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1. Introduction
This document looks at the specification and deployment issues relating to meeting regulatory and adjacent UL/DL spurious emissions limits. In these scenarios, we need to take into account of; the location of the operating channel, the 3rd order LO and Image OOB spurious emission, the channel bandwidth and the impact of transmitting the PUCCH at the edge of channel bandwidth. 

The current LTE specification, assumes a reasonable guard band is provided in the case of wider channels for UL/DL co-existence. However, we note this assumption may not be valid for some of the channels and operating bands being considered for LTE deployment. In order to support these scenarios, a restricted RB configuration would need to be deployed and in addition, an option of re-mapping the adjacent PUCCH channels may be necessary to maintain the link budget to meet a reasonable UE to UE adjacent UL/DL co-existence target performance  
2. Background
For adjacent UL/DL co-existence, in order to meet regulatory requirements from the edge of an operating band/channel, it is normal to specify a guard band and an associated spurious emission limit. The guard / protection band is usually specified as a fixed spectrum block and used to address UE to UE co-existence as well as Base station to Base station co-existence 

The UE emission domains for different channel bandwidth, as specified in TS36.101, for full RB allocation is shown in Table 2-1 below for the different channel bandwidths. 
Table 2-1 E-UTRA
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However, if we look at practical UL/DL deployment scenario as shown in Figure 2-1 below, we note the anticipated guard band falls significantly short of the emission domain as shown in Table 2-1. Furthermore, in these UL/DL deployment scenarios, the adjacent channel will fall within the UE RF pass-band of the UL duplex filter (shown in red). This indicates there is limited mitigation from the RF filter to reduce the emission domain to meet spurious emission targets for adjacent channel UE to UE co-existence.
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Figure 2-1: Impact on RF filter on spurious emission mitigation
For example, the RF filter stop band for 2 GHz is approximately 13-14 MHz and 6-7 MHz at 700/800 MHz and is driven by available filter technology factors. It is clear those operators with channel allocations at the end of the operating band would be impacted most. In the subsequent analysis, we focus on the Band 1 adjacent channel/band UL/DL scenario since this is common to most operators, but accept the same issues will also be applicable to other operating bands and deployment scenarios. 
2.1 Full RB allocation OOB emission spectrum
On option to meet a UL/DL scenario is to deploy a smaller UL Tx channel bandwidth or deploy a restricted RB configuration.  The general OOB emission scenario is shown in figure 2.1-1 below for a 5MHz & 10 MHz operating channel 
Figure 2.1-1
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For higher channel bandwidths the spurious domain would extend further inline with Table 2-1
2.2 Restricted RB OOB emission spectrum
One simple option for the 10MHz case would be to restrict the transmit power for the 1st (lowest frequency) 25 RB (12dBm) leaving the 2nd (highest frequency) 25 RB un-restricted (22dBm).  This solution would have a low impact on peak rate for moderate to heavily loaded cells as it would not be expected the total cell resources would be allocated to a single user at maximum output power [2]. This restricted 10MHz channel bandwidth RB OOB emission scenario is shown below in figure 2.2-1 below;
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Since OOB emission is a function of RB configuration {allocation, location and power} other possible RB restrictions can be realized to meet the required adjacent channel emission protection.  However, in order to deploy a restricted RB configuration two issues need to be considered as highlighted in [1]. These are the impacts of; 
a) OOB emission due to 3rd order IM of image and LO leakage which fall into the adjacent (often DL) channel
b) Impact of PUCCH control channel frequency hopping from channel edge RB
3. Image and LO OOB emission

OOB emission due to 3rd LO leakage and image components are normally part of the OOB spectrum emission while the in-band emissions are specified as part of the EVM requirements (-25dB for carrier leakage and image).  In the case of a restricted RB allocation the emission contributions need to be considered separately as the PUCCH channels may need to operate outside the restricted RB allocation to maintain link budget.
The 3rd components are shown below in figure 3-1  in the case of a single UL RB transmitted at the channel edge (PUCCH scenario) showing the image and LO spurious components which fall into the adjacent DL 5MHz channel . f1 is the transmitted RB configuration, f2-LO is the LO leakage component and f2-Image   is the Image component 
The spurious emission level is in the order of -30dBm/100kHz (-20dBm/1MHz) and would not be sufficient for a reasonable DL/UL emission target. For our analysis we have considered a target value of -50dBm/100kHz (-40 dBm/1MHz) taking into account no RF filter mitigation is available for the 2nd adjacent channel and assuming the 1st adjacent channel is used as a guard band.  This emission limit is similar to the value in TS25.102 for TDD protection to FDD in 2600MHz which is -37dBm/3.84 MHz (-53dBm/100kHz) and is identical to the value proposed for TDD user equipment for broadband data systems in the 2500MHz frequency band which is -40dBm/1MHz (-50dBm/100kHz) in the Public enquiry draft ETSI EN302 544-2 specification 
Note; for the general UE to UE co-existence scenario a tighter minimum requirement of -60dBm/100kHz (-50dBm/1MHz) is proposed as additional mitigation will be provided by the RF duplex filter
Figure 3-1
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Figure 3-1

