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1 Introduction

The current LTE specification, assumes a restriction for UL/DL co-existence for B1, B7 and B38, however, the exact restrictions are currently not specified in TS36.101. I.E   Table 6.6.3.2-1; Note: To meet these requirements some restriction will be needed for either the operating band or protected band 
This issue has been raised previously in R4 [1], [2], [3] and [4], however consensus was not reached on the applicable restrictions.  With the deployment of B7 in some CEPT countries and recent allocation of this spectrum in other countries, it is important that closure of this issue is reached as soon as possible.
This document looks at the release 8 specification issues relating to meeting CEPT recommendations. In this document we provide our views, noting any changes would need to address backward compatibility for those operators who have spectrum allocation near a UL/DL boundary 
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 or restricted block and an associated spurious emission limit (which is aligned with the receiver blocking performance). In the 2.6GHz Band one can identify 4 types of adjacent channel inter system interference. These are;
a) Base station to UE interference

b) UE to base station interference 

c) BS to BS interference 

d) UE to UE interference 

Category a) and b) are no different from adjacent channels which have the same duplex direction and can be dealt with normal deployment practise 
For c) BS to BS protection a restricted band is usually specified in conjunction with a combination of; antenna isolation, restricted BS Tx power and RF filtering to meet the defined Block Edge Mask (BEM). For 2.6GHz operation the restricted block is assumed to be 5MHz inline with various works in the different CEPT and ECC regulatory forums.   Since this is needed for BS to BS co-existence it should be possible to assume that the same restricted block is also available for the UE to UE case. For other regions where no guard band/restricted block is available we would need further analysis and interference mitigation for this form of deployment.
For d) UE to UE co-existence unlike the BS to BS scenario the impact is less severe as this is a probability function, depending on the frequency separation, geographical separation, antenna performance, transmit power and receive path loss for the two co-located terminals. In this document we will focus on category d) which is UE to UE coexistence. In this analysis we assume a 5MHz restricted block and consider the impact of different channel bandwidths. 
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. 
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Table 2-1: Boundary between E-UTRA ΔfOOB and spurious emission domain
However, if we look at practical UL/DL deployment scenario as shown in Figure 2-1 below, 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 2.6GHz is driven by available filter technology. Current state of the art BAW filter implementations require a 20MHz transition band. When temperature compensation becomes available in 2012++ timeframe this could possibly reduce to 10MHz with the associated performance benefits. One alternative approach to gain benefit for these future filter designs would be to redefine B38 operating band to 40MHz, however this possibility is not discussed in this contribution  

It is clear those operators with channel allocations at the end of the operating band as shown below would be impacted most in terms of emission (ALCR) and Rx performance (ACS/blocking) 
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Figure 2-2; Operators allocation for some ECC countries (edge of band highlighted)
For example, Country A, operator 1, 2, 3 and 4 would be impacted in terms of the emission requirements and channel bandwidth deployed. Similarly, for Country B, operator 8, 9 and 5 would also be impacted. Noting in both cases we have assumed a 5MHz restricted block (shown in grey) 
2.1 UE to UE co-existence
The main source of UE to UE interference occurs when there is close geographical proximity between a UE transmitter and a co located UE receiver. In this scenario (figure 2.1-1) the UE Tx OOB emission sums with the thermal noise floor of the UE Rx. 

[image: image3]
Figure 2.1-1 UE to UE interference scenario
The increase in noise power in the receiver requires an equal increase in desired signal power to maintain equivalent signal to-noise ratio (SNR) and thus causes a reduction in receiver performance. The interference due to OOB is a probability function, depending on the;
a) UE to UE coupling loss  

b) Emission target 

1. Full RB allocations - OOB

2. Single RB case - 3rd order IMD

c) Rx performance (Blocking / ACS)

d) System deployment aspects

1. Transmit power taking into account power control
2. The ratio of the Rx wanted signal to interfering Tx signal 

3. Scheduler control of  RB allocation, RB location and RB configured power
4. The ratio of the Rx wanted signal to interfering Tx signal 
2.1.1
UE to UE antenna coupling

The effect of UE-UE antenna coupling is calculated via a simple free-space loss assumption at a reference distance. Specifically, the UE-UE coupling loss is computed from the standard free-space loss equation
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where 
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 is the carrier frequency, 
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 are the UE transmit and receive antenna gains (including hand and head loss) respectively. Within 3GPP RAN 4 a figure of -8dBi is used for both 
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, and a coupling distance of 1-5m.
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Table 2.1-1: UE to UE coupling loss
As a result, and as reflected in Table 2.1-1, assuming a 1-5m UE-UE separation at 2000MHz gives a UE-UE coupling loss of 54 -68dB.
2.1.2
Emission target

