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1 Introduction
This document discusses the UE to UE protection limits needed for the D2D communications from the adjacent channel when operating in the corresponding FDD UL band. In this document we review some of the protection requirement discussed in various forums; FCC 12-151, CEPT report 30 and 3GPP.

2 Background
The key co-existence scenarios which need to be considered in RAN4 are;
a) In-band emissions/interference from a co-located D2D transmission 
b) OOB emissions/interference for a co-located WAN (cellular) UE transmission
c) Narrow band blocker from a co-located PS narrow band transmission 

In this document we only consider b) i.e. the interference from a co-located WAN (cellular transmissions for the initial D2D bands [1] proposed for rel-12. During the study phase for the D2D work item, the RAN1 agreements was in D2D mode discovery and communications, a device would operate in half duplex FDD (HD-FDD) mode using the same UL frequency for both Tx and Rx. 

Choice of using the UL or DL band to place the D2D transmission would result in the classic UE to UE co-existence and in this case the impact would be on either the WAN cellular services or the D2D services. Some useful analysis of this UL or DL choice from [3] is copied below 


Downlink vs. Uplink. While public safety UEs normally have access to dedicated spectrum, commercial D2D UEs have to share the radio resources with existing cellular UEs in either paired frequency division duplexing (FDD) or unpaired time division duplexing (TDD) LTE networks. This leads to the question:  Which part of the radio resources should D2D transmissions utilize, downlink or uplink resources or both? 

Different choices lead to quite different interference situations. In particular, when D2D transmission utilizes downlink resources, a transmitting D2D UE may cause high interference to nearby co-channel cellular UEs receiving downlink traffic. In contrast, when D2D transmission utilizes uplink resources, the receiving D2D UE experiences strong interference from nearby co-channel cellular UEs transmitting uplink traffic.


Therefore in the case of D2D_communications mission critical services we observe the PS  D2D Rx will suffer from the classic UE to UE co-existence from other WAN transmission in the adjacent channel(s) 

Generally, in the case of interference to PS mission critical services or during an incident, it is likely that PS would take priority over commercial cellular traffic. Many FCC requirements for the 700/800MHz band also provide a high requirement in terms of interference protection.. However, it is questionable if this PS protection should be afforded for the PS D2D communication if deployed in the UL band. However, it would be prudent to ensure that PS services are not impacted by interference from co-located cellular user(s) during a major incident to ensure mission critical services are not affected 







3 Discussions 
3.1	D2D operating bands 
In RAN4 the following bands have be prioritized for D2D operation. The E-UTRA D2D designated bands are are shown below where the D2D UE receive frequency is the same as the D2D and normal cellular WAN UE transmit frequency. 
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In the following section we look at some of the requirements that have been proposed to address UE to UE co-existence which similar to the case when the D2D Rx is adjacent to normal cellular WAN UE transmit user 

3.2	FCC
If we consider [4] FCC 12-151 which looks at the adopted service rules for Service Rules for Advanced Wireless Services in the 2000-2020 MHz and 2180-2200 MHz Bands. In this case the protection limits to address the interference from the AWS-4 uplink to operations in the 1995- 2000 MHz band a protection limit of 70 + 10 log10 (P) at a 5MHz offset is required which is equivalent to -40dBm/MHz at a 5MHz offset. Some observations from [4] are highlighted below 

…. the interference from the AWS-4 uplink to operations in the 1995- 2000 MHz band is likely to be mobile-to-mobile interference, and is therefore probabilistic, meaning the probability of interference depends on the likelihood of the interfering and victim mobiles passing close enough to each other under the right conditions. However, determining that interference is probabilistic does not mean that it should be ignored; rather, it means that rules should be set to ensure that the probability of interference is reasonably low[footnoteRef:1].  To evaluate this probability, we make reasonable assumptions about interference and look at the separation needed between mobile devices to prevent interference with those assumptions. A larger resulting separation indicates a higher likelihood of interference.  [1:  In fact, this unpredictability of a mobile interferer makes this type of interference hard to identify and mitigate, so the probabilistic nature can make it more important to set rules to prevent it, not less.] 


