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1. Introduction
In [1] we highlighted the issue of co-existence when allocating a high power transmission at the channel edge nearest a victim or protected band.  In particular, we note for these deployment scenarios the PUCCH would be transmitting at maximum power and would be located at the channel edge.  Reducing the power of the PUCCH transmissions to meet the required emission target would have a severe impact on coverage and system performance and is therefore not a realistic solution. 
Currently two options are being considered to address the impact of the PUCCH channel edge. These are; 

1) A symmetrical pseudo guard band at both channel edges, by over-provisioning the PUCCH allocation. 

2) An asymmetrical pseudo guard band by signalling the PUCCH channel location.

This document examines the issues for both options, summarise the RF mechanisms that need to be addressed and describes the outcome in the form of a required UL RB template. The intent of this contribution is to provide an informed view to RAN4 that would lead to an expedient solution for these deployment scenarios
LTE deployment is more likely to create more difficult scenarios for UL/DL co-existence due to wider channel allocations used and the need to co-exist with an increasing number of different technologies 

2. Background
2.1 Operating bands

If we look at some practical UL/DL deployment scenarios as shown in Figure 2-1 below, we note the anticipated guard band falls significantly short of the UE RF pass-band of the UL duplex filter (shown in red).  In order not to devalue the spectrum allocation and to allow usage of wider channel bandwidths for these edges of operating channels, LTE would need to provide a number of mitigating options. These mitigating techniques would be needed for initial deployment and could encompass Band 1, 7, 8 13, 33 and 38 depending on the operator’s spectrum holdings.
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Figure 2-1: UL/DL scenario for existing LTE operating bands
To address these LTE deployment scenarios would require the use of a restricted RB (allocation, location and power) to meet a reasonable co-emission target. Of course the other option is not to deploy the wider UL channel bandwidth.
2.2 Restricted RB allocation

One solution for the 10MHz case would be to restrict the transmit power for the RB(s) closest to the victim band leaving the further away RB(s) un-restricted.  This solution would have a lower impact on peak rate for moderate to heavily loaded cells as it would not be expected that the total cell resources would be allocated to a single user at maximum output power [2]. However, in order to deploy a restricted RB configuration two issues need to be considered as highlighted in [1]. 

a) Required adjacent channel emission target. 
b) Implementation issues associated with adjacent channel emissions. 

2.3 Adjacent channel emission target

Defining an appropriate emission target is dependant on a number of variables and the allowed impact on the victim / protected band. As we have seen in previous discussions on UE to UE co-existence the emission target can range from; 
· -60 dBm/3.84 MHz (-74 dBm/100kHz) WCDMA generic case in TS25.101

· -50 dBm/1MHz (-60dBm/100kHz) LTE generic case (handset to handset operation) in TS36.101 
And in the case of UL/ DL co-existence;
· -37dBm/3.84 MHz (-53dBm/100kHz) for TDD protection to FDD in 2600MHz in TS25.102
· -40dBm/1MHz (-50dBm/100kHz) in ETSI EN302 544-2 Public enquiry draft specification for TDD user equipment for broadband data systems in the 2500MHz frequency band 
·  -58dBm/1MHz (minimum coupling loss approach) CEPT SE42 emission target for 2600MHz band operation. Assumes 0dBi antenna gain 
· -18dBm/5MHz (-25dBm/1MHz) (Stochastic approach) CEPTSE42 emission target for 2600MHz band operation. Assume EIRP mask 
In this document we have used as our target assumption for UL/DL co-existence; 

· -40dBm/1MHz (-50dBm/100kHz) - handset to handset co-existence , realistic antenna losses
· UL Channel bandwidth is 10MHz. - Note requirements are more difficult for wider channel bandwidths
· Guard band (UL/ DL frequency separation) is 5MHz apart from, Band 13 where the guard band is 2 MHz. 

