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1 Introduction
This document discusses the UE to UE co-existence issues for a D2D receiver when operating in the corresponding FDD UL band.

2 Background
In D2D mode, a device would operate in half duplex FDD (HD-FDD) mode using the same UL frequency for both Tx and Rx. However, when operating in the D2D Rx mode the D2D device will suffer from the classic UE to UE co-existence issue since the normal FDD band plan is not designed to support Rx operation in the UL frequency band.  
This problematic D2D Rx scenario is shown below in Figure 2-1 using the example of B14 and B20 for both normal cellular FDD deployment and D2D HD-FDD deployment in the UL cellular band. The top row shows normal LTE and D2D Tx operation and the corresponding bottom row shows D2D Rx in the UL spectrum (red arrow indicates the new interference scenario for the D2D_ Rx path from both the adjacent UL Tx channel(s) with little or no guard band.
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Figure 2-1: D2D HD-FDD deployment in upper 700MHz band and B20

Since the interference is due to the UL Tx OOB emissions are on-channel to the D2D_receiver, there is nothing that can be done at the D2D receiver to mitigate this interference. A solution would need to be implemented for the adjacent cellular WAN Tx channel OOB emissions.

 Figure 2-2 further illustrates the Tx to Rx co-existence issue.
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Figure 2-2: D2D HD-FDD deployment in UL band (adjacent channels / bands)
If a LTE UE or a PSNB[footnoteRef:1] device(s) in the adjacent UL spectrum is at a close proximity to a D2D UE Rx, the D2D UE Rx performance can be degraded significantly and would result in loss of D2D_Rx coverage.  [1:  In the case of D2D Rx operation in the LTE UL band adjacent to 700MHz PSNB UL (799 -805MHz) as shown in figure 2-1;  the PSNB transmit power of 35dBm for handheld and 43dBm for mobile devices will present a high level NB blocker (interferer or jammer signal) to the co-located LTE D2D Rx device. This aspect is not addressed in this document.] 

It is quite normal that during an incident or major event, public safety D2D users may well be surrounded by many commercial users using adjacent UL spectrum (B13, B20, etc), or surrounded by other public safety personnel using narrow band devices (400/700/800MHz PSNB) or 2G (CDMA, GSM) systems. The scenario of PSNB devices[footnoteRef:2] merits further investigation due to the likelihood of LTE D2D and PSNB devices being co-located at an incident scenario irrespective of other LTE commercial devices. [2:   This scenario would be applicable for a LTE UL band adjacent to a UL narrow band without sufficient guard band. ] 


Some potential scenarios for further examination are shown below in Figure 2-3 (note the high concentration of people co-located next to PS personnel) 
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Figure 2-3: PS deployment scenarios
3.0	D2D Rx desense due to adjacent channel / band OOBE interference 
Table 3-1 and 3-2 shows the D2D Rx desense caused by an interfering LTE UE for different physical separation distances to a handheld and a mobile, respectively. Table 3-3 shows the desense caused by an interfering LTE UE in the case of a 10 dB tighter SEM mask is implemented in a legacy cellular device. In the calculation, the following assumptions are made;
 
a) For handheld devices -10dBi antenna gain (includes head and hand loss) is assumed for the D2D LTE handheld. For PS device the antenna gain is expected to be higher due to only hand losses. See Annex A for reference. 
b) For a vehicle device, a -1dBi antenna gain is assumed which includes cable losses.  See Annex A for reference
c) The interfering commercial LTE UE always has -10dBi antenna gain (including head + hand loss). 
d) Spectrum Emission Mask (SEM) of -10dBm/MHz and -13dBm/MHz are based on 3GPP TS36.101 specification for the adjacent UL Tx channels/ frequency offset – see Annex C for reference. 
e) In our analysis we assume free space path loss between devices. Free space path loss is the loss in signal strength of the Tx OOB that would result from a line of sight path through free space 

This deterministic approach [2] using free space losses and antenna gain values were used in RAN4 to define UE –UE co-existence requirements in TS36.101 – see Annex B for UE to UE co-existence requirement. 
Using B20 as an example in the worse case where the interfering UE is transmitting maximum power, physical separation distance needs to be at least 159m for handheld, and 449m for mobile, in order to cause less or equal to 3dB of D2D Rx desense as shown in Table 3-1 and Table 3-2. 
Table 3-1: D2D LTE UE (handheld) desense due to adjacent band LTE UE OOBE interference
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Even assuming the LTE UE is transmitting at an average power of 8dBm (to account for favourable power control mitigation), physical separation distances need to be at least 28m for D2D handheld, and 80m for a D2D mobile device, in order to cause less or equal to 3dB of desense as shown in Table 3-1 and also in Table 3-2

Table 3-2: D2D LTE UE (mobile) desense due to adjacent band LTE UE OOBE interference
[image: ]

