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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 RF receive requirements was provided in [13]. 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 on the UE RF receive 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. 

3
Impacted UE Requirements

Based on the observations in section 2, this section identifies receive RF requirements that may be impacted by the implementation of D2D capabilities in LTE based on the existing UE RF requirements defined in section 7 of TS36.101[4]. Based on the analysis in [10] at RAN4#72 and [13] at RAN4#72bis, Table 1 below summarizes possible UE RF receive requirements that may be impacted due to D2D functionality. 
Table 1: 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. May also be impacted by the use of a multiple receive paths.
	7.3

	Maximum input power level
	Impacted by proximity of D2D devices. Discussed in [15]
	7.4

	ACS
	For multi-carrier implementations, the ACS will need to be revised for simultaneous D2D  and WAN UE transmissions and also possibly to address adjacent band co-existence requirements. 
	7.5

	In-band blocking
	In-band blocking impacts have been analyzed in [12] [14] and are further discussed in section 3.2
	7.6.1

	Out-of-band blocking
	OOB will be similar to legacy WAN specifications  but may need to be revised to address adjacent band co-existence requirements
	7.6.2

	Narrowband blocking
	Narrowband blocking requirements will need to be revised to address the presence of multiple D2D transmissions inband which can act as narrowband blockers. May also need to be revised to address inband emissions and adjacent band co-existence requirements [5], [7].
	7.6.3

	Spurious Response
	May need to be revised to address inband emissions and adjacent band co-existence requirements [[5], [7].
	7.7

	Intermodulation
	May need to be revised to address the presence of multiple D2D transmissions inband. May need to be revised to address inband emissions and adjacent band co-existence requirements [5], [7]. Multiple D2D UE transmit implementations will need to be analysed on a per band combination basis for possible impacts on intermodulation requirements
	7.8

	Spurious emissions
	May need to be revised to address inband emissions and adjacent band co-existence requirements [5], [7].
	7.9


Observation #1
· From a UE receive perspective the following requirements may be impacted by D2D functionality: reference sensitivity, maximum input power, ACS, inband blocking, narrowband blocking, spurious response, intermodulation and spurious emissions. 
3.1 Reference Sensitivity Impacts

It is assumed for the analysis of D2D implementations that a single carrier is employed that supports both cellular and D2D functionality. From a D2D UE receiver perspective, for FDD implementations, cellular and D2D transmissions can be received on the DL band and the UL band respectively as illustrated in Figure 2 below. Furthermore, the reception of the WAN and D2D transmissions is analogous to reception of intra-band 2 CA transmissions.  Figure 3 below from [11] illustrates two possible D2D UE architectures for a single carrier D2D solution. The impact on the filter and duplexer design will be dependent on the band class under consideration.  At RAN4#72, preliminary band classes were agreed upon as the basis for the initial analysis as summarized in Table 2 below. The corresponding duplexer gap and duplexer distance for the identified bands in also provided in the Table. It can be assumed that the implementation margin of the existing band specifications accounts for the duplexer distance/duplexer gap ratio for a traditional transmit/receive architecture, however the performance of the duplexers for operation with dual receive implementations needs to be assessed. 
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Figure 2: Simultaneous reception of DL WAN and UL D2D transmissions at a D2D UE
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a) 1st possible D2D UE architecture
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Figure 3: Possible D2D UE architectures for single carrier implementations from [11].
Table 2: E-UTRA ProSe operating band duplex distance
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Separation

Center/center

Minimum edge-to-edge

[MHz]
	Duplex Distance /Duplex Gap
	Duplex Mode
	ProSe Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	
	
	Disc.
	Comm.

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	80/20
	4
	HD-FDD
	[Yes]
	

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	95/20 
	4.5
	HD-FDD
	[Yes]
	[Yes]

	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	400/355 
	1.12
	HD-FDD
	[Yes]
	

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	120/50
	2.4
	HD-FDD
	[Yes]
	[Yes]

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	30/20
	1.5
	HD-FDD
	[Yes]
	[Yes]

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	41/11
	3.72
	HD-FDD
	[Yes]
	[Yes]

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	45/10
	4.5
	HD-FDD
	[Yes]
	[Yes]

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	55/10
	5.5
	HD-FDD
	[Yes]
	[Yes]

	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	N/A
	N/A
	TDD
	[Yes]
	


In addition to possible impacts on the duplexer implementation margin, the reference sensitivity will be impacted by the addition of switches and filters in the receive path. For the band classes identified in Table 2, typical insertion losses of the additional switches and filters required for the architectures illustrated in Figure 3 will be on the order of 0.5 to 1.0 dB. Based on this assessment it is proposed that the reference sensitivity be relaxed by at least 0.5 dB for the D2D UE’s under consideration.
Observation #2
· Typical D2D UE architectures will require the addition of switches and filters with a typical additional insertion loss of 0.5 to 1 dB.
Proposal #1

· The reference sensitivity requirements for D2D UE’s should be relaxed by at least 0.5 dB for the bands identified in Table 2 above.

3.2   ACS and blocking 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. Furthermore from the analysis in [14] it has been shown that public safety D2D UE’s can create blocking levels up to -37 dBm. The inband blocking requirements for D2D UE’s should be revised to be consistent with this impact.
Observation #3
· Given that D2D transmissions for discovery and possibly communications may be only 2 RBs wide, the blocking requirements for D2D UE’s should address this transmission scenario.
Observation #4 

· For public safety broadcast scenarios, blocking levels up to -37 dBm can be present with a 99.98% cumulative probability.
Proposal #2
· ACS and narrowband blocker requirements for D2D UE’s are to be updated to address D2D discovery and communication signals with a bandwidth of 2 RBs.
Proposal #3
· The inband blocking requirements for D2D UE’s should be revised to be consistent with a blocking level of – 37 dBm.
3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D functionality on UE RF requirements
Observation #1
· From a UE receive perspective the following requirements may be impacted by D2D functionality: reference sensitivity, ACS, inband blocking, narrowband blocking, spurious response, intermodulation and spurious emissions.
Observation #2
· Typical D2D UE architectures will require the addition of switches and filters with a typical additional insertion loss of 0.5 to 1 dB.
Observation #3
· Given that D2D transmissions for discovery and possibly communications may be only 2 RBs wide, the blocking requirements for D2D UE’s should address this transmission scenario.
Observation #4 

· For public safety broadcast scenarios, blocking levels up to -37 dBm can be present with a 99.98% cumulative probability.
Proposal #1

· The reference sensitivity requirements for D2D UE’s should be relaxed by at least 0.5 dB for the bands identified in Table 2 above.
Proposal #2
· ACS and narrowband blocker requirements for D2D UE’s are to be updated to address D2D discovery and communication signals with a bandwidth of 2 RBs.
Proposal #3
· The inband blocking requirements for D2D UE’s should be revised to be consistent with a blocking level of -37 dBm.
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