2.4 Adjacent channel emission mechanisms 
Depending on the emission target, the guard band and the channel bandwidth, two mechanisms need to be considered;
a) General emission resulting for PA non linearity which is a function of the RB and can be addressed by RB restriction {allocation, location and power}. Additionally, A-MPR mitigation can used to address PA linearity and MPR to maintain the PA linearity ACLR set point and reduce unwanted emissions from both PA / Modulator
b) Baseband modulator associated contributions due to RB Image and LO leakages due to direct conversion 3rd order IMD products. This unwanted emission is a function of channel bandwidth {5- 20 MHz} and RB offset (see figure 2.4-1). This mechanism can create a high power spurious emission of -30 dBm/100kHz (-20 dBm/1MHz). The spurious emission bandwidth would be ±4.5 MHz for a 5 MHz operating channel and ± 9 MHz for a 10 MHz operating channel at each channel edge.  This unwanted emission can be addressed by either a RB restriction (offset the RB from the interfering channel edge) or applying a large MPR (6-20 dB depending on implementation [1],[3]) Any MPR solution would not be acceptable in terms of PUCCH transmissions
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Figure 2.4-1; Image and LO 3rd Order out of channel spurious emissions (5MHz guard band)
3. Emission Control 
In the general case each physical uplink control channel (PUCCH) consists of a single physical resource block (PRB) pair comprising on PRB per slot located near each band edge. The ACK/NACK, SR, and CQI transmissions on PUCCH use up to +23dBm power levels (for Class 3 UE’s) which can contribute to spurious emissions (due to 3rd order IM of IQ imbalance, LO feed-through) that impact adjacent carriers with guard bands less than the larger carrier bandwidth. Such configurations are unlikely to meet the spurious emission target for UL/DL co-existence.  

To address this LO image emission, two options are currently being considered; 
3.1
Option 1: 10MHz: Over-provisioned PUCCH
In this approach, the number of PRBs allocated for PUCCH is over-provisioned (i.e. 
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or nRB-CQI is larger than nominally required) and then only the PUCCH PRBs farthest from each band edge (i.e., offset from either band-edge) are actually assigned for ACK/NACK, SR, and CQI/PMI/RI transmissions. Thus it appears as if the active PUCCH locations have been shifted away from the band edge by the same (symmetrical) frequency offset on each edge (see Figure 3.1-1)
 Unfortunately, the resulting over-provisioning on both the lower band-edge and upper band-edge results in PUSCH peak rate loss which can be quite large especially when over-provisioning is not needed on one of the band edges.  Also, due to the unnecessary symmetric PUCCH relocation, the PUCCH frequency diversity is reduced. A typical RB template for this option is shown in section 4.
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Figure 3.1-1 Over-provisioned PUCCH
3.2
Option 2: 10MHz: Re-mapping PUCCH or asymmetrical PUCCH
In this approach instead of using over-provisioning, the allocated PUCCH PRB pairs can be asymmetrically shifted from the band edges with a pair of appropriate and possibly non-identical frequency offsets (see Figure 3.2.1).  This approach does not require over-dimensioning of the size of 
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. Depending on the deployment scenario, the PRB offsets can be optimized to minimize the impact on PUSCH peak rate with improved PUCCH frequency diversity while addressing co-existence impacts. A typical RB template for this option is shown in section 4.
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Figure 3.2-1 Re-mapping PUCCH or asymmetrical PUCCH
4
RB template

In this section we show a typical RB template needed to support 10 MHz channel bandwidth with a 5 MHz guard band (Band 1, 7, 8, 33, 38) and a 2 MHz guard band (Band 13) deployment.  In both scenarios, the restricted RB {allocation, power location} shown are based on mitigation to address the issues described in section 2.4. This, of-course, would need to be verified by other companies. 
4.1
10MHz bandwidth / 5 MHz guard band (Band 1, 7, 8, 33, 38)
A typical RB template for the over provisioned PUCCH vs. an asymmetrical PUCCH allocation is shown below to meet a -50dBm/100kHz emission target.  Note the assumption is the protected or victim band is located on the left and 4 RB(s) are allocated for PUCCH at each edge.
Figure 4.1-1 RB Template for over-provisioned and asymmetrical PUCCH scenario (10MHz / 5MHz guard band)
[image: image1]
4.1.1
Over-provisioned PUCCH

This would create 3 separate PUSCH regions which the network scheduler must support. 