Considering Table 3-1, we note using the example of B20 a large separation distance represents a dramatic increase in the probability of interference because it is far more likely that two handheld devices will be co-located within the larger separation distance [159] metres of each other than the shorter separation distance [1.7]  metres. The area over which a cellular device can cause interference is proportional to the square of this separation ratio. Since [1592/1.72]    or ~ 9,000, interference is ~9,000 more likely with a limit of [-10dBm/1MHz] rather than the normal 3GPP co-existence limit of [-50dBm/1MHz].  The same separation ratio would also be applicable for the mobile case as shown in Table 3-2

Even if the legacy LTE device emission performance is tighter (10dB) than the required 3GPP specification, the D2D separation distance and interfered coverage area is still significant as shown for the mobile case in Table 3-3 below

Table 3-3: D2D LTE UE (mobile) desense due to adjacent band LTE UE OOBE interference (10dB tighter SEM)
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The reasons for this high level of D2D Rx desense/blocking and required separation distances is that there is no mitigation from the adjacent UL channel emission (-10dBm/1MHz or -13dBm/1MHz specified in the adjacent channels) unlike a normal FDD device where the RF duplex filter and associated duplex gap provides protection for the UL bands (typically -50dBm/1MHz) -See Appendix B and C for TS36.101 for the normal UE to UE co-existence requirements and FDD emission mask 

In the above analysis we have only considered the interference impact of D2D_communications for the PS scenario, since interruption and loss of coverage would be the critical case for VOIP services. Similar interference would also be applicable for the D2D_discovery scenario. Increasing the duty cycle for D2D transmission beacons could provide an improved probability of reception but with an increase in interference to the adjacent cellular system. 

4.0	Discussion 
Since D2D is using UL spectrum for Rx, this places the D2D Rx right next to device Tx in adjacent spectrum with limited or no frequency separation from a potentially high interfering signal from the adjacent channel.  This could result in significant desense or blocking of the D2D receiver. Adjacent system can be another broadband UL channel (e.g. LTE), or other services (narrow band, GSM, CDMA etc). This issue would be applicable to any LTE UE D2D channel operating in the UL operating bands. 
Physical separation distances need to be in the order of 160m for handheld, and 450m for mobile, in order to cause less or equal to 3dB of desense to the D2D Rx. Large values of desense are also observed even for a low LTE power interferer of 8dBm (taking into account any mitigation provided by power control). 
In this document we have mainly focused on the impact to D2D_communications for PS services since interruption or loss of coverage due to an interfering UE in the adjacent UL spectrum would be the most critical case.  Similar interference Interruption would also be applicable for D2D_discovery scenario. Possible mitigation for further consideration could be;

a) Consider D2D deployment which is not located next to an adjacent UL Tx channels. 
b) Consider D2D operation in new favourable spectrum allocation i.e. in duplex gap of CEPT Digital Dividend 2 allocation.
c) Introduce an UE-UE co-existence protection requirement for D2D_discovery and D2D_communications from adjacent UL cellular channels/bands.  Appendix A and B shows the current 3GPP spec on protecting level for UE to UE coexistence and emission mask, which can be used to provide guidance on required protection levels for D2D Rx operation. However, as this impact legacy devices, we should consider this carefully 
d) Investigate if the D2D Tx can be allocated in the DL band, then the burden of protection would be on the D2D device (i.e. tighter emission for all D2D devices would be required to protect the adjacent cellular Rx band/channel). 

UE to UE co-existence issue related to D2D operation need to be carefully studied since this would impact many potential D2D deployment scenarios 

5.0	Reference
[1] 	3GPP TS36.101v12.4.0: User Equipment (UE) radio transmission and reception (Release 12)
[2] 	R4-080710;   TS36.101: TP for UE Spurious emission limits; Motorola









Annex A	Antenna gain assumptions 
[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The UE is generally a device that is used in close physical proximity to the human “user”. As the human body has distinctive RF absorption and reflection properties it is worthwhile understanding the impact of the proximity to the user of typical antenna and body losses for setting the UE radiated spurious emissions. There are two main usage scenarios are head and hand for speech applications and hand only in the case of data usage which would determine  the “effective” antenna loss.

In the case of vehicle operation the vehicle antenna is usually optimized to provide the maximum signal radiation due to the increase in ground plane and larger form factor. In this case the antenna gain is higher and the “effective” antenna loss is much smaller

Hand held devices 
It is assumed that the UE will be “used” in a great deal of hand grips and proximities to the human body. In particular the head and hand case which is studied in R4. There is also the hand/body only case, which has lower “effective” antenna loss than both the previous head and hand/body cases. See example of both below in Figure A-1.
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Figure A-1; example showing (head and hand case) and PS (hand/body) case

