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1 Introduction

At the RAN1 #76bis the discussion on multi carrier operation for D2D has been started and then continued offline at the RAN1 email reflector [2], where the following proposal was considered:

· At least in Rel-12, RAN1 assumes that:

· Carrier aggregation and dynamic carrier switching for D2D transmission are not supported.

· D2D transmission can only be configured on a single carrier per UE at any given time, and 

· D2D transmission and reception can only be configured on the same carrier per UE at any given time.

· At least in Rel-12, D2D on a different carrier from the UE’s WAN serving cell carrier is / is not supported.
In this contribution, we express our views on multi-carrier capabilities for D2D operation in LTE Rel.-12.
2 On D2D Use Cases and Multi-Carrier Operation in LTE R.12
The public safety use case is considered to be the main driving factor for D2D communication in LTE Rel.12. Because of the public safety specific requirements, RAN1 WG made many design assumption to start the work on D2D integration into the LTE technology such as: broadcast communication, no physical layer feedback and link adaptation, multiple packet re-transmission, etc. These assumptions can significantly simplify the system design and UE implementation.
The multicarrier support for D2D public safety use cases seems to be an optimization of D2D functionality. First of all, there is no requirements for high throughput communication on D2D links. In addition, public safety networks may not have large number of carriers and band combinations as currently considered in commercial networks. Based on these arguments and given that even single carrier D2D operation on band 14 is not yet defined due to multiple open issues, we do not see the need to discuss and support carrier aggregation and dynamic carrier switching for D2D transmission and reception on D2D links and therefore we suggest that D2D-CA functionality is deprioritized at least in LTE Rel.12.
Proposal 1
· At least in the LTE Rel.12, the multi-carrier D2D communication (D2D-CA) is not supported.

The next open question that needs to be addressed is whether D2D on a different carrier from the UE’s WAN serving cell carrier is supported or not. Given that reach set of WAN multi-carrier functionality is already defined in LTE Rel.12, the WAN and D2D can potentially operate on different carriers. However this aspect needs to be carefully reviewed from the UE and eNB implementation perspective, especially taking into account prioritized use cases, i.e. public safety. In addition, we think that D2D and WAN carrier combinations may require careful consideration and analysis in RAN4 WG.
3 Potential WAN-D2D CA Combinations
From CA capable UE perspective, the WAN and D2D may operate either on the same carrier or different carriers. There are many WAN-D2D CA combinations that can be potentially considered, including the following:
· Single Carrier WAN-D2D. In this scenario, we assume that WAN and D2D operate on the same carrier and share spectrum resources. It means that in case of TDD spectrum, the WAN UL and D2D-TX or RX needs to be multiplexed in time. The WAN DL and D2D TX-RX are multiplexed in time by default since D2D operates only in UL subframes. In case of FDD, there are two main possible options that may need further considerations:
· Single RX chain D2D UE. In this case, the single RX chain is used for WAN DL and D2D reception (i.e. RX chain is shared among DL and UL) and thus UE cannot simultaneously receive the WAN DL and D2D.
· WAN DL and D2D RX are multiplexed in time.

· Dual RX chain D2D UE. In this case, the UE is equipped with additional RX chain (baseband and RF) that can be utilized for D2D reception. With additional RX chain, the UE can simultaneously receive the WAN DL and D2D carried on FDD DL and UL carriers respectively.
· WAN DL and D2D RX can be received simultaneously in time.

· Multi-Carrier WAN-D2D. In WAN-D2D CA scenario, we assume that WAN operates on one or multiple component carriers and D2D operates on one of the component carriers, which may or may not be a part of WAN component carriers. Two main scenarios can be identified in terms of WAN-D2D CA combinations:
· Dedicated D2D carrier. In this WAN-D2D CA scenario, the first component carrier (CC1) is configured for WAN communication and the second component carrier (CC2) is used solely for D2D communication. In this case, the dual-radio receiver uses eNB-UE air-interface on CC1 for WAN communication and UE-UE air interface on CC2 to enable direct communication. Note that from system perspective, the CC2 may be used for WAN communication as well, but from a given UE perspective the WAN transmission and reception on CC2 is off.
· Shared WAN & D2D carrier. In this WAN-D2D CA scenario, primary cell (component carrier - CC1) is configured for WAN communication only and secondary cell (component carrier CC2) is used for WAN and D2D. In this case, the Scell operation is similar to Single Carrier WAN-D2D.
· Dual RX chain UE using one RX chain at shared carrier. In this case, the WAN DL on CC2 and D2D RX on CC2 should be multiplexed in time, since only WAN DL on Pcell and either D2D RX or WAN DL on Scell can be received simultaneously (1 WAN PDL + 1 WAN SDL/D2D RX CA). Another constraint is that WAN UL on Pcell and D2D TX on Scell need to be multiplexed in time in order to avoid simultaneous transmissions on multiple carriers (i.e. 1 WAN PUL + 1 D2D TX CA).
· Triple RX chain UE using two RX chains at shared carrier. In this case, the WAN DL on Pcell, WAN DL on Scell and D2D RX Scell can be received simultaneously (2 WAN DL + 1 D2D RX CA). This is a special form of triple carrier aggregation. However, WAN UL on Pcell and D2D TX on Scell need to be multiplexed in time in order to avoid simultaneous transmissions on multiple carriers (i.e. 1 WAN PUL + 1 D2D TX CA).
The summary of these WAN-D2D CA options is summarized in Table 1
Table 1: Potential WAN-D2D CA combinations
	WAN-D2D CA options
	F1
	F1
	F2
	F2
	Comments