….  As another reference point, 3GPP adopts a similar but more stringent level of 80 + 10 log10 (P) dB for the protection of mobile receivers from mobile transmitters in most cases[footnoteRef:2].  [2:   See LTE RF Standard for UEs at 68-71. (-50dBm / MHz is equivalent to 80 + 10 log10 (P)).] 



3.3	CEPT
The following discussion is captured from the CEPT report 30 for the 800MHz (B20) 

6.4.2.1      Derivation of BEM out-of-block baseline level for TS

The derivation of block-edge mask (BEM) out-of-block baseline levels for TS is based on the translation of the 
results previously derived for the 2.6 GHz band as documented in ECC Report 131 [7]. …. 

Figure 4 depicts a scenario involving adjacent-channel interference from TS to other TS in its near vicinity.
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The TS BEM baseline level for the 2.6 GHz band was calculated in ECC Report 131 through a study of the statistics of the out-of-block EIRP level, POOB , of an interfering TS located in the vicinity of a victim TS in a densely populated hot-spot.

It was concluded that, where the probability of collisions between victim and interferer packets can be taken into account (as among packet-based mobile broadband systems), a BEM baseline level of -15.5dBm/5MHz can be justified[footnoteRef:3]. Where the probability of collisions between victim and interferer packets cannot be taken into account, the corresponding BEM baseline level was calculated as -27dBm/ (5MHz) [3:  	This BEM baseline level is calculated based on the probability of collision between wanted packets and interferer packets at the victim receiver assuming a TDD uplink to downlink ratio of 1. Data destined for a receiver is assumed to be transmitted within a single packet of 2.5 ms duration over an interval of 20 ms (i.e., an activity factor of 12.5%).] 


In the course of the studies, it has been demonstrated that the above results can be translated to the 790-862 MHz band, by simply accounting for the reduced radio propagation path loss in comparison with that in the 2.6 GHz band. Specifically, given similar TS deployment geometries as envisaged in the 2.6 GHz band, and given that mean path- loss between two TSs increases with the square of the operating frequency[footnoteRef:4] one may conclude that the TS BEM baseline level, PTS, BL ( f 0 ), at an operating frequency of f0  MHz may be written (in the logarithmic domain) as [4:  For example, note that free-space path loss is given by -147.56 + 20 log10(f) + 20 log10(d) dB, where d is separation in metres and f is frequency in Hz.] 
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where PTS, BL (2.6 GHz) = -15.5 dBm/(5 MHz) where the probability of collisions between victim and interferer packets can be taken into account. So, for a nominal operating frequency of 820 MHz, we have
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Similarly, where the probability of collisions between victim and interferer packets cannot be taken into account, the TS BEM baseline level is
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In short, due to the reduced coupling loss at lower frequencies (and with all else being equal), the TS BEM baseline level appropriate for the mitigation of TS-TS interference in the 790-860 MHz band is roughly 10dB more stringent than that in the 2.6 GHz band



3.4 3GPP

[bookmark: _Toc368026324]In the case of UE to UE interference, we see from [4] TS36.101 sub clause 6.6.3.2 (Spurious emission band UE co-existence) , a default limit of -50dBm/1MHz emission limit is normally specified at the Tx antenna port for all the Rx E-UTRA Bands to avoid receiver desense in the case of co-location. 

Requirements are also specified when the above bands are carrier aggregated as per [4] TS36.101 Table 6.6.3.2A so this transmission configuration would also need to protect the Rx channel. Requirements are also specified in the case where the bands are carrier aggregated as per [1] so these intra and inter-band combinations as well as 2 UL configurations are also addressed 
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 [4] 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 700/800MHz PSNB device. 
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