As we have seen in previous discussions on UE to UE co-existence the emission target can range from; 

a) -60dBm/3.84MHz WCDMA generic case in TS25.101

b) -50dBm/1MHz LTE generic case (handset to handset operation) in TS36.101
c) -40dBm/1MHz for protection of adjacent extend PCS B2+G block 

d) -35 to -57dBm /6.25kHz protection of adjacent PSNB for Lower 700MHz  B13
e) -30dBm/300Hz for protection of adjacent PHS protection for B1
f) -37dBm/3.84MHz for TDD protection to FDD in 2600MHz in TS25.102

g) -30dBm/1MHz  for LTE operating bands due to 2nd or 3rd harmonic spurious emissions
And in the case of adjacent UL/ DL co-existence in [5] ECC Report 131 on the 2.6GHz band based on a stochastic approach;
h) Where the probability of a collision between victim and interfere packet cannot be taken into account, a BEM baseline of -27dBm/5MHz can be justified 

i) And furthermore, where the probability of collision between victim and interferer packets can be taken into account as it would be the case of two packet based mobile broadband systems, a BEM baseline level of -15.5 dBm/5MHz can be justified
j) Above requirements are defined as maximum mean EIRP

k) Note ECC report 131 also defines transition levels to accommodate filter roll off 

Observations; 

1. Some services such as PSNB, GPS, defence and radio astronomy require high availability and hence require significant protection limits for all scenarios. Other services can tolerate reduction in capacity (due to interference) for these scenarios based on a acceptable probability based of occurrence

2. Simple analysis based on deterministic approaches which assume worst case for all related parameters can lead to stringent requirements while others, like joint probability or stochastic approach can lead to more realistic parameters and help to maintain effective usage of spectrum with an acceptable loss of capacity. 

3. As the number of operating bands increase it is becoming impossible to maintain the -50dBm/1MHz approach for all bands so this is becoming an unrealistic expectation. For example a LTE UE is operating on Band 1 and it capable of roaming into region 1 and 3 would need to meet the co-existence emission requirement for bands {1, 3, 6, 7, 8, 9, 11, PHS, 18, 19, 20, 33, 34, 38 and 40}. For Rel-10 CA, the problem will become worse due to larger aggregated channel bandwidth.
4. LTE has sufficient flexibility to support different emission requirements via the NS_0X approach. In some cases this could be a simple A-MPR reduction e.g. NS_05 or in the case of more demanding  scenarios a NS_07 approach (over–provisioning PUCCH solution)
5. The required level and measurement bandwidth remain critical in case of small RB allocations. Currently 3GPP requirements are based on 1MHz emission bandwidth to address both the small RB and large RB allocation noting a 1MHz emission bandwidth is tighter than the specified ECC Report 131 5MHz measurement bandwidth  

Clearly there is no common approach in determining the emission requirements for protection of adjacent channel services since this is a function of the different assumptions used to define the impact of co-existence. In this document we have used as our target assumption ECC Report 131 as an initial target for UL/DL emission; 

-22.5dBm/1MHz to meet the -15.5dBm/5MHz BEM baseline as specified in - handset to handset co-existence Guard band (UL/ DL frequency separation) is 5MHz as per EEC Report 131
RAN4 needs to conclude if this BEM baseline requirement as discussed in ECC Report 131 will address the different operator deployment allocations, hence it is important that the stake holders are fully cogent of the different solutions and emission target and its implications

Since OOB emission is a function of RB configuration {allocation, location and power} we need to consider two scenarios; full RB allocation and single RB allocation for this emission target.
2.1.2.1
Full RB allocation OOB emission spectrum

Based on this ECC Report 131 BEM baseline emission requirement, we would need to apply A-MPR for very large RB allocations for 10, 15 and 20 MHz channel bandwidth operation from the UL/DL boundary as shown in figure 2.1.2-1. We estimate an A-MPR [~2dB for >X RB] is required for the UL. 
Note that this figure and also the following figures in this contribution do not consider any transition levels as defined in ECC Report 131 and hence the requirements assume a 5MHz restricted block 
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Figure 2.1.2-1:  20 MHz SEM FULL allocation (No AMPR)
5MHz channel allocation is show for comparison in figure 2.1.2-2. In this case we note that 5MHz deployment needs no A-MPR to meet the -22.5dBm/1MHz requirement (and easily exceeds the ECC Report 131 emission requirements). 
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Figure 2.1.2-2:  5 MHz SEM full RB allocations (No AMPR)

