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1 Introduction
This document provides a text proposal for the D2D TR section 6.6.3 
2.0 TP for D2D TR 36.877v0.1.0 (2014-10) section 6
------------------------ START OF TP -------------------------

6.6
Output RF spectrum emissions

6.6.1
Occupied bandwidth

6.6.2
Out of band emission

6.6.3
Spurious emissions

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 6.6.3-1: 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 6.6.3-2 further illustrates the Tx to Rx co-existence issue.
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Figure 6.6.3-2: D2D HD-FDD deployment in UL band (adjacent channels / bands)

If a LTE UE or a PSNB
 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. 
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
 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.

Some potential scenarios for further examination are shown below in Figure 6.6.3-3 (note the high concentration of people co-located next to PS personnel) 
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Figure 6.6.3-3; PS deployment scenarios
D2D desense due to adjacent band OOBE interference 
Table 6.6 3-1 and 6.6.3-2 shows the D2D Rx desense caused by an interfering LTE UE for different physical separation distances to a handheld and a mobile, respectively. Table 6.6.3-3 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. 
b) For a vehicle device, a -1dBi antenna gain is assumed which includes cable losses.  

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 

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 using free space losses and antenna gain values were used in RAN4 to define UE –UE co-existence requirements in TS36.101 
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 6.6.3-1 and Table 6.6.3-2. 
Table 6.6.3-1: 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 6.6.3-1 and also in Table 6.6.3-2
Table 6.6.3-2: D2D LTE UE (mobile) desense due to adjacent band LTE UE OOBE interference

[image: image5.png]E-UTRA Band Protected Rx band LTE UE to D2D UE co-existence calculations UE dist. (m) @
FULoo] [P gang | FOLow] [FOL g v T req | Spurious | Antemnagan | Tose [ wWeL | 25 [ 15 [ ©
mi ] [ [Geme] s [ amioie] TTeT, | coo | Enior] 6| dn | dn | wn
e | -7 [sol 1] 7st0 e [ w0 [ 1 | o [eso] 5120 os
e o0 | 25 | o | 1 | se0 | ero | a8 | ise | 6o ]
wallom 2 | 7o e Lol [ewo | 0 [ w0 [ 7 [ o [sao] a7 [ 15 | 05
S5 a0 e e o[ eo | 20 | o | 7 | 3to |0 [Es e &





Considering Table 6.6.3-1, 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 6.6 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 6.3-3 below

Table 6.6.3-3: 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 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. 
D2D spurious emissions 

 FFS
6.7
Transmit intermodulation







� In the case of D2D Rx operation in the LTE UL band adjacent to 700MHz PSNB UL (799 -805MHz) as shown in figure 6.6.3-1;  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 section.


�  This scenario would be applicable for a LTE UL band adjacent to a UL narrow band without sufficient guard band. 





