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1.
Introduction

At the RAN#63 plenary a new WI was agreed to study D2D co-existence.  One of the objectives of the WI specific to RAN4 is that “The specified solutions should enable device to device discovery and communication on the same or on different LTE carrier(s) than that used for WAN communication by the UE, for both FDD and TDD. [1]. Furthermore, at RAN1#78bis additional agreements were reached concerning multi-carrier operation as defined [3].   Based on this, at the RAN4#73 meeting, discussion of the impact of multi-carrier operation on D2D UE functionality was provided in [2] and a response LS provided to RAN1 in [4]. This contribution further discusses the impact of D2D multi-carrier operation on the implementation of the D2D functionality based on the discussion and agreements in [2], [4].
2.
Multicarrier Deployment of D2D 

Details of possible use cases and scenarios for multi-carrier deployment of D2D were discussed in [2]. The resulting agreements documented in the LS response to RAN1 [4] are listed below for reference:
· D2D-WAN UE operation on multiple component carrier (e.g., on CC1 and CC2):
· D2D Tx and WAN Tx: Possible operation. Simultaneous Tx will require separate transmit chains or the UE may reuse a deactivated RF chain depending on CC1 and CC2. Impact due to power imbalance and timing difference (when D2D uses DL timing) need to be investigated. Depends on CC1 and CC2 band combination (e.g., inter-band vs intra-band).

· D2D Tx and WAN Rx: Possible operation, and depends on CC1 and CC2 band combination.
· D2D Rx and WAN Tx: Not possible operation for CC1 and CC2 belonging to same operating band due to short guard gap. 
Possible operation for CC1 and CC2 belonging to different operating bands, and depends on CC1 and CC2 band combination. 

· D2D Rx and WAN Rx: Possible operation. Separate receiver chain will be required or the UE may reuse a deactivated RF chain depending on CC1 and CC2.

As detailed in [5], there are 3 possible coverage scenarios for D2D communication repeated below for reference and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage (OOC). In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.
Based on the above referenced multi-carrier requirement in [1], possible Public Safety (PS) ProSe implementations of multicarrier D2D includes scenarios in which the PS D2D service can be allocated on a separate carrier from the commercial legacy LTE cellular network, as well as PS ProSe service possibly being allocated on a different PLMN from the cellular network [6], [9].  Figure 2 below illustrates these possible scenarios [6].
[image: image2.emf]Commercial Op.

NSPS Op.

A B C D

DL carrier

UL carrier

DL carrier

UL carrier


Figure 2:  Coverage Scenarios in a Public Safety deployment with two carriers

The four coverage scenarios being considered are:

A.
The UE is in NSPS cell coverage 
B.
The UE is in both NSPS and operator cell coverage

C.
The UE is in operator cell coverage

D.
The UE is out-of-coverage
From a D2D UE implementation perspective there are a number of architectures that support the PS coverage scenarios defined in Figure 2. The two likely most common architectures will involve the support of a single transmit path in the D2D UE, or the use of two separate transmit paths. Furthermore, the receive architecture will need to employ at least two receive paths. Details of the possible architectures were  provided in [2], the summary table from which is provided below as Table 1 for reference.
One of the initial scenarios of interest to public safety operators comprises use a dedicated NSPS carrier for public safety D2D communication in combination with a separate cellular carrier for WAN communication as illustrated in Figure 3 below.
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Figure 3: Simultaneous reception of DL WAN and UL D2D transmissions at a D2D UE for a two carrier implementation.
Similarly, for implementation of two carrier solutions of NSPS (i.e. D2D and cellular functionality), possible D2D architectures include (i) a single transmitter D2D UE; (ii) a dual transmitter/receiver D2D UE for support of cellular on one carrier and D2D on a second carrier; (iii) a dual transmitter/ triple receive D2D UE for support of cellular on one carrier and D2D/cellular on the second carrier. For a single transmitter D2D UE, the transmitter will need to be half-duplex switched between the cellular carrier and D2D carrier transmissions, impacting capacity and the feasibility of scheduling and control between the carriers. As such a single transmitter for 2 carrier D2D is not recommended.
Table 1: Potential Cellular-D2D CA combinations
	Cellular-D2D CA options
	F1
	F1
	F2
	F2
	D2D UE Transmitter architecture
	D2D UE Receive architecture

	
	Uplink
Cellular UL
	Downlink
Cellular DL
	Uplink

NSPS UL
	Downlink

NSPS DL
	
	

	Single Carrier WAN-D2D
	Single receive chain UE
	WAN UL or D2D TX and RX
	WAN DL or no DL if D2D Rx
	N/A
(CC2 is not configured)
	Single tx chain for WAN and D2D
	1 RX chain is shared between WAN DL and D2D RX

	
	Dual receive chain UE 
	WAN UL or D2D transmit and receive
	WAN cellular DL
	
	Single tx chain for WAN and D2D
	2 RX chains, one dedicated to WAN DL and one to D2D reception on the UL

	Dedicated Carriers for  Cellular and D2D
	Single transmitter D2D UE
	HD WAN cellular UL
	WAN cellular DL
	 HD D2D transmit or receive
	N/A
(dedicated D2D carrier)
	Transmission will need to be HD switched between the cellular and D2D carriers. Not a recommended solution
	2 Rx CA is required to support simultaneous  WAN UL and D2D receive

	
	 Dual transmitter D2D UE
	WAN cellular UL 
	WAN cellular DL
	D2D transmit or receive
	N/A
(dedicated D2D carrier)
	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

	2 CA solution with WAN on both carriers and D2D on one 
	WAN on both NSPS and cellular band 
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or D2D transmit or receive
	WAN NSPS 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 UL(NSPS and cellular) and D2D Tx;




Based on the above discussion, the following observations and proposal can be made:

Observation #1

· Support of simultaneous transmission on a D2D carrier and a second WAN carrier will require two transmit chains in the D2D UE. 

Observation #2

· The specification of 2 transmit paths in the D2D transmitter will require band dependent 2 CA analysis for each band combination of D2D and cellular carriers. 
Due to the limited time allocated for the completion of Release 12 it has been agreed that D2D solutions requiring support of 2 transmitters be agreed to as part of future RAN4 work. It is proposed that support of a dedicated D2D carrier in combination with a second separate WAN carrier be part of this analysis.
Proposal #1

· RAN4 analysis of the support of a dedicated D2D carrier in combination with a second separate WAN carrier be part of FFS D2D work, possibly as part of a new WID.
3
Conclusions
The following observations should be taken into consideration with respect to selection of band classes employed to evaluate D2D functionality.
Observation #1

· Support of simultaneous transmission on a D2D carrier and a second WAN carrier will require two transmit chains in the D2D UE. 

Observation #2

· The specification of 2 transmit paths in the D2D transmitter will require band dependent 2 CA analysis for each band combination of D2D and cellular carriers. 
Proposal #1

· RAN4 analysis of the support of a dedicated D2D carrier in combination with a second separate WAN carrier be part of FFS D2D work, possibly as part of a new WID.
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