	
	Uplink
	Downlink
	Uplink
	Downlink
	

	#0: Baseline (Cellular)
	WAN UL
	WAN DL
	WAN UL
	WAN DL
	

	Single Carrier WAN-D2D
	#1a: single-RX chain UE
	WAN UL | D2D TX | RX
	WAN DL | No DL if D2D Rx
	N/A
(CC2 is not configured)
	1 RX chain is shared between WAN DL and D2D RX

	
	#1b: dual-RX chain UE (not possible for TDD F1)
	WAN UL | D2D TX | RX
	WAN DL
	
	2 RX chains, one dedicated to WAN DL and one to D2D RX

	Multi-Carrier WAN-D2D
	#2: dual-radio UE
	WAN UL 
	WAN DL
	D2D TX | RX
	N/A
(dedicated D2D carrier)
	2 UL CA is required to support simultaneous  WAN UL and D2D Tx

	
	#3a: Simultaneous SDL+D2D (not possible for TDD F2)
	WAN PUL 
	WAN PDL
	D2D TX | RX
	WAN SDL 
	2 UL CA is required to support simultaneous  WAN UL and D2D Tx;

Triple Rx chains required;

	
	#3b: TDMed SDL+D2D
	WAN PUL 
	WAN PDL
	D2D TX | RX
	WAN SDL
	2 UL CA is required to support simultaneous  WAN UL and D2D Tx


Table notations:
PDL/PUL – Primary cell (carrier) DL/UL
SDL/SUL – Secondary cell (carrier) DL/UL
The sign | designates logical or operation.
Among all of the considered WAN-D2D combinations, in our view the priority should be given to single carrier WAN-D2D, since multi-carrier WAN D2D does not bring additional performance benefits essential for the public safety services targeting long range. In addition, we do not see the motivation for simultaneous WAN PUL and D2D TX on Scell since the power sharing may lead to significant performance loss for D2D communication, especially for cell-edge UEs. The multi carrier WAN–D2D options have higher UE implementation complexity as it is further elaborated in the next section. Therefore we suggest to focus on Single Carrier WAN-D2D with single-RX chain UE as a high priority in LTE Rel.12.
Proposal 2
· At least in the LTE Rel.12, the single carrier WAN-D2D is given higher priority. As the second priority, the multi-carrier WAN-D2D with dedicated D2D carrier can be considered if the remaining time in LTE Rel.12 time frame permits.
4 On Amount of UE Receiver Chains
As it was discussed in the previous section, in case of FDD, the possibility of simultaneous reception of D2D in UL carrier and WAN in DL carrier depends on the amount of the receiver chains available for UE RX processing. If UE has one RX chain which is shared between D2D RX in UL and WAN D2D RX in DL, the UE may not be able to monitor WAN DL subframes during D2D reception and vice versa. The potential UE implementation specific solution to avoid this problem is to integrate additional RX chain however it will significantly increase the UE complexity in baseband and RF as well as the increase the cost of the UE.

In FDD, the simultaneous WAN DL RX and D2D UL RX requires another RF frontend, since there cannot be a switch anymore between the duplexer and the D2D filter, as now the WAN RX and the D2D RX need to be connected to the antenna simultaneously. Therefore the only possibility is to connect the duplexer to the antenna switch and add a switch at the TX port of the duplexer which can connect the duplexer TX port either with the PA output for WAN operation or with the D2D RX input for D2D operation. However, the connection from the PA to the duplexer may be sensitive for mismatch and losses. All losses added there immediately increase the total losses and reduce the output power in normal WAN operation. The result is that in the normal network the performance of the device may be degraded due to lower output power. Therefore, the single receiver chain solution that may be based on the simple switching is more attractive.

Proposal 3
· At least in the LTE Rel.12, the UE equipped with the single receiver chain is assumed.

· The dual receiver chain solutions, if further considered by RAN1 WG, require consideration and feedback from the RAN4 WG, since those may negatively affect the WAN performance as well and have larger impact on RFIC design and implementation.

5 On Switching Time
Currently RAN1 assumes that RX/TX and D2D/WAN switching time is ~20µs. This is true for TDD only, since it is specially designed for this and uses the same TX/RX frequency. To enable this, special precautions are usually taken in the transceiver architecture. The D2D support in FDD UL spectrum is different, since there the PLL usually has to settle to another frequency. So the larger D2D/WAN switching time than currently considered 20µs may be needed, as the RX and TX oscillators are usually different. For example for FDD RX to D2D RX the PLL has to settle from the UL frequency to the DL frequency and vice versa. So generally the switching time should be larger and thus RAN1 needs to discuss this problem and consult with RAN4 WG.
Proposal 4
· Send LS to RAN4 WG to clarify the D2D/WAN switching time for the UEs equipped with single RX chain for D2D operation in FDD spectrum.
6 Conclusions
In this contribution, we summarized our views on multi-carrier D2D capabilities to be enabled in LTE Rel.12. In summary we have following proposals:
Proposal 1
· At least in the LTE Rel.12, the multi-carrier D2D communication (D2D-CA) is not supported.

Proposal 2
· At least in the LTE Rel.12, the single carrier WAN-D2D is given higher priority. As the second priority, the multi-carrier WAN-D2D with dedicated D2D carrier can be considered if the remaining time in LTE Rel.12 time frame permits.

Proposal 3
· At least in the LTE Rel.12, the UE equipped with the single receiver chain is assumed.

· The dual receiver chain solutions, if further considered by RAN1 WG, require consideration and feedback from the RAN4 WG, since those may negatively affect the WAN performance as well and have larger impact on RFIC design and implementation.

Proposal 4
· Send LS to RAN4 WG to clarify the D2D/WAN switching time for the UEs equipped with single RX chain for D2D operation in FDD spectrum.
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