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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Currently, 3GPP has defined only Power Class UE 3 as the type of UE supported for TDD LTE band 41 operations. This definition was based on aligning TDD LTE Band 41 UE power classes with prior work in 3GPP related to other bands. However, it should be mentioned that 3GPP UE Power Class 3 definition (i.e. 23dBm) was mainly driven to ensure backward compatibility with prior technologies (i.e. GSM/UMTS) [2] so that network deployment topologies remain similar. Furthermore, maintaining the same power class UE definition (i.e. Class 3) as previous technologies would maintaining compliance with various national regulatory rulings, particularly in terms of SAR, for FDD LTE duplexing mode. 

However, TDD LTE band 41 does not have any 3GPP legacy technologies associated with it, hence the backward compatibility consideration is not applicable in its case. Also, since band 41 is defined as a TDD LTE band, it is less susceptible to SAR levels that FDD LTE bands due to SAR definition. Therefore, defining a new UE power class with higher than 23dBm Tx power for TDD LTE Band 41 operations would not compromise any of 3GPP foundational work, while improving UE and network performance. It should also be mentioned that 3GPP has done similar work on other bands (i.e. band 14) when defining a higher power class UE, hence the concept presented in this document is a continuation of that process.
This study item document carries out a feasibility analysis for defining a UE Power class 2 (i.e. 26dBm) for operation on TDD LTE band 41. The document analyses current and future technological advancements in the area of UE RF front-end components and architectures that enable such definition while maintaining 3GPP specification and other regulatory bodies’ requirements. It should be emphasized that this proposal only relates to single carrier UL operations on TDD band 41 (i.e. TM-1/2 modes) without affecting current 3GPP definition for UL carrier aggregation on band 41.

1
Scope

The scope of this study item is to evaluate the feasibility of increasing UL TX power in Band 41 from 23dBm +/-2dB (Power Class 3) to 26dBm +/-2dB (Power Class 2) as well as discuss impacts (if any) to other 3GPP bands and regulatory requirements.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 41.001: "GSM Release specifications".

[3]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".
[4]
3GPP R4-060470, “LTE UE power class”

[5]
3GPP TR 36.942, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”
[6]
TS36.104 v13.2.0, “E-UTRA; Base Station (BS) radio transmission and reception
[7] 
TR36.804 v1.2.0, “E-UTRA; Base Station (BS) radio transmission and reception”.
[8]
R4-158342, “HPUE simulation anomalies”, Sprint, Intel, CMCC, Qualcomm, Ericsson, Alcatel-Lucent.
[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

It is preferred that the reference to 21.905 be the first in the list.

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Background

4.1
Justification
4G LTE is in general an UL constrained technology mainly due to differences on Tx powers between DL and UL, number of antennas deployed in eNB versus UEs, and other technological aspects of the technology. To that end, 

TDD LTE Band 41 coverage is UL limited as indicated in TR 36.824.  Link budget analysis indicates a delta of up to ~5dB between DL and UL, depending on network deployment parameters. Therefore, , increasing UL Tx power on UE side would reduce the link budget differences between DL and UL, hence increasing TDD LTE band 41 coverage, which results in significant network deployment savings. RF simulation tool evaluation shows up to ~30% increase in TDD LTE Band 41 coverage area from 3dB increase in UL Tx power. Therefore, it is important/critical to pursue means to improve UL transmit power. 

This study analyses such enabling technologies to meet the Band 41 power increase needs as well as any performance impacts to other 3GPP bands and regulatory requirements.

4.2 
Objective

· The study is limited to evaluating  the transmission and reception impact and values for single carrier UL operation for Band 41 E-UTRA UE Power Class 2 (+26 dBm) 
· Assess Band 41 HPUE impact on the performance of licensed bands other than band 41. 
· The study item needs to take into account the co-existence and compatibility of LTE systems deployed in the 2.5 GHz band. e.g. ACLR/ OOBE
· Assess Band 41 power class 2 potential impacts to TDD/FDD carrier aggregation band combinations
· Study the impact and potential values for  the Core RF requirements for RAN4 E-UTRA specifications for TDD Band 41
· Study to maintain the same co-existence impact as Band 41 power class 3 in terms of throughput/OOB emissions from the B41 HPUE to adjacent band through tighter requirements for the HPUE where applicable
· Study the use of new power amplifier models to minimize the impact to AMPR and with minimal impact to battery life.
· Study impact on eNode B blocking requirements
5
Deployment and Coexistence Studies

5.1 

General
5.2
Band 41

5.3
Band 7
The RF front end architecture for a given smartphone design depend on various factors, including the required configuration and performance targets. 

For the UE architectures with dedicate power amplifier modules for each band and power class, enabling power class 2 on Band 41 does not have any performance impacts to Band 7. The most common architecture found in Figure 5.3-1  is currently present in many smartphone implementations, including Tier 1 OEMs which already use separate TDD and FDD Tx chains on power class 3 UEs for better performance. 
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Figure 5.3-1 . Separate Power Amplifier Modules

Qorvo and Skyworks have indicated no band 7 performance impacts due to the use of power class 2 on Band 41 in implementations with separate FDD and TDD TX chains. 

Where a shared power class 2 power amplifier is used across TDD and FDD high frequency bands, the 3dB back-off may incur a 2.4% to 3% efficiency degradation. A degradation of ~3% in efficiency with Power class 2 supporting shared band solutions at 23dBm is equivalent to a degradation resulting from an additional 0.25dB extra post-PA loss due to mismatch, filter contour non-idealities, additional trace or coupler losses, implementation of harmonic or coexistence filtering, etc. This efficiency degradation may be further mitigated through improvements to matching networks and reduction in filter insertion losses.
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Figure 5.3-2.Shared Power Amplifier Module

 The impact of enabling class 2 operation in the common power amplifier architecture, Figure 5.3-2 is well within the variation caused by design choices made by the UE manufacturer.  Furthermore, it should be mentioned that when such option is selected, FDD LTE band 7 of power class 3 implementation could benefit by offering close to +25dBm at antenna port (i.e. close to power class 3 upper limit definition), which would increase coverage and improve overall user experience on band 7.
5.4 
Band 38

5.5 Impact to TDD/FDD carrier aggregation band combinations
Current B41-related CA requirements only apply to B41 Power Class 3 UE operation. B41 Power Class 2 UE can operate in B41 related CA only in Power Class 3 fallback mode, which must meet the current B41-related CA requirements.  As long as the current B41-related CA requirements are met, implementations supporting both B41 single carrier Power Class 2 and Power Class 3 CA requirements using Power Class 3 fallback mode are not precluded.
CA Requirements for B41 in Power Class 2 can be identified by separate CA+HPUE WIs for each combination, after completion of B41 Power Class 2 single carrier specification.
5.6
WiFi

For WiFi coexistence, HPUE terminals must provide at least the level of protection given the 2.4GHz unlicensed band that is in current terminals. If there is any throughput degradation in current power class 3 devices, power class 2 devices shall not perform any worse
5.7
Regulatory Requirements

5.7.1
MS Transmitt Power

5.7.2
UE Emission Limits

5.8
Co-existence and compatibility of LTE systems deployed in the 2.5 GHz band

5.8.1 
Simulation assumptions
5.8.1.1  
Macro cell Propagation model

5.8.1.1.1 
Macro cell Propagation model - Urban and Suburban Areas
The propagation model is a derived from TS 36.942
Considering a carrier frequency of 2.6 GHz and a base station antenna height of 15 m above average rooftop level, the propagation model is given by the following equation:
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where:

