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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 to “Define Tx and Rx RF requirements for the UE” [1]. At RAN4#72bis discussion of the impact of D2D functionality on UE transmit RF requirements was provided in [10]. In addition at the RAN plenary meeting #65, an exception sheet of outstanding impacts was agreed to including D2D UE RF impacts as detailed in [8]. This contribution re-iterates and further discusses the potential impacts of the D2D functionality to the UE transmit RF transmit requirements. 

2.
D2D Deployment Scenarios and Use Cases
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below 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.

Furthermore, as discussed in [2] and [3] potential intra-frequency D2D interference can occur as co-channel interference - i.e. collisions between transmitted RBs within the system bandwidth, as well as interference from D2D inband emissions from the transmitting RBs within the system bandwidth into RBs adjacent to those RBs being employed for the desired transmission. It was also shown that both inter-device and intra-device interference across a number of channels including PUCCH and PUSCH channels could occur. 
Preliminary analysis has been carried out on the impact of D2D inband emissions by RAN1 and the results discussed in [5] show that D2D inband emissions can degrade the SINR of legacy PUCCH transmissions by up to 10 dB. 
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 [11].
Observation #1

· D2D inband emissions can degrade legacy PUCCH transmissions by up to 10 dB. 
Observation #2
· D2D intra-device interference can potentially result in degradation of transmit quality and EVM for D2D transmissions.
Observation #3
· 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 observations in section 2, this section identifies transmit RF requirements that may be impacted by the implementation of D2D capabilities in LTE UE’s based on the existing UE RF requirements defined in section 6 of TS36.101[4]. Table 1 summarizes possible UE RF transmit requirement impacts due to D2D functionality. 
Table 1: UE RF Transmit Requirements potentially impacted by D2D
	Requirement
	D2D Impact
	Reference in TS36.101

	Transmit Power
	Maximum output power may be impacted by additional switches in the transceiver to accommodate dual D2D and cellular receive capabilities.
	6.2

	MPR and A-MPR
	May need to be revised to address inband emissions and adjacent band co-existence impacts. Adjustments in the range of [5-10] dB may be required [5]. In addition D2D specific MPR or A-MPR may be required to mitigate interference caused by OOC D2D transmissions.
	6.2

	Power Dynamics
	May need to be revised to address intra-band and adjacent band co-existence impacts
	6.3

	ON/OFF Time mask
	No impact expected
	6.3.4

	Power Control
	Lack of power control will impact inband emissions and adjacent channel co-existence.
	6.3.5

	Transmit signal quality including EVM
	Requirement may need to be revised due to D2D inband emissions
	6.5

	Spectral emission mask and Additional spectrum emission mask
	May need to be revised to address the impact of inband emissions from D2D on PUCCH transmissions.[5]
	6.6.2.1 and 6.6.2.2

	ACLR
	May need to be revised to address adjacent band co-existence requirements. Degradations of up to 10% are seen in preliminary analysis for public safety communications [7].
	6.6.2.3

	Transmit intermodulation
	May need to be revised to address the impact of inband emissions and lack of UL power control for OOC multiple carrier cases. Transmit intermodulation is not an issue for a single carrier. 
Transmit intermodulation will be impacted for 2 transmitter D2D UE implementations. The impact will be dependent on the band combinations. 
	6.7

	Timing alignment error
	No impact expected
	6.8


Observation #4
· The maximum output power requirement may be impacted by additional switches in the transceiver to accommodate dual D2D and cellular receive capabilities 
Observation #5
· Transmit intermodulation will be impacted for 2 transmitter D2D UE implementations. The impact will be dependent on the band combinations.

Observation #6
· The following D2D UE transmit requirements may be impacted by D2D functionality:  MPR, A-MPR, power dynamics, transmit signal quality, spectral emission mask, and ACLR.
Interference to legacy transmissions from D2D transmissions may be mitigated through a variety of measures including power control and MPR or A-MPR, in particular to protect legacy WAN PUCCH transmissions. It should be noted that D2D MPR and A-MPR can be defined independently of WAN MPR and A-MPR requirements due to the differing impacts for inband emissions.
With regard to the impacted D2D UE requirements, of particular note are the possible impacts to the ACLR, in-band blocking and transmit intermodulation requirements for multiple carrier, multiple D2D UE transmitter implementations.  If D2D UE’s support two transmitters and transmit on separate D2D and cellular carriers simultaneously, the 2 CA impacts on intermodulation will need to be analyzed for each candidate band combination. 
Proposal #1

Since A-MPR values for D2D transmissions may be different than A-MPR values for WAN transmissions, it is proposed that separate MPR and A-MPR parameters be defined for D2D subframes.  

3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D functionality on UE transmit  RF requirements:
Observation #1

· D2D inband emissions can degrade legacy PUCCH transmissions by up to 10 dB. 
Observation #2
· D2D intra-device interference can potentially result in degradation of transmit quality and EVM for D2D transmissions.

Observation #3
· 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 #4
· Maximum output power may be impacted by additional switches in the transceiver to accommodate dual D2D and cellular receive capabilities 
Observation #5
· Transmit intermodulation will be impacted for 2 transmitter D2D UE implementations. The impact will be dependent on the band combinations.

Observation #6
· The following D2D UE transmit requirements may be impacted by D2D functionality:  MPR, A-MPR, power dynamics, transmit signal quality, spectral emission mask, and ACLR.
Proposal #1

Since A-MPR values for D2D transmissions may be different than A-MPR values for WAN transmissions, it is proposed that separate MPR and A-MPR parameters be defined for D2D subframes.  
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