The hand/body only cases would be for a tablet form factor or smart phone data usage. For PS user case we expect only to account for hand/body losses (see above figure for comparison) due to the need for improved performance and PS user mobility.  In our analysis we have not considered this hand/body only scenario which could lead to a higher radiated transmitted power and also an increase in interference due to co-existence 
Vehicle devices 
In our analysis we have assumed the vehicular antenna gain to be –1dBd as is the best case placement on the rooftop centre as indicated in TIA TSB-88.1-C Table D-3 “Measured Location Gain” for 700/800MHz. Assuming mobile cable loss is 2dB the aggregate gain is (-1dBd + 2.1-2) ~ 1dBi for low < 1GHz. For >1GHz vehicle antenna the gain without cable losses can range up to 5dBi 
 
see http://www.panorama-antennas.com/index.php?route=product/product&path=82_98&product_id=183 for available LTE MIMO vehicle antenna systems below 1GHz and above 1GHz

Summary
The following values in the table are used in the analysis for D2D UE to UE co-existence

Table A-1: Antenna gain used in this analysis
	Frequency
	Both head and hand/body losses
	Vehicle (inc. cable loss)

	< 1GHz
	-10dBi
	-1dBi

	> 1GHz
	-8dBi
	




Appendix B:  3GPP spec on protecting level for UE to UE co-existence
A LTE FDD receiver is subject to:
a) Self interference – from the associated FDD transmitter operating on the same hardware platform 
b) Co-located UE interference – from a nearby or co-located UE whose FDD/TDD transmitter is active.
The avoidance of this interference is confirmed for a) by ensuring that the Rx sensitivity is not impaired when its own transmitter is at maximum power and for b) by ensuring that strict Tx emission limits are applicable for all the Rx bands used in the same geographical region. 
In the case of a co-located UE interference and using a B13 and B20 as an example, we see from [1] partially copied below, a limit of -50dBm/1MHz emission limit is normally specified at the Tx antenna port for all the Rx E-UTRA Bands; could be potentially deployed in the same geographical region. 
Table B-1: TS36.101 Table 6.6.3.2-1: Requirements for UE to UE co-existence
	E-UTRA Band
	Spurious emission

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	2
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 22, 23, 24, 26, 27, 28, 29, 30, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 2, 25
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1

	5
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 22, 23, 24, 25, 28, 29, 30, 31,  38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 26
	859
	-
	869
	-27
	1

	12
	E-UTRA Band 2, 5, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 4, 10
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 12
	FDL_low 
	- 
	FDL_high
	-50
	1

	13
	E-UTRA Band 2, 4, 5, 10, 12, 13, 17, 23, 25, 26, 27, 29, 41
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	Frequency range
	769
	-
	775
	-35
	0.00625

	
	Frequency range
	799
	-
	805
	-35
	0.00625

	
	E-UTRA Band 14
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 24, 30
	FDL_low 
	- 
	FDL_high
	-50
	1

	14
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1

	
	Frequency range
	769
	-
	775
	-35
	0.00625

	
	Frequency range
	799
	-
	805
	-35
	0.00625

	20
	E-UTRA Band 1, 3, 7, 8, 20, 22, 33, 34, 40, 43
	FDL_low
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 20
	FDL_low
	- 
	FDL_high
	-50
	1

	
	E-UTRA Band 38, 42
	FDL_low 
	- 
	FDL_high
	-50
	1



Similar requirements [1] apply for other bands. Requirements are also specified in the case where the above bands are carrier aggregated as per [1] so these intra and inter-band combinations as well as 2 UL configurations would need to be assessed in order to protect the D2D Rx channel.  

To meet this-50dBm/1MHz emission requirement, a FDD UE may need to include additional hardware components (RF filter, duplexer) or some form of power restriction to ensure this emission limit is not exceeded for the Rx band(s).  For some Rx bands these limits may either be relaxed or significantly tightened using NS_0X signaling i.e. B13/B26/B27 to address co-located UE interference to a 700/800 MHz PSNB device. 



Appendix C: 3GPP spec on emission mask level for adjacent channels

The specification [1] is not designed to provide any protection to a potential Rx D2D channel operating in the UL frequency band(s) from the UE transmitting in the adjacent UL FDD channel(s) since this Rx protection is not a normal requirement for the FDD UL band plan. 
The allowed emission level into the adjacent UL channel is shown in Table C-1 from [1] which is copied below 
Table C-1: TS36.101 Table 6.6.2.1.1-1: General E-UTRA UL spectrum emission mask 
	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB (MHz)
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Measurement bandwidth

	 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	 20-25
	
	
	
	
	
	-25 
	1 MHz



Note ΔfOOB   = Δ Frequency of Out Of Band emission [emission into adjacent channels or D2D Rx channel in the UL band]
From the above table we observe that the allowed emission into a potential D2D Rx 10MHz channel could be in the range of -10dBm/1MHz for the general spectrum emission mask. For some band the mask is tighter -13dBm/1MHz. This -10/13 dBm/1MHz emission into the adjacent channel value is significantly higher than the -50dBm/1MHz protection limit as shown in Table B-1  
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