R is the base station-UE separation in kilometres
5.8.1.1.2 
Macro cell Propagation model - Rural Area
The propagation model is a derived from TS 36.942
For rural area, the Hata model in [3] is not applicable for a carrier frequency of 2.6 GHz, while the modified Hata model can be used [5]:
Case 1:
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Case 2:

d  0.6 km
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where: d is the base station-UE separation in kilometres
5.8.1.2
Power Control Modelling

In TS 36.942 the transmit power is solely based on the coupling loss between the UE and the eNB. The maximum power is capped by Pmax which is the maximum power of the UE. The UE output power formula in TS 36.942 is shown in Equation 5.8.1.2-1
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Figure 5.8.1.2-1 - 36.942 UE output power
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Equation 5.8.1.2-1 - TS 36.942 UE output power                                     

Where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax.  Finally, 0<(<=1 is the balancing factor for UEs with bad channel and UEs with good channel
As can be seen in Figure 5.8.1.2-1  the transmit power follows a linear line from minimum to maximum transmit power based on the coupling losses modelled in the simulation. The slope and position of the line for a particular cell layout depends on the chosen values of ( and CLx-ile, respectively. 
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Figure 5.8.1.2-2 - 36.942 UE output power

As seen in Figure 5.8.1.2-2  there are two basic regions that are modelled in [5] one is the region where the eNB optimizes the UE power and the other is at cell edge where the UE transmits at full power.  At the edge of the cell the UEs are using maximum power to use allocated RBs to transmit as much traffic as possible.  In the region where power is reduced the UE is not using maximum power because power control is reducing power to match conditions (pathloss, #RBs, MCS) and minimize interference.  

There are two fundamental reasons why eNB constrains UE output power.  One is that capacity constraints prevent allocation of enough RBs to fully utilize UE’s Tx power – UE is at max UL MCS, otherwise MCS could be increased.  The other reason is that the UE does not have enough offered traffic to use all RBs available at peak potential spectral efficiency – UE is using smaller allocations and/or lower MCS than could potentially be supported. If additional traffic, RBs, and MCS capability existed for this UE, the scheduler would be using the remaining power to use the RBs or increase the MCS, and send more traffic.
Regardless of the power class of the UE, this region of the power control curve will be identical, as it is the necessary power to use the available RBs to transmit the offered traffic and have them received at the correct power spectral density. Since neither power class UE is at maximum power in this region of the curve, there is no reason for one to be transmitting more power than the other during the identical system conditions. The extra power in the Class 2 UE only comes into play in the maximum power region. 

5.8.1.2.1 
The fact that UE is not using full power means that the useful power is limited by available traffic, available RBs, and/or is already at its maximum UL MCS scheme. Power Control Simulation Reflects Deployments

Figure 5.8.1.2.1-1  demonstrates that the power control modelling in [5] is representative of the UE behaviour in deployments.  The shape of the power control model curve has the same general shape as the polynomial curve fit to the deployment power usage data.  While a more complex statistical model of offered traffic and scheduler behaviour could potentially reflect the real usage more accurately, this model is sufficient to capture the average behaviour when properly parameterized.

This shows that implementations are using the same two regions modelled in TS 36.942. Namely the power controlled regions and the max power region. 
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Figure 5.8.1.2.1-1 - Example Real-World Measured UE output power
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Figure 5.8.1.2.1-2 – Simulation Power Control Curve

5.8.1.2.2 
Parameter Values Choices

The goal for simulation is to choose the best model parameters to place the model curve close to the behaviour of represented network.  Figure 5 shows how the extra power from the Class 2 UE comes into play in the maximum power region of the power control curve. To maintain the power control region of the curve in the same position, the CLx-ILE parameter would need to change. Not doing this will cause undesired effects in the simulation as discussion in Section 5.8.1.2. 
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Figure 5.8.1.2.2-1 -  HPUE Power Curve Extensions

5.8.1.2.3 
Scenario 1 – UL Cell Throughput below Maximum Capacity
This is a case where a sector is not fully loaded and the UL grants are not limited by resource availability.  The system throughput is limited by offered traffic, which means that the eNB scheduler is likely to leave some UL RBs unallocated. Alternately, the scheduler may allocate more RBs to each UE, but use more power-efficient MCS.
In the Maximum Power Region, UEs are link budget limited, so HPUEs will use their higher power to get throughput closer to offered traffic rate. In this case the UE throughput is limited by the available UE power, the available RB’s and the ability of the UE to transmit the MCS needed to meet the minimum cell edge data rate. 

Within the power controlled region UEs will transmit offered traffic at less than full power. The higher maximum power capability of HPUEs may allow higher peak MCS for traffic bursts. However this will leave more RB’s unused, thus the average UE power for a class 2 UE will be very similar to a class 3 UE. 

From a simulation perspective the effect is higher power in the maximum power region and the same UE output power for class 2 and class 3 UEs in the power controlled region.  This is modelled by setting Pmax for class 2 UE’s to 26 dBm and setting CLx-ile for class 2 UE’s 3 dB more than the class 3 value.  

5.8.1.2.4 
Scenario 2 – UL is at Max Cell Capacity, all RBs Utilized

In this scenario the cell is operating at maximum capacity, given scheduling priorities and UE link budgets. All of the RB’s are being utilized on the cell and all of the allocations use the maximum achievable spectral efficiencies (MCS). 

As in the unloaded scenario described in section 5.8.1.2.3 UEs are link budget limited and the HPUEs use the increased power to get throughput closer to the offered traffic rate.   In this region there is a power differential between the class 2 and class 3 UE’s. 

In the power control region UE output power is limited because capacity constraints result in UEs being granted smaller allocations than they could potentially use.  The scheduler grants the maximum MCS supported by the UE. The same RF environment and resource limitations exist for the class 2 UE and the class 3 UE, thus both classes of UE’s will transmit at the same power.  From a simulation perspective the effect is higher power in the maximum power region and the same UE output power for class 2 and class 3 UEs in the power controlled region.  This is modeled by setting Pmax for class 2 UE’s to 26 dBm and setting CLx-ile for class 2 UE’s 3 dB more than the class 3 value.  

5.8.1.2.5 
Increasing only Pmax Introduces Unjustified Side Effect

Increasing only the Pmax parameter without a corresponding increase in CLx-ile shifts the entire power control curve.  This is just an artifact of the model, with no basis in reality.
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As demonstrated in section 5.8.1.2.4 if the cell is at maximum capacity, UEs in power control region are limited by RB availability and MCS capability.  Additional maximum power will not be usable. If cell is not at maximum capacity, UEs in power control region are limited by offered traffic.  Additional maximum power may provide faster bursts and more DTX, but average power will not increase. No scheduler parameter changes will alter these limits
Table 5.8.1.2-1: CLx-ile parameters for +23 dBm UE
(a) CLx-ile parameters for +23 dBm UE using 0.75 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	109
	112

	Set 1’
	1
	117
	120

	Set 2
	0,8
	133
	137


(b) CLx-ile parameters for +23 dBm UE using 2.8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	133
	136

	Set 2
	0,8
	149
	153


(c) CLx-ile parameters for +23 dBm UE using 6 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	117
	120

	Set 2
	0,8
	132
	136


(d) CLx-ile parameters for +23 dBm UE using 8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	122
	124