3.1 
Image and LO OOB emission mitigation 

It is possible to take account of the 3rd order attributes indicated below to define a restricted RB template as shown in figure 3.1-1 taking into account the following;
a) The Image and LO spurious level is function of RB power and shows a 3:1 reduction with MPR applied to the transmitted RB
b) The spurious level is a function of the RB allocation.  Larger delta for 1 RB vs. 100 RB configuration due to the PSD
c) The Image emission bandwidth is 3xRB bandwidth.  For example, OOB emission bandwidth is 0.5MHz for 1RB and 9MHz for a transmitted configuration of 50 RB. The LO leakage emission bandwidth is always the same as the transmitted RB(s) bandwidth
d) Spurious location is a function of the location and move (2f2-f1) offset from each channel edge depending on the location of the transmitted RB
f) 
The Image and LO spurious emission bandwidth is approximately equal to the channel bandwidth. Hence, for a 10MHz channel this would be ~ 9MHz and for a 20MHz channel bandwidth this would extend to ~ 18MHz from the channel edge. 
An example of RB template to address the LO and Image emission mitigation is provided in figure 3.1-1. This template would be specific to a operating band, the location of the operator’s channel, the UL channel bandwidth and the available guard band. 
Figure 3.1-1 restricted RB template
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The result of Image and LO OOB emission for the above 10MHz template are shown below in Figure 3.1-2 for some of the above RB template scenarios. Note for this analysis the Image, LO and ALCR values {-28dB, ALCR of 35dB/3.84MHz} used are much tighter than that specified in TS36.101 
Figure 3.1-LO and Image emission for restricted RB configuration


However, the main problem is that a restricted RB configuration would require 6dB MPR for the lower RB (PUCCH channel) as shown in red in figure 3.1-1. This aspect is addressed in section 4 
4. Emission Control 
As PUCCH resources are located symmetrically at the edge of channel bandwidth, 3 possible options can be considered to address the mitigation needed for LO and Image spurious emissions.
4.1 Option 1: PUCCH De-boosting

A Power spectral density (PSD) mask is applied in the frequency domain and is specified on a per resource block (RB) bases. This reduced PSD is equivalent to a maximum Power Reduction (MPR) on a per RB or RB allocation basis. The main problem with this option, which is currently supported in the specification, is the reduction in link budget for the control channel (as a large MPR is needed) – so this option would only be possible if the cell size is reduced.  Additionally, the power control accuracy would be degraded, as the lower PUCCH channels are located on the RF filter edge. 
Figure 4.1-1


4.2 Option 2: Non-Uniform PUCCH De-boosting
This is an option which attempts to distinguish the power and error requirements for Type 1/1a/1b PUCCH (ACK/NACK) and Type 2/2a/2b (CQI + ACK/NACK).   This would exploit PUCCH hopping while minimizing PS-adjacent Tx power and provide some enhancements to link budget over option 1, however, power control accuracy would still be a problem, as well as link budget 

Figure 4.2-1

4.3 Option 3: Remapped PUCCH

This option would consist of re-mapping the lower PUCCH resources. However, this option is not supported in the current standard, and would require dedicated RRC signaling, E-UTRA band identifier, SIB (cell specific signaling or NS signaling.
Figure 4.3-1
Option 3 is a more generic flexible solution that can be used to address the many adjacent channel deployment scenarios in Band 1, 13, 7, 38 for FDD/TDD, PHS, PS  etc.  Previous analysis is for a 10 MHz channel bandwidth, so as the UL channel bandwidth is increased the solution has further merit. 
There will be some loss of frequency diversity gain compared with the normal operation, as the hopping range is reduced.  However, the expected power control accuracy should be significantly improved as the lower PUCCH channel is not located on the RF filter edge.  

5 Conclusion

This document looks at the specification and UE implementation issues relating to meeting regulatory and adjacent UL/DL spurious emissions limits taking into account the location of the operating channel, the I/Q and Image OOB emission, the channel bandwidth and impact of locating the PUCCH  at the channel bandwidth edge. 

Taking into account the lack of a reasonable guard band for most UL/DL adjacent scenarios and the need to support a restricted RB transmit configuration, it is proposed that RAN4 confirms the cited issues and if necessary informs other TSG of our findings, such that LTE can develop PUCCH emission mitigation options to address these deployment scenarios. These deployment scenarios are not unique and will probably form the majority of initial LTE deployment scenarios for some operators.
If these observations and concerns are shared by other companies, than RAN4 should inform other working groups of our findings such that the feasibility of adding an option of re-mapping the PUCCH channel in the specification could be considered 
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