2.1.2.2
Single RB allocation OOB emission spectrum

For 10MHz channel bandwidth , the 3rd components are shown below in figure 2.1.2.2-1  in the case of a single UL RB transmitted at the channel edge (PUCCH scenario) shows the image and LO spurious components which fall into the adjacent DL channels. f1 is the transmitted RB configuration, f2-LO is the LO leakage component and f2-Image is the Image component 
The spurious emission level would not meet the ECC Report 131 BEM baseline emission target of 22.5dBm/1MHz.  To address this we would need at least ~2.5 dB MPR for 10, 15 and 20 MHz channel adjacent to UL/DL taking into account the 5MHz restricted block. Note this is not a problem for 5MHz channel allocation as the 3rd order image and LO would fall within the 5MHz guard band/restricted block
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Figure 2.1.2.2-1; 1 RB emission due to 3rd order image and LO
Even with a 2-3 dB 3GPP tighter ACLR, image and LO requirement it would not be possible to meet the ECC Report 131 BEM baseline emission target of -22.5dBm/1MHz for a single RB allocation for larger channel bandwidths (> 5MHz). To address this issue, the following options exist for those 10, 15 and 20MHz edge channel allocations;

1. Allow an A-MPR of ~ 2.5dB for low RB allocations for 10, 15 and 20MHz allocations. This may not be acceptable from a link level consideration since  this impacts the PUCCH control channel 

2. Reduce the Tx power by ~ [1] dBm for these specific 10, 15 and 20MHz allocations. Since IMD follows a 3:1 reduction in emission than this could meet the ECC report 131 BEM Baseline requirement.
3. Relax the emission requirement from -22.5dBm/1MHz to a lower value noting the ECC report 131 requirement of 22.5dBm/1MHz is specified as a radiated requirements and therefore it would seem reasonable to relax the conducted requirement in TS36.101 as the antenna gain is always negative

4. Restrict the channel bandwidth for some locations i.e. deploy a 5MHz as shown below in figure 2.1.2.2-2 so no A-MPR is needed and emission mask can be tighter  than ECC Report 131
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Figure 2.1.2.2-2:  5MHz channel bandwidth at some locations
2.1.3 Rx performance (ACS/Blocking)

Regarding the B38 TX level that B7 RX can tolerate.

· Desired signal = 20MHz BW at lower edge of B7 RX (2620-2640MHz)

· Restricted block = 5MHz upper edge of  B38  (2615-2620MHz)
· Blocker is centred in the 5MHz channel below the above GB (Fo = 2612.5MHz), modulated with LTE

· The duplexer does not attenuate this blocker aside from insertion loss
Figure 2.1.3-1 show the ACS / blocking considerations taking into account a 5MHz restricted block. In this case this scenario is similar to the in-band blocking Case 1 defined in TS36.101
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Figure 2.1.3-1:  ACS/Blocking considerations

In TS36.101, the wanted signal is specified as 9dB above QPSK 1/3 REFSENS for a 20MHz channel. It is assumed that interferer UE will have a maximum output power of +23 dBm. With a 5MHz guard band/restricted block the maximum level seen by the UE will be +23 dBm (Tx power) – 68 dB (UE coupling loss) = -45 dBm at a 5m separation. 
Although this level is larger than the specified in TS36.101 for In-band blocking Case 1 requirement (based on recent inputs on RFIC vendor’s performance for the B12 ad-hoc) we note this level should not present a problem bearing in mind the 3GPP specifications are minimum requirement  
One aspect of specifying a 5MHz restricted block is this block would provide some mitigation to address cross modulation (interferer Tx mixing with the own receiver transmitter leakage component to generate a cross modulation product). 
3 
Conclusion
In this document we provide our views and recommendations to expedite the availability of terminals supporting these bands. RAN4 needs to conclude if this BEM baseline requirements defined in ECC report 131 will address the different operator deployment scenarios, hence it is important that the stake holders are fully cogent of the different solutions. Based on the analysis in this document, the following changes may be needed for 36.101 releases 8

1. Consensus that we should define a 5MHz restricted block for region 1 for channel 15 and channel 25 inline with ECC Report 131

2. Specify an emission requirement for UE to UE co-existence for B7 ↔ B38 as –[x]dBm/1MHz  with a value slightly lower than ECC Report 131 for 10, 15 and 20MHz channel bandwidth (for edge of channel blocks only) taking into account  that the EIRP is < +23 dBm 
3. Restrict the channel bandwidth for some locations to avoid A-MPR and have a tighter emission mask. 
4. Allow a lower TX power for 10, 15 and 20MHz channel bandwidth for edge of channel block only

5. Specify a simple NS_0X solution for 10, 15 and 20MHz for edge of channel allocations. 
6. Specify the restricted UE Tx power for channel 15 and 24 inline with ECC Report 131

7. Consider if we should re-define B38 operating band to allow for future RF filter solutions
8. Others

We welcome feedback from other companies on the above proposal so consensus can be reached on these proposed  changes for release 8, noting any changes would also need to address backward compatibility
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