· Region 1 is required to address the large MPR needed to mitigate Image and LO 3rd IMD emissions. 

· Region 2 is for normal PUSCH operation 
· Region 3 is additional PUSCH channels resulting from the symmetric / mirroring mapping with over-provisioning.  

Key point as a result of the symmetric /mirror mapping there is a reduction in the maximum number of contiguous PUSCH RB which would result in a reduced peak rate and a reduction in PUCCH frequency diversity. Note this possibility of over provisioned PUCCH is allowed in the specification, however further work is needed to ensure to address a number of open issues in the allowed mapping and signalling.
4.1.2
Re-mapping or asymmetrical PUCCH

This would create 2 separate PUSCH regions which the network scheduler must support.  

· Region 1 is required to address the large MPR needed to mitigate Image and LO emission – same as over- provisioned case 
· Region 2 is for normal PUSCH operation and shows an increase in hopping bandwidth and PUCCH frequency diversity. 
Assuming peak rate is a function of available contiguous RB(s), this would imply an increase of 24% in PUSCH peak rate is possible over the over- provisioned case. 

The main benefit of this approach is it is possible to optimise PUCCH PRB offsets to minimize impact of PUSCH peak rate while addressing co-existence impacts For example, it is possible to set n_PRBoffset1 = 0 if no co-existence issues near the upper or lower band-edge or offset this independently to address different co-existence requirements on either channel edge (E.G. band 13 PS and GPS co-existence). Option 2 can be considered as a more flexible solution which encompasses option 1. 
4.2
10MHz bandwidth / 2 MHz guard band (Band 13)
A typical RB template for the over provisioned PUCCH vs. an asymmetrical PUCCH allocation is shown below for 10MHz channel bandwidth with a 2 MHz guard band required to meet a -50dBm/100kHz emission target. 

Figure 4.2-1 RB Template for over-provisioned and asymmetrical PUCCH scenario (10 MHz / 2MHz guard band)
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For Band 13 we see the increase in peak throughput is more significant. The number of RB at max power is unchanged (based on worst case edge) and assuming peak rate is a function of available contiguous RB, the peak rate has increased by 100% over the over- provisioned case (28 RB vs. 14 RB).  Adjacent channel emission for Plot 3 and 4 shown below 
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Figure 4.2-2:  Adjacent channel emission for the asymmetrical PUCCH scenario 
5
Conclusion 

This document examines the issues for allocation of a high power transmission at channel edge for edge of operating band scenarios, summaries the RF mechanisms that need to be addressed and describes the outcome for two PUCCH options in terms of required UE RB UL template. The two options being considered to address the impact of PUCCH transmission at the channel edge are; 

1) Over-provisioned the PUCCH allocation to create a pseudo guard band at both channel edge 

2) Signalling the PUCCH channel location in order to provide an asymmetrical PUCCH allocation

Both options can be used to address the spurious emission target needed for UL/DL co-existence scenario.
· Option 1 results in a more complex PUSCH scheduler allocation and suffers from a high peak throughput losses (24% to 100% depending on guard band) compared to option 2
· Option 2 reduces the eNodeB scheduler complexity, improves the frequency diversity and peak throughput Option 2 is also a more generic and flexible solution that can be used to address the many adjacent channel deployment scenarios and  is a more preferred solution.
 In this case, RAN4 needs to conclude which option provides the better long term solution to address these diverse spectrum issues that affect LTE deployment.
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