	Set 2
	0,8
	136
	140


Table 5.6.1.2-2:CLx-ile power control algorithm parameters for +26 dBm UE
(a) CLx-ile power control algorithm parameters for +26 dBm UE using 0.75 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	112
	115

	Set 1’
	1
	120
	123

	Set 2
	0,8
	137
	141


(b) CLx-ile power control algorithm parameters for +26 dBm UE using 2.8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	136
	139

	Set 2
	0,8
	153
	157


(c) CLx-ile power control algorithm parameters for +26 dBm UE using 6 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	120
	123

	Set 2
	0,8
	136
	140


(d) CLx-ile power control algorithm parameters for +26 dBm UE using 8 km inter-site distance and 2.6 GHz carrier frequency

	Parameter set
	Gamma
	Modified CLx-ile

	
	
	20 MHz bandwidth
	10 MHz bandwidth

	Set 1
	1
	125
	127

	Set 2
	0,8
	140
	144


5.8.1.3 
Cell Layout

Base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius (see Figure 5.8.1.3-1), with wrap around. The number of sites shall be equal to or higher than 19 [3]. Uncoordinated macro cellular deployment is assumed, where interfering UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference).
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Figure 5.8.1.3-1: Uncoordinated macro cellular deployment

The inter-site distances considered in this study are provided in Table 5.8.1.3-1 below.
Table 5.8.1.3-1: Inter-site distances and Propagation model
	Environment 
	ISD (KM)
	ISD (miles) 

	Urban 
	.75
	.47

	Suburban 
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5


5.8.1.4

Other Simulation Assumptions

Other simulation assumptions are summarized in Table 5.8.1.4-1 below:

Table 5.6.1.4-1: Simulation parameters for Band 41 system 
(a) With 23 dBm UE

	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz, 10 MHz

	Inter-site distance
	Use Table 3.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)

80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
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 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB


(b) With 26 dBm UE

	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	10 MHz

	Inter-site distance
	Use Table 2.1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)

80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
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 = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	26 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942

ACLR1: 30+X, ACLR2: 43+X
Where X is 1 dB

	ACS
	45 dB
	27 dB


Simulations should assume the worst case of 100% HPUEs in the scenarios with HPUEs.

5.8.1.5

Simulation Procedure

For the co-existence study, the following procedure shall be performed:

1)
Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to section 5.8.1.4. Power control parameters in section 5.8.1.2 are used. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41victim system performance degradation results in this scenario are used as the baseline.

Provide a CDF plot of UE transmit power.

2)
Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in Tables 5.8.1.4-1 (a) and 5.8.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in section 5.8.1.2 are used for the victim and interfering system, respectively.

Provide a CDF plot of UE transmit power.

3)
Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).

5.8.2 Simulation Results 
RAN4 agreed on a set of ACLR modelling assumptions at RAN4#77, these were submitted at RAN4#78.  The summary [2] of the ACLR modelling results is shown in the table 1 below…  

	Table 1 Summary of ACLR simulations (additional E-UTRA ACLR needed)

	
	20 MHz
	10 MHz

	ISD
	Avg
	5th percentile
	Avg
	5th percentile

	
	
	
	
	

	750 meter
	0.36
	0.83
	0.16
	0.14

	2.8 km
	0.65
	0.61
	0.18
	0.00

	
	
	
	
	

	6 km
	0.31
	0.42
	0.72
	0.00

	
	
	
	
	

	8 km
	0.15
	0.09
	0.37
	0.00

	
	
	
	
	


It was observed from these simulation results that, with the assumptions agreed in RAN4 #77, 1 dB more stringent E-UTRA ACLR is sufficient to protect the adjacent channel to the same level as class 3 UE’s. The explanation for the parameters used in the simulations can be found in section 5.8.1.  
A value of 31 dB for E-UTRA ACLR, is all that is needed for HPUE. These values will be used when HPUE CR’s are created.
5.6.2
Simulation Results

5.7 Additional Coexistence Scenarios
5.10.1 
The impact of B41 HPUE on BS blocking requirements
5.10.1.1 
BS in-band blocking
In the current TS36.104 [6], in-band blocking requirements for B41 are specified based on different scenarios:
Wide Area BS with interfering signal mean power level of -43dBm;
Medium Range BS with interfering signal mean power level of -38dBm;
Local Area BS with interfering signal mean power level of -35dBm;
Home BS with interfering signal mean power level of -27dBm.
Due to the intention of HPUE is to enhance the uplink coverage and the current deployment status for B41, the Wide Area BS is the typical scenario to be chosen for evaluating the impact of HPUE on in-band blocking requirement. The existing requirement of -43dBm is a compromise between the 30dBm MOP and 24dBm MOP assumption in 36.942 under the worst MCL condition [7]. In order to check the B41 HPUE’s impact on BS the in-band blocking, co-existence studies in uplink for E-UTRA system are required. 
In RAN4 #76bis meeting, the system level simulation methodology and assumptions for coexistence study on new Band 41 UE power class supporting +26 dBm was approved in [4]. The power control (PC) settings are further discussed in RAN4 #77 meeting and the modified PC parameters are approved in [8]. In this contribution, this agreed simulation methodology and assumptions provided in Section 5.6.1 are reused for in-band blocking evaluation.
The CDF curves are provided for the total received interference power level in 20MHz bandwidth at the own system base stations in other system operating frequency (blocking scenario) from all other system terminals, using the agreed scenarios for urban, suburban and rural areas respectively (Figure 1 to Figure 4). In order to demonstrate the impact of HPUE, power class 2 and power class 3 UEs are assumed in the interfering system respectively for comparison. In order to observe directly, the values at 99.99% point of the CDF curves for the total received interference from Band 41 HPUE are captured in Table 5.10.1.1-1 for different scenarios and PC sets. As illustrated from Figure 5.10.1.1- 1~5.10.1.1 -4 and Table 5.10.1.1- 1, it can be observed that 
- Negligible difference of the total received interference power level in 20MHz bandwidth at the own system base stations in other system operating frequency, between the scenarios with power class 2 and power class 3 UEs deployed in the interfering system.
- Table 1 shows that 99.99% of the total received interference levels are less than -43.9dBm which meets the current minimum BS in-band blocking requirement of -43dBm for Wide Area BS.
Therefore, it is proposed that B41 HPUE has no impact on the existing BS in-band blocking requirements.
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Figure 5.10.1.1- 1 . CDF of B41 eNB received blocking signal from B41 power class 2 and power class 3 UEs (Urban: ISD = 750m)
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Figure 5.10.1.1-2. CDF of B41 eNB received blocking signal from B41 power class 2 and power class 3 UEs (Suburban: ISD = 2.8km)
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Figure 5.10.1.1-3. CDF of B41 eNB received blocking signal from B41 power class 2 and power class 3 UEs (Rural: ISD = 6km)
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Figure 5.10.1.1- 4. CDF of B41 eNB received blocking signal from B41 power class 2 and power class 3 UEs (Rural: ISD = 8km)
Table 5.10.1.1-1: 99.99% point of B41 eNB received blocking signal level from Band 41 HPUE

	
	Scenario
	Power control parameters
	Blocking for 99.99% probability

	B41 HPUE
	Urban: 

ISD = 750m
	1
	Gamma = 1, CLxile = 112dB
	-43.9dBm

	
	
	1’
	Gamma = 1, CLxile = 120dB
	-44.7dBm

	
	
