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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. In 3GPP Release 13 a new Work Item has been approved for enhanced direct discovery support for ProSe as defined in [1]. This new WID includes objectives to support D2D discovery in SCells as well as inter-PLMN support of discovery. In this contribution the possible impact of these objectives on D2D UE RF requirements with multiple carriers is discussed.
2.
D2D Deployment Scenarios and Use Cases
As part of Release 13, a new Work Item was approved for “Enhanced LTE Device-to-Device Proximity Services” in [1]. The work item 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 

For non-public safety D2D discovery, the work item will cover enhancements to LTE D2D for both intra-cell and inter-cell network coverage. Relevant to RAN4, this work item includes objectives to:

1) Define enhancements to D2D discovery to enable Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use.

2) Enhance D2D discovery support in the presence of multiple carriers and PLMNs including support for D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving.
3) Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms being defined.
4) Define additional (if needed) transmit and receive RF requirements for the UE.

5) Define additional (if needed) RRM core requirements.

For out-of-coverage scenarios, D2D transmissions can potentially cause interference to other co-located LTE operators or other technologies. The level of interference can be exacerbated by the fact that the D2D UE is not subject to any power control by the network being interfered with and furthermore it has no control over the number of D2D UE’s that enter its coverage area. This issue is covered in more detail in [4].
Observation #1
· Lack of power control of OOC D2D transmissions and lack of control by the impacted networks of the number of OOC D2D UE’s that can transmit can degrade the performance of the impacted networks.
3
Impacted UE Transmit Requirements

Based on the existing UE RF requirements defined in section 6 of TS36.101[3] and on the agreements in TR36.877[2] for Release 12 D2D functionality, this section identifies the transmit RF requirements that may be impacted by the implementation of multiple carrier D2D discovery capabilities in LTE Release 13.  Table 1 summarizes the impacted UE RF transmit requirements due to multiple carrier D2D discovery functionality. 
Table 1: UE RF Transmit Requirements potentially impacted by D2D
	Requirement
	D2D Impact – in-network coverage
	Reference in TS36.101

	Transmit Power
	Maximum output power may be impacted by additional switches in the transceiver to accommodate dual WAN and D2D transmit over one or more carriers. 
	6.2

	MPR and A-MPR
	Re-use UL carrier aggregation requirements for in-network coverage of D2D discovery and communication transmissions.
	6.2

	Output Power Dynamics
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.3.2A

	Transmit Off Power
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.3.3.A

	ON/OFF Time mask
	The need for modification of the ON/OFF time mask is FFS pending definition of possible additional gaps for inter-PLMN multiple carrier D2D.
	6.3.4

	Power Control
	For inter-PLMN multiple carrier D2D, with at least one WAN transmission with a D2D transmission, the power control tolerance requirements of legacy CA shall apply. 
	6.3.5A.1, 6.3.5A.2,  6.3.5A.3

	Frequency Error
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.5.1A

	Transmit signal quality including EVM
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.5.2.A 

	Occupied Bandwidth
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.6.1A

	Spectral emission mask and Additional spectrum emission mask
	Re-use legacy UE carrier aggregation requirements for D2D UE’s with multiple carriers.
	6.6.2.1A

6.6.2.2A

	ACLR
	Requires further co-existence analysis to determine the impact of  inter-band and intra-band UE carrier aggregation requirements for D2D UE’s with multiple carriers, both in and out-of-coverage.
	6.6.2.3.1A

6.6.2.3.2A

	Transmit intermodulation
	Re-use legacy inter-band and intra-band UE carrier aggregation requirements for D2D UE’s with multiple carriers.

	6.7.1A

	Timing alignment error
	No impact expected
	6.8


From Table 1 it can be seen that legacy UE carrier aggregation requirements can be employed for the following D2D UE RF transmit requirements in Release 13: MPR and A-MPR, output power dynamics, transmit off power, frequency error, transmit signal quality including EVM, spectral emission mask, transmit intermodulation and timing alignment error. D2D UE receive requirements that need further study include: maximum output power, ON/OFF time mask and ACLR. Note that the impact on the D2D UE requirements will be dependent on the combinations of multiple carriers chosen. 
Observation #2
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier transmit requirements can be based on legacy UE carrier aggregation requirements:  MPR and A-MPR, output power dynamics, transmit off power, frequency error, transmit signal quality including EVM, spectral emission mask, transmit intermodulation and timing alignment error.
.
Proposal #1

· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier transmit requirements need to be studied further:  maximum output power, ON/OFF time mask and ACLR requirements.
4
Impacted UE Receive Requirements

Based on the existing UE RF receive requirements defined in section 7 of TS36.101[3] and on the agreements in TR36.877[2] for Release 12 D2D functionality, this section identifies the receive RF requirements that may be impacted by the implementation of multiple carrier D2D discovery capabilities in LTE Release 13.  Table 2 summarizes the impacted UE RF receive requirements due to multiple carrier D2D discovery functionality. 

