UE implementation is possible with HD switching between the F1 UL and F2 UL
	1 Rx UE is possible with switching between the F1 DL and F2 UL for D2D

	Inter PLMN
	
	WAN cellular UL 
	WAN cellular DL
	D2D transmit or receive
	N/A for WAN but DL may be required for D2D SCell synch
	A 1 transmitter UE implementation is possible with HD switching between the F1 UL and F2 UL
	1 Rx UE is possible with switching between the F1 DL and F2 UL for D2D

	Intra PLMN


	2 CA solution with WAN on both carriers and D2D on one 
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or D2D transmit or receive
	WAN cellular DL 
	A 2 transmitter UE implementation is required to support simultaneous  WAN UL on F1 and F2 and D2D Tx
	2 Rx CA is required to support simultaneous  WAN DL (F1 and F2) and switching for D2D UL Rx on F2.


	Inter PLMN
	
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or D2D transmit or receive
	WAN cellular DL 
	A 2 transmitter UE implementation is required to support simultaneous  WAN UL on F1 and F2 and D2D Tx
	2 Rx CA is required to support simultaneous  WAN DL (F1 and F2) and switching for D2D UL Rx on F2.



Based on the discussion in section 2 above and the summary of the multiple carrier and multiple PLMN use cases in Tables 1 and 2 it is proposed that for uncoordinated inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, separate transmit chains be provided in the UE for the WAN UL and D2D UL and separate receive chains be provided in the UE for each WAN DL and for D2D reception. However if coordinated transmission gaps are provided, a single receive chain and single transmit chain can support a scenario with WAN on one carrier and discovery on a second carrier, for both intra and inter PLMN cases.
Proposal #1
· For uncoordinated intra or inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, separate transmit chains need to be provided in the UE for the WAN UL and D2D UL and separate receive chains need to be provided in the UE for each WAN DL and for D2D reception.
Proposal #2
· Use of coordinated transmission gaps in scenarios comprising intra or inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell by a given D2D UE, can be supported by the UE with a single transmit chain and single receive chain. 
3
Conclusions
This contribution has reviewed the impacts on UE architecture of multiple carrier and multiple PLMN D2D discovery implementations. The following observations and conclusions should be taken into consideration.
Observation #1

· It is possible for the D2D serving eNB to configure gaps for both intra-PLMN and inter-PLMN scenarios. 
Observation #2
· Intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE requires that the UE be comprised of two receive chains or use of coordinated reception gaps with a single receive chain. 
Observation #3
· Uncoordinated intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, requires that the UE be comprised of two transmit chains. 
Observation #4
· Intra-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, with use of coordinated gaps can be achieved with a single transmit chain. 
Observation #5
· Uncoordinated inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, requires that the UE be comprised of two transmit chains and two receive chains.

Observation #6
· With coordinated inter-PLMN support of transmission gaps for simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, it may be possible that a UE be comprised of a single transmit or single receive chain that can be retuned between the frequencies of the Pcell and the discovery Scell. 
Proposal #1
· For uncoordinated intra or inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell of a given D2D UE, separate transmit chains need to be provided in the UE for the WAN UL and D2D UL and separate receive chains need to be provided in the UE for each WAN DL and for D2D reception.
Proposal #2
· Use of coordinated transmission gaps in scenarios comprising intra or inter-PLMN support of simultaneous WAN communication on a Pcell and of discovery on an SCell by a given D2D UE, can be supported by the UE with a single transmit chain and single receive chain. 
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