	2
	Gamma = 0.8, CLxile = 137dB
	-56.4dBm

	
	Suburban:

ISD = 2.8km
	1
	Gamma = 1, CLxile = 136dB
	-46.7dBm

	
	
	2
	Gamma = 0.8, CLxile = 153dB
	-57.2dBm

	
	Rural:

ISD = 6km
	1
	Gamma = 1, CLxile = 120dB
	-54dBm

	
	
	2
	Gamma = 0.8, CLxile = 136dB
	-64.1dBm

	
	Rural:

ISD = 8km
	1
	Gamma = 1, CLxile = 125dB
	-55.1dBm

	
	
	2
	Gamma = 0.8, CLxile = 140dB
	-65.2dBm


5.10.1.2 
BS out-of-band blocking
Among the existing operating bands specified in the current specification, the nearest BS receiver of FDD band adjacent to B41 is B30 with 181MHz distance between B41 UE TX and B30 BS RX. As for TDD band, the nearest BS receiver is B40 which is 96MHz away from B41 UE TX. Therefore, requirement for the out-of-band blocking level received at BS side due to B41 HPUE can be maintained as well as the B41 power class 3 UE, hence no additional BS out-of blocking requirement is introduced due to B41 HPUE.  
5.10.2 
Additional simulation assumptions 

The simulation parameters in section 5.10.2.1 and the corresponding simulation results in section 5.10.2.2 are included in this TR for informational purposes, and should not be used in the determination of ACLR requirements.
5.10.2.1 Scenario A1: Expanded cell size in aggressor network vs. conventional cell size in victim network
5.10.2.1.1
General
In this scenario, HPUE is considered as a useful feature for extending the cell size, which would help operators reduce number of deployed BSs
5.10.2.1.2 
Macro cell propagation model
Follow the model in section 5.8.1.1
5.10.2.1.3 
Power control parameters
For each of the four ISDs, use the power control parameter set 1 for 20MHz bandwidth defined in Table 5.8.1.-1 and Table 5.8.1.-2. These parameters are copied in Table 5.10.2.1.3-1 and Table 5.10.2.1.3 -2 as below.

Note: Only the power control parameter set 1 and 20MHz bandwidth are proposed for the purpose of reducing simulation case.

Table 5.10.2.1.3-1: Power control parameters for +23 dBm UE, Scenario A1

(a) Parameters for +23 dBm UE with 0.75 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	109


(b) Parameters for +23 dBm UE with 2.8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	133


(c) Parameters for +23 dBm UE with 6 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	117


(d) Parameters for +23 dBm UE with 8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	122


Table 5.10.2.1.3-2: Power control parameters for +26 dBm UE, Scenario A1
(a) Parameters for +26 dBm UE with 0.75 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	112


(b) Parameters for +26 dBm UE with 2.8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	136


(c) Parameters for +26 dBm UE with 6 km ISD 

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	120


(d) Parameters for +26 dBm UE with 8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 1
	1
	125


5.10.2.1.4
Cell layout

In the evaluation, base stations with 3 sectors per site are placed on a hexagonal grid, with wrap around. The number of sites for both victim and aggressor system shall be equal to or higher than 19. Uncoordinated macro cellular deployments are assumed in the evaluation. Particularly, two kinds of uncoordinated macro cellular deployments, i.e., uncoordinated macro cellular deployment – A and B, are assumed in the simulation procedure Step (1) and Step (2) in Section 5.10.2.1.6, respectively.

· Uncoordinated macro cellular deployment - A

For the uncoordinated macro cellular deployment – A, the same cell layout used in Section 5.6.1.3 is assumed, where aggressor UE may be at cell edge of the serving base station but close to the victim base station (hence transmitting with highest power and causing highest interference). Specifically, the identical cell layout for both victim and aggressor system shall be applied, with worst case shift between sites. Second network’s sites are located at the first network’s cell edge, as shown in Figure 5.10.2.1.4-1. 
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Figure 5.10.2.1.4-1: Uncoordinated macro cellular deployment - A
The inter-site distances for uncoordinated macro cellular deployment - A are provided in Table 5.10.2.1.4-1 below.

Table 5.10.2.1.4-1: Inter-site distances for uncoordinated macro cellular deployment - A
	Environment 
	ISD of victim system and aggressor system(km)

	Urban 
	.75

	Suburban 
	2.8

	Rural
	6

	Rural
	8


Uncoordinated macro cellular deployment - B
For uncoordinated macro cellular deployment – B, different cell sizes will be assumed for victim and aggressor system. Specifically, the aggressor system with HPUE utilized has bigger cell size than the victim system with normal UE utilized, as demonstrated in Figure 5.10.2.1.4-2. 
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Figure 5.10.2.1.4-2: Uncoordinated macro cellular deployment - B

In particular, the inter-site distances for uncoordinated macro cellular deployment - B are provided in Table 5.10.2.1.4-2 below.

Table 5.10.2.1.4-2: Inter-site distances for uncoordinated macro cellular deployment - B
	Environment 
	ISD of victim system (km)
	ISD of aggressor system (km) 

	Urban 
	.75
	0.9

	Suburban 
	2.8
	3.36

	Rural
	6
	7.32

	Rural
	8
	9.76


Note 1: the method to calculate the ISD of aggressor system is as follow:

With 3dB increase in UE maximal Tx power, the coverage of the HPUE system can be extended. The following criteria is used to set the cell radius of the HPUE system:

PL (cell_radius_of_HPUE) = PL (cell_radius_of_normal_UE) + 3dB

PL (cell_radius_of_HPUE) is the path-loss when the HPUE and base station separation equals to its cell radius.

PL (cell_radius_of_normal_UE) is the path-loss when the normal UE and base station separation equals to its cell radius.

As a result:

For Urban and Suburban environments, the ISD of aggressor system = 1.2 times of the ISD of victim system.

For Rural environments, the ISD of aggressor system = 1.22 times of the ISD of victim system.
Note 2: Considering the aggressor ISD and victim ISD is 1.2 R or 1.22 R  and R respectively, the offset between the center BS of aggressor system and the center BS of victim system equals to that when both aggressor and victim ISDs is R, as illustrated in Figure 5.10.2.1.4-2.
5.10.2.1.5
Other simulation assumptions

The assumptions in section 5.8.1.4 are followed with the following exceptions:

Channel bandwidth: 20 MHz only

Note: For the purpose of reducing simulation case.

· ISD: use Table 5.10.2.1.4-1 and Table 5.10.2.1.4-2 in section 5.10.2.1.4.
Table 5.10.2.1.5-1: Simulation parameters for Band 41 system 

(a) With 23 dBm UE

	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
[image: image37.wmf]dB

3

q

 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


(b) With 26 dBm UE

	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
[image: image38.wmf]3

dB

q

 = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	26 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


5.10.2.1.6
Simulation procedure

Follow the procedure in section 5.8.1.5: 

1)
Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to Table 5.10.2.1.5-1(a) in section 5.10.2.1.5. Power control parameters in Table 5.10.2.1.3-1 in section 5.10.2.1.3 are used. The cell layout follows the uncoordinated macro cellular deployment - A specified in section 5.10.2.1.4. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41 victim system performance degradation results in this scenario are used as the baseline.

Provide a CDF plot of UE transmit power.