Note that as discussed in [5], for intra and inter-PLMN scenarios with multiple carriers, the D2D UE receive requirements will have to be assessed for impacts of possible simultaneous reception on the D2D UL band and one or more WAN DL bands. Thus for example scenarios with 2 carriers may require up to 3 receivers for support of D2D on one of the carriers.
4.1   Discussion of multiple carrier impacts
With regard to the impacted D2D UE requirements, of particular note are the possible impacts to the ACS, and in-band blocking requirements.  If D2D UE’s and WAN UE’s transmit at the same time, the ACS will be impacted. In particular the ACS can be much worse for impacted D2D UE’s due to the potential of legacy UEs transmitting in close proximity to a UE receiving a D2D transmission . Furthermore, since discovery signals and some D2D communication signals are only 2 RB’s wide it will be necessary to update the Tables in TS36.101 section 7.4 relative to the BW and levels of unwanted signals for D2D.

The existing UE blocking requirements were derived for legacy UE communications under typical scenarios in which the UL transmissions from UE’s are power controlled. For D2D UE’s operating in the presence of other legacy LTE UE’s this will still be the case, however other D2D transmissions can in addition contribute to the degree of blocking seen by the D2D UE. In such scenarios it may benefit the D2D UE to have a more stringent blocking requirement since there may be an impact on the performance of D2D UE’s relative to performance of legacy LTE UE’s operating in the absence of D2D transmissions.
Table 2 below summarizes the impacted UE RF receive requirements due to multiple carrier D2D discovery functionality. 

Table 2: UE RF Receive Requirements potentially impacted by D2D

	Requirement
	D2D Impact
	Reference in TS36.101

	Reference Sensitivity
	REFSENS may need to be revised to address the possible impact of additional device insertion losses to support D2D reception in the FDD UL band and/or carrier aggregation. For the impact of carrier aggregation, legacy UE requirements shall apply.
	7.3.1A

	Maximum input power level
	Re-sue agreed value of -22 dBm for Release 12 D2D devices [2]. In the context of D2D with multiple carriers and multiple PLMNs the impact of carrier aggregation will need to be reviewed.
	7.4.1A

	ACS
	For multi-carrier implementations, the ACS will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements. Impacts to adjacent band co-existence requirements will also need to be addressed 
	7.5.1A

	In-band blocking
	For multi-carrier implementations, the in-band blocking will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements
	7.6.1A

	Out-of-band blocking
	For multi-carrier implementations, the out-of-band blocking will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements.
	7.6.2.1A

	Narrowband blocking
	For multi-carrier implementations, the narrowband blocking will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements.
	7.6.3.1A

	Spurious Response
	For multi-carrier implementations, the spurious response will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements.
	7.7.1A

	Intermodulation
	For multi-carrier implementations, the receive intermodulation requirements will need to be revised for simultaneous D2D and WAN UE reception consistent with legacy carrier aggregation requirements.
	7.8.1A

	Spurious emissions
	Re-use existing requirements defined for Release 12 D2D UEs. 
	7.9

	Receiver Image Rejection
	Pcell with a simultaneous WAN and D2D reception requirement needs to be specified similar to intra-band CA requirement
	7.10.1

	Reference Measurement Channel
	Requirements are FFS
	9.1


Observation #3
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier receive  requirements can be based on legacy UE carrier aggregation requirements:  maximum input level and receive spurious emissions.
Proposal #2
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier receive requirements need to be studied further:  reference sensitivity, ACS, in-band blocking, out-of-band blocking, narrowband blocking, spurious response, receive intermodulation, and receiver image rejection. 
5
Conclusions
The following observations and proposals should be taken into consideration when studying the impact of multiple carrier D2D functionality on UE transmit and receive RF requirements:
Observation #1
· Lack of power control of OOC D2D transmissions and lack of control by the impacted networks of the number of OOC D2D UE’s that can transmit can degrade the performance of the impacted networks.
Observation #2
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier transmit requirements can be based on legacy UE carrier aggregation requirements:  MPR and A-MPR, output power dynamics, transmit off power, frequency error, transmit signal quality including EVM, spectral emission mask, transmit intermodulation and timing alignment error.
Observation #3
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier receive  requirements can be based on legacy UE carrier aggregation requirements:  maximum input level and receive spurious emissions.
Proposal #1

· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier transmit requirements need to be studied further:  maximum output power, ON/OFF time mask and ACLR requirements.
Proposal #2
· For Release 13 multiple carrier D2D functionality, the following D2D UE multiple carrier receive requirements need to be studied further:  reference sensitivity, ACS, in-band blocking, out-of-band blocking, narrowband blocking, spurious response, receive intermodulation, and receiver image rejection. 
6
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