2)
Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in Table 5.10.2.1.5-1(a) and Table 5.10.2.1.5-1(b) are used for the victim and interfering system, respectively. And the power control parameters in Table 5.10.2.1.3-1 and Table 5.10.2.1.3-2 in section 5.10.2.1.3 are used for the victim and interfering system, respectively. The cell layout follows the uncoordinated macro cellular deployment - B specified in section 5.10.2.1.4.

Provide a CDF plot of UE transmit power.

3)
Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).

5.10.2.2
Scenario A2: Conventional cell size in aggressor/victim network with modified CLx-ile values
5.10.2.2.1
General
In this scenario, HPUE is considered as a useful feature for improving the cell edge throughput performance. Different CLx-ile values will result in different levels of cell edge throughput increase by HPUE.

5.10.2.2.2
Macro cell propagation model

Follow the model in section 5.8.1.1.

5.10.2.2.3
Power control parameters

Table 5.10.2.2.3-1: Power control parameters for +23 dBm UE, Scenario A2

(a) Parameters for +23 dBm UE with 0.75 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	107

	Set 4B
	1
	103


(b) Parameters for +23 dBm UE with 2.8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	128

	Set 4B
	1
	125


(c) Parameters for +23 dBm UE with 6 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	112

	Set 4B
	1
	108


(d) Parameters for +23 dBm UE with 8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	116

	Set 4B
	1
	112


Table 5.10.2.2.3-2: Power control parameters for +26 dBm UE, Scenario A2
(a) Parameters for +26 dBm UE with 0.75 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	110

	Set 4B
	1
	106


(b) Parameters for +26 dBm UE with 2.8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	131

	Set 4B
	1
	128


(c) Parameters for +26 dBm UE with 6 km ISD 

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	115

	Set 4B
	1
	111


(d) Parameters for +26 dBm UE with 8 km ISD

	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth

	Set 4A
	1
	119

	Set 4B
	1
	115


5.10.2.2.4
Cell layout

The cell layout in section 5.8.1.3 is followed, and inter-site distances are copied in Table 5.10.2.2.4-1 below.

Table 5.10.2.2.4-1: Inter-site distances and Propagation model
	Environment 
	ISD of aggressor/victim system (km)

	Urban 
	.75

	Suburban 
	2.8

	Rural
	6

	Rural
	8


5.10.2.2.5
Other simulation assumptions

The assumptions in section 5.8.1.4 are followed with the following exceptions:

· Channel bandwidth: 20 MHz only

Note: For the purpose of reducing simulation case.

Table 5.10.2.2.5-1: Simulation parameters for Band 41 system 
(a) With 23 dBm UE

	 
	Base Station
	UE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz

	Inter-site distance
	Use Table 5.10.2.2.4-1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
[image: image39.wmf]dB

3

q

 = 65 degrees, 

Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


(b) With 26 dBm UE

	 
	Base Station
	HPUE

	Carrier frequency
	2600 MHz

	Channel bandwidth
	20 MHz

	Inter-site distance
	Use Table 5.10.2.2.4-1

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	Antenna gain and horizontal antenna pattern
	
17 dBi, 
[image: image40.wmf]dB

3

q

 = 65 degrees, Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	26 dBm

	Antenna height
	45 m
	1.5 m

	ACLR
	45 dB
	Use Table 5.2 in TR 36.942
ACLR1: 30+X, ACLR2: 43+X

Where X is 1 dB

	ACS
	45 dB
	27 dB


5.10.2.2.6
Simulation Procedure
Follow the procedure in section 5.8.1.5: 
1)
Run the Band 41 UL to UL coexistence study, assuming parameters of both systems are according to Table 5.10.2.2.5-1(a) in section 5.10.2.2.5. Power control parameters in Table 5.10.2.2.3-1 in section 5.10.2.2.3 are used. This corresponds to the coexistence of two commercial networks operating in adjacent channel and with similar deployment parameters. This is used as the reference. Band 41 victim system performance degradation results in this scenario are used as the baseline.

Provide a CDF plot of UE transmit power.
2)
Run the Band 41 UL to UL coexistence study, assuming +26 dBm power class UE is deployed in Band 41 interfering system only, and obtain the victim system performance degradation results. The simulation parameters in 5.10.2.2.5-1(a) and 5.10.2.2.5-1(b) are used for the victim and interfering system, respectively. And the power control parameters in Table 5.10.2.2.3-1 and Table 5.10.2.2.3-2 in section 5.10.2.2.3 are used for the victim and interfering system, respectively.

Provide a CDF plot of UE transmit power.
3)
Compare the Band 41 victim system performance degradation obtaining in steps 1) and 2), choose the 26 dBm UE ACLR value so that the victim system performance degradation due to 26 dBm UE in 2) is the same as 1).
5.10.3 Simulation results
5.10.3.1
Simulation results for scenario A1
Table 5.10.3.1-1 summarizes the results for scenario A1 based on the simulation results from section 5.10.3.1.1 to section 5.10.3.1.6.
Table 5.10.3.1-1: Simulation results summary for scenario A1
	PC set
	Company
	Required ACLR tightening (dB) for different victim/aggressor ISDs

	
	
	Urban 0.75/0.9km
	Suburban 2.8/3.36km
	Rural 6/7.32km
	Rural 8/9.76km

	1
	China Telecom
	0.87
	0.79
	0.77
	1.01

	
	Ericsson
	0.01
	NA
	NA
	0.53

	
	Huawei
	0.46
	0.00
	0.00
	0.00

	
	Qualcomm
	1.98
	1.14
	1.94
	1.73

	
	Average
	0.83
	0.64
	0.90
	0.91


5.10.3.1.1
China Telecom simulation results 

The simulation results for expanded cell size scenario (scenario A1) are summarized in Table 5.10.3.1.1-1. 

Table 5.10.3.1.1-1. Simulation results for scenario A1

	ISD of victim/aggressor 
	PC set
	Percentage of Ptx > 23dBm (Note 1) 
	Cell average loss
	Cell edge loss
	Required ACLR tightening (dB)

	
	
	
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	

	750/900m
	1
	6.27%
	3.86%
	4.44%
	3.76%
	4.65%
	5.03%
	3.50%
	0.87

	2.8/3.36km
	1
	3.29%
	6.40%
	6.96%
	6.23%
	9.00%
	9.17%
	6.85%
	0.79

	6/7.32km
	1
	2.62%
	4.70%
	5.27%
	4.51%
	7.92%
	8.46%
	6.93%
	0.77

	8/9.76km
	1
	2.20%
	5.91%
	6.74%
	5.96%
	10.60%
	11.18%
	9.75%
	1.01

	Note 1: Percentage of UEs transmitting above 23dBm in aggressor system


Based on the above simulation results, it can be observed that in expanded cell size scenario (scenario A1), 1 dB ACLR tightening is required for Band 41 UE supporting +26 dBm power class.

5.10.3.1.2
Ericsson simulation results

· ISD = 0.75/0.9 km, 20 MHz channel bandwidth
[image: image41.emf]
Figure 5.10.3.1.2-1: UE transmit power CDF for scenario A1, set 1, 0.75 km inter-site distance for 23dBm and 0.9 km inter-site distance for 26dBm 

Table 5.10.3.1.2-1: B41 UL degradation due to B41 23dBm and B41 26dBm, 0.75 km inter-site distance for 23dBm and 0.9 km inter-site distance for 26dBm 

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm 
	B41 UL degradation due to B41 26dBm

	
	Power control set 1
	Power control set 1

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.709
	6.643
	1.71
	6.64

	+1
	NA
	NA
	1.55
	6.31

	+2
	NA
	NA
	1.33
	6.31

	+3
	NA
	NA
	1.15
	5.88

	+4
	NA
	NA
	1.03
	5.84

	+5
	NA
	NA
	0.90
	5.81


· ISD = 8/9.76 km, 20 MHz channel bandwidth

[image: image42.emf]
Figure 5.10.3.1.2-2: UE transmit power CDF for scenario A1, set 1, 8 km inter-site for 23dBm distance 9.76 km inter-site distance for 26dBm 

Table 5.10.3.1.2-2: B41 UL degradation due to B41 23dBm and B41 26dBm, 8 km inter-site for 23dBm distance 9.76 km inter-site distance for 26dBm 
	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm 
	B41 UL degradation due to B41 26dBm

	
	Power control  set 1
	Power control  set 1

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	0.34
	3.26
	0.35
	3.26

	+1
	NA
	NA
	0.33
	3.25

	+2
	NA
	NA
	0.32
	2.21

	+3
	NA
	NA
	0.29
	2.21

	+4
	NA
	NA
	0.25
	1.86

	+5
	NA
	NA
	0.25
	1.86


5.10.3.1.3
Huawei simulation results 

The simulation is performed to evaluate the coexistence between HPUE and normal UE by the metrics of transmit power CDF and Throughput loss. The simulation results below are for the four cases of urban, sub urban, rural with extended and normal radius. Note that for throughput loss figures, the solid markers show the legacy LTE coexistence throughput loss by legacy ACLR requirement.

· Urban-0.75&0.9km
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Figure 5.10.3.1.3-1: Urban-750m for scenario A1

· Sub-urban-2.8&3.36km
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Figure 5.10.3.1.3-2: Sub-urban-2.8&3.36km for scenario A1

· Rural-6&7.32km
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Figure 5.10.3.1.3-3: Rural-6&7.32km for scenario A1

· Rural-8&9.76km
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Figure 5.10.3.1.3-4: Rural-8&9.76km for scenario A1

5.10.3.1.4
Qualcomm simulation results 

Figure 5.10.3.1.4-1 shows the UE tx power distribution considering the new ISD proposed for Scenario A1 for all the simulated environments. As it can be observed, and as expected, with the ISD the UL power for the aggressor system is around 3dB higher (mean value). However it is worth noticing that the interferer level at the base station victim due to adjacent channel interference is not exactly 3dB higher compared to the case in which ISD is the same for aggressor and victim system. This is simply due to the fact that the aggressor UE - victim BS distance distribution is not the same in the two cases.

A summary of the simulation results obtained is shown in Table 5.10.3.1.4-1. As it can be observed the ACLR tightening needed is always less than 2dB. 
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Figure 5.10.3.1.4-1: UE Tx power distributions for Scenario A1
Table 5.10.3.1.4-1: ACLR tightening needed by power class 2 UEs in Scenario A1
	
	
	ACLR Tightening Needed - PC Set 1 - 20MHz

	Scenario
	ISD victim
	ISD aggressor=ISD victim
	ISD aggressor from Scenario A1

	Urban
	750m
	<=0.8dB
	<=2dB

	SubUrban
	2.8km
	<=0.1dB
	<=1.3dB

	Rural
	6km
	<=0.1dB
	<=2dB

	Rural
	8km
	<=0.1dB
	<=1.9dB


5.10.3.2
 Simulation results for scenario A2
Table 5.10.3.2-1 summarizes the results for scenario A2 based on the simulation results from section 5.10.3.2.1 to section 5.10.3.2.6.
Table 5.10.3.2-1: Simulation results summary for scenario A2
	PC set
	Company
	Required ACLR tightening (dB) for 
different CLx-ile values

	
	
	Urban 0.75km 
	Suburban 2.8km 
	Rural 
6km
	Rural 
8km

	4A
	China Telecom 
	1.00
	0.58
	0.79
	1.01

	
	Nokia 
	0.64
	0.65
	0.87
	0.64

	
	Ericsson
	0.55
	NA
	NA
	0.43

	
	Huawei
	0.76
	0.26
	0.77
	0.77

	
	Qualcomm
	0.89
	0.67
	1.01
	0.89

	
	Samsung
	0.69
	0.43
	0.63
	0.56

	
	Average
	0.76
	0.52
	0.81
	0.72

	4B
	China Telecom
	2.01
	0.84
	1.00
	0.97

	
	Nokia 
	1.85
	1.01
	1.00
	1.00

	
	Ericsson
	1.59
	NA
	NA
	0.87

	
	Huawei
	NA
	NA
	NA
	NA

	
	Qualcomm
	1.86
	1.03
	1.46
	1.37

	
	Samsung
	0.97
	0.74
	0.85
	1.55

	
	Average
	1.66
	0.91
	1.08
	1.15


5.10.3.2.1
China Telecom simulation results
The simulation results for different power control parameters in scenario A2 are summarized in Table 5.10.3.2.1-1.
Table 5.10.3.2.1-1: Simulation results for scenario A2
	ISD
	PC set
	Percentage of Ptx > 23dBm (Note 1) 
	Cell average loss
	Cell edge loss
	Required ACLR tightening (dB)
	Cell edge throughput gain for aggressor by HPUE (Note 2)

	
	
	
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	23dBm X=0dB
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	
	

	750m
	4A
	5.04%
	3.64%
	4.05%
	3.46%
	-
	3.90%
	4.83%
	3.90%
	-
	1.00
	0.94%

	2.8km
	
	5.47%
	6.94%
	7.40%
	6.57%
	-
	10.73%
	12.52%
	9.18%
	-
	0.58
	2.24%

	6km
	
	4.67%
	4.29%
	4.70%
	4.05%
	-
	6.59%
	7.90%
	6.20%
	-
	0.79
	0.66%

	8km
	
	4.67%
	5.04%
	5.46%
	4.75%
	-
	8.08%
	9.92%
	8.12%
	-
	1.01
	0.65%

	750m
	4B
	11.60%
	3.06%
	3.66%
	3.10%
	2.63%
	3.13%
	4.86%
	4.00%
	3.17%
	2.01
	4.03%

	2.8km
	
	10.20%
	6.88%
	7.57%
	6.73%
	-
	11.48%
	15.00%
	10.33%
	-
	0.84
	3.30%

	6km
	
	10.58%
	4.49%
	5.11%
	4.50%
	-
	4.12%
	5.56%
	4.12%
	-
	1.00
	4.90%

	8km
	
	10.67%
	4.48%
	5.14%
	4.46%
	-
	7.03%
	9.25%
	6.79%
	-
	0.97
	5.30%

	Note 1: Percentage of UEs transmitting above 23dBm in aggressor system

Note 2: Cell edge throughput gain for aggressor system by the introduction of 26dBm HPUE


Based on the simulation results, we can observe:
The percentage of UEs transmitting above 23dBm is around 5% and 10% respectively for PC Set 4A and 4B.

For ISD=0.75km, it requires around 1dB of ACLR tightening for Set 4A, and around 2dB of ACLR tightening for Set 4B.

For ISD=2.8/6.0/8.0km, it requires around 1dB of ACLR tightening for Set 4A/4B.

Moreover, the cell edge throughput gain for aggressor system by the introduction of HPUE is also provided in Table 5.10.3.2.1-1, and it can be observed that:

For PC Set 4A, the gain of cell edge throughput is less than 1% for most cases. 

For PC Set 4B, the gain of cell edge throughput is around 5%.
5.10.3.2.2
Nokia simulation results
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset offset (with different power control parameter sets) for 0.75 km inter-site distance are shown in Figure 5.10.3.2.2-1 below.
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	ACLR offset X [dB]
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	Average throughput loss (23 dBm interfering UE)
	2.51%
	

	5%-tile throughput loss (23 dBm interfering UE)
	2.77%
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(a) With Power Control Parameter Set 4A
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	ACLR offset X [dB]
	0
	1
	2

	Average throughput loss (23 dBm interfering UE)
	2.35%
	
	

	5%-tile throughput loss (23 dBm interfering UE)
	2.46%
	
	

	Average throughput loss (26 dBm interfering UE)
	2.65%
	2.33%
	2.05%

	5%-tile throughput loss (26 dBm interfering UE)
	3.71%
	2.96%
	2.36%


(b) With Power Control Parameter Set 4B

Figure 5.10.3.2.2-1: For 0.75 km inter-site distance

The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 2.8 km inter-site distance are shown in Figure 5.10.3.2.2-2 below.

[image: image57.emf]UE transmit power (dBm)

-40 -30 -20 -10 0 10 20 30

C

D

F

 

(

%

)

0

10

20

30

40

50

60

70

80

90

100

23dBm UE

26dBm UE


	ACLR offset X [dB]
	0
	1

	Average throughput loss (23 dBm interfering UE)
	2.10%
	

	5%-tile throughput loss (23 dBm interfering UE)
	14.71%
	

	Average throughput loss (26 dBm interfering UE)
	2.19%
	1.99%

	5%-tile throughput loss (26 dBm interfering UE)
	15.57%
	14.18%


(a) With Power Control Parameter Set 4A
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	ACLR offset X [dB]
	0
	1
	2

	Average throughput loss (23 dBm interfering UE)
	2.59%
	
	

	5%-tile throughput loss (23 dBm interfering UE)
	16.19%
	
	

	Average throughput loss (26 dBm interfering UE)
	2.76%
	2.51%
	2.30%

	5%-tile throughput loss (26 dBm interfering UE)
	17.60%
	16.20%
	15.00%


(b) With Power Control Parameter Set 4B

Figure 5.10.3.2.2-2: For 2.8 km inter-site distance
The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset offset (with different power control parameter sets) for 6 km inter-site distance are shown in Figure 5.10.3.2.2-3 below.
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	ACLR offset X [dB]
	0
	1

	Average throughput loss (23 dBm interfering UE)
	1.13%
	

	5%-tile throughput loss (23 dBm interfering UE)
	0.83%
	

	Average throughput loss (26 dBm interfering UE)
	1.22%
	1.05%

	5%-tile throughput loss (26 dBm interfering UE)
	1.06%
	0.79%


(a) With Power Control Parameter Set 4A
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	ACLR offset X [dB]
	0
	1

	Average throughput loss (23 dBm interfering UE)
	1.06%
	

	5%-tile throughput loss (23 dBm interfering UE)
	0.90%
	

	Average throughput loss (26 dBm interfering UE)
	1.23%
	1.06%

	5%-tile throughput loss (26 dBm interfering UE)
	0.98%
	0.80%


(b) With Power Control Parameter Set 4B
Figure 5.10.3.2.2-3: For 6 km inter-site distance

The CDFs of the UE transmit power as well as the victim system UL throughput loss Vs ACLR offset (with different power control parameter sets) for 8 km inter-site distance are shown in Figure 5.10.3.2.2-4 below.
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	ACLR offset X [dB]
	0
	1

	Average throughput loss (23 dBm interfering UE)
	1.24%
	

	5%-tile throughput loss (23 dBm interfering UE)
	1.35%
	

	Average throughput loss (26 dBm interfering UE)
	1.35%
	1.17%

	5%-tile throughput loss (26 dBm interfering UE)
	1.54%
	1.20%


(a) With Power Control Parameter Set 4A
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	ACLR offset X [dB]
	0
	1

	Average throughput loss (23 dBm interfering UE)
	1.24%
	

	5%-tile throughput loss (23 dBm interfering UE)
	0.95%
	

	Average throughput loss (26 dBm interfering UE)
	1.43%
	1.24%

	5%-tile throughput loss (26 dBm interfering UE)
	1.62%
	0.94%


(b) With Power Control Parameter Set 4B

Figure 5.10.3.2.2-4: For 8 km inter-site distance

5.10.3.2.3
Ericsson simulation results 

• ISD = 0.75 km, 20 MHz channel bandwidth
[image: image63.emf]   [image: image64.emf]
Figure 5.10.3.2.3-1: UE transmit power CDF for scenario A2, set 4A (left) and 4B (right), 0.75 km inter-site distance 

Table 5.10.3.2.3-1: B41 UL degradation due to B41 23dBm and B41 26dBm, 0.75 km inter-site distance

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm 
	B41 UL degradation due to B41 26dBm

	
	Power control  set 4A
	Power control  set 4B
	Power control  set 4A
	Power control  set 4B

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	1.34
	5.05
	1.93
	3.96
	1.5
	6.02
	1.96
	5.22

	+1
	NA
	NA
	NA
	NA
	1.14
	4.15
	1.62
	4.57

	+2
	NA
	NA
	NA
	NA
	1
	3.74
	1.24
	3.48

	+3
	NA
	NA
	NA
	NA
	0.99
	2.32
	1.16
	3.33

	+4
	NA
	NA
	NA
	NA
	0.8
	2.22
	0.94
	3.14

	+5
	NA
	NA
	NA
	NA
	0.72
	2.21
	0.8
	3.13


•
 ISD = 8 km, 20 MHz channel bandwidth
[image: image65.emf]   [image: image66.emf]
Figure 5.10.3.2.3-2: UE transmit power CDF for scenario A2, set 4A (left) and 4B (right), 8 km inter-site distance
Table 5.10.3.2.3-2: B41 UL degradation due to B41 23dBm and B41 26dBm, 8 km inter-site distance

	E-ACLR offset X (dB)
	B41 UL degradation due to B41 23dBm 
	B41 UL degradation due to B41 26dBm

	
	Power control  set 4A
	Power control  set 4B
	Power control  set 4A
	Power control  set 4B

	
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	0
	0.65
	3.13
	0.93
	4.42
	0.67
	3.13
	0.99
	4.43

	+1
	NA
	NA
	NA
	NA
	0.62
	2.74
	0.92
	3.53

	+2
	NA
	NA
	NA
	NA
	0.47
	1.9
	0.8
	3.53

	+3
	NA
	NA
	NA
	NA
	0.44
	1.77
	0.63
	2.82

	+4
	NA
	NA
	NA
	NA
	0.38
	1.35
	0.58
	2.82

	+5
	NA
	NA
	NA
	NA
	0.38
	1.33
	0.57
	2.82


5.10.3.2.4
Huawei simulation results
The simulation is performed to evaluate the coexistence between HPUE and normal UE by the metrics of transmit power CDF and Throughput loss. The simulation results below are for the four cases of urban, sub urban, 6km rural and 8km rural. Note that for throughput loss figures, the solid markers show the legacy LTE coexistence throughput loss by legacy ACLR requirement.
•
Urban-750m
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Figure 5.10.3.2.4-1: Urban-750m for scenario A2 (set 4A)

Sub-urban-2.8km
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  Figure 5.10.3.2.4-2: Sub-urban-2.8km for scenario A2 (set 4A)

Rural-6km
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Figure 5.10.3.2.4-3: Rural-6km for scenario A2 (set 4A)

Rural-8km
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Figure 5.10.3.2.4-4: Rural-8km for scenario A2 (set 4A)

5.10.3.2.5
Qualcomm simulation results
Table 5.10.3.2.5-1 summarizes the percentage of UEs transmitting more than 23dBm in Scenario A2. The table also shows a comparison with the PC set 1 adopted in the previous simulations. As it can be observed, the number of UEs exploiting power higher than 23dBm can go up to about 29%.

Table 5.10.3.2.5-1: Percentage of UEs transmitting more than 23dBm in Scenario A2
	
	
	Percentage of UEs transmitting more than 23dBm

	Scenario
	ISD victim
	Set 1
	Set 4A
	Set 4B

	Urban
	750m
	6.78%
	9.99%
	19.32%

	SubUrban
	2.8km
	3.91%
	10.97%
	18.03%

	Rural
	6km
	3.93%
	11.28%
	21.42%

	Rural
	8km
	4.18%
	11.77%
	22.21%


A summary of the simulation results obtained is shown in Table 5.10.3.2.5-2. As it can be observed the ACLR tightening needed is always less than 2dB.

Table 5.10.3.2.5-2: ACLR tightening needed by power class 2 UEs in Scenario A2
	
	
	ACLR Tightening Needed in Scenario A2 - 20MHz

	Scenario
	ISD victim
	Set 1
	Set 4A
	Set 4B

	Urban
	750m
	<=0.8dB
	<=1dB
	<=1.9dB

	SubUrban
	2.8km
	<=0.1dB
	<=0.5dB
	<=1.1dB

	Rural
	6km
	<=0.1dB
	<=1dB
	<=1.5dB

	Rural
	8km
	<=0.1dB
	<=1dB
	<=1.3dB


5.10.3.2.6
Samsung simulation results
The simulation results for Scenario A2 are summarized as Table 5.10.3.2.6-1. 
Table 5.10.3.2.6-1: Simulation results for scenario A2
	PC Set
	ISD
	Gamma
	CLx-ile
(23dBm/

26dBm)
	Percentage of Ptx > 23dBm
	Average loss
	5%-tile loss

	
	
	
	
	
	23dBm X=0dB
(baseline)
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	26dBm X=3dB
	26dBm X=4dB
	26dBm X=5dB
	23dBm X=0dB
(baseline)
	26dBm X=0dB
	26dBm X=1dB
	26dBm X=2dB
	26dBm X=3dB
	26dBm X=4dB
	26dBm X=5dB

	PC4A
	750m
	1
	107/110
	6.58%
	1.83%
	2.09%
	1.70%
	1.36%
	1.06%
	0.84%
	0.67%
	1.32%
	1.42%
	1.11%
	0.92%
	0.74%
	0.63%
	0.54%

	
	2.8km
	1
	128/131
	7.48%
	1.73%
	1.83%
	1.58%
	1.36%
	1.16%
	1.00%
	0.85%
	6.95%
	7.46%
	6.06%
	5.05%
	4.20%
	3.35%
	2.64%

	
	6km
	1
	112/115
	7.47%
	1.00%
	1.12%
	0.91%
	0.74%
	0.61%
	0.51%
	0.41%
	0.49%
	0.55%
	0.45%
	0.31%
	0.23%
	0.17%
	0.14%

	
	8km
	1
	116/119
	7.79%
	1.48%
	1.65%
	1.33%
	1.06%
	0.84%
	0.70%
	0.56%
	0.92%
	1.00%
	0.71%
	0.54%
	0.43%
	0.33%
	0.26%

	PC4B
	750m
	1
	103/106
	13.87%
	1.27%
	1.58%
	1.26%
	0.97%
	0.76%
	0.60%
	0.48%
	1.34%
	1.58%
	1.28%
	1.05%
	0.88%
	0.60%
	0.41%

	
	2.8km
	1
	125/128
	12.90%
	2.04%
	2.22%
	1.93%
	1.66%
	1.43%
	1.23%
	1.05%
	10.77%
	11.73%
	10.39%
	8.42%
	7.02%
	5.64%
	4.91%

	
	6km
	1
	108/111
	15.48%
	0.77%
	0.92%
	0.74%
	0.60%
	0.48%
	0.37%
	0.29%
	0.48%
	0.56%
	0.44%
	0.37%
	0.32%
	0.25%
	0.18%

	
	8km
	1
	112/115
	15.93%
	1.01%
	1.21%
	0.98%
	0.80%
	0.65%
	0.53%
	0.42%
	0.75%
	1.05%
	0.86%
	0.65%
	0.52%
	0.44%
	0.32%


Based on the additional simulation results, it can be observed:

For average throughput loss, 1 dB of additional ACLR is enough to guarantee the same level of performance degradation, at least for PC set 4A and 4B. 

For 5%-tile throughput loss, around 1 dB of additional ACLR is enough to guarantee the same level of performance degradation, at least for PC set 4A and 4B (except the case of ISD=8km and PC set B).
6
B41 HPUE transmitter characteristics 

[Editor’s note:  The following clause numbers align with TS36.101 v12.7.0]
6.1
General

6.2
Transmit power

6.2.1
Void

6.2.2
UE maximum output power

6.2.3
UE maximum output power for modulation / channel bandwidth 

6.2.4
UE maximum output power with additional requirements 

6.2.5
Configured transmitted power

6.3
Output power dynamics

6.3.1
(Void)

6.3.2
Minimum output power

6.3.3
Transmit OFF power

6.3.4
ON/OFF time mask

6.3.5
Power control

6.4
Void

6.5

Transmit signal quality

6.5.1
Frequency error

6.5.2
Transmit modulation quality

6.6
Output RF spectrum emissions

6.6.1
Occupied bandwidth

6.6.2
Out of band emission

6.6.2.1
Spectrum emission mask

6.6.2.2
Additional spectrum emission mask 

6.6.2.2.2
Minimum requirement (network signalled value "NS_04")
6.6.2.3
Adjacent Channel Leakage Ratio 

6.6.2.3.1
Minimum requirement E-UTRA

6.6.2.3.2
Minimum requirements UTRA 

6.6.3
Spurious emissions

6.6.3.1
Minimum requirements

6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands. 

6.7
Transmit intermodulation

7

B41 HPUE receiver characteristics 

[Editor’s note:  The following clause numbers align with TS36.101 v12.7.0]

7.1
General

7.2
Diversity characteristics

7.3
Reference sensitivity power level

7.4
Maximum input level

7.5
Adjacent Channel Selectivity (ACS)

7.6
Blocking characteristics

7.6.1

In-band blocking

7.6.2

Out-of-band blocking

7.6.3
Narrow band blocking

7.7
Spurious response

7.8
Intermodulation characteristics

7.8.1
Wide band intermodulation

7.9
Spurious emissions

7.10
Receiver image

8

Other specification impacts (if applicable)

8.1
Impacts on RAN1 specifications

8.2.1
Signalling of the maximum output power of the UE

8.2.2
Power Headroom reporting
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4
Examples for Styles

The main text of the document should start here, after the above clauses have been added.

The following styles and editing techniques are aimed to help in the formatting of the document using the 3GPP Template: 3GPP_70.dot, available from the 3GPP FTP site (ftp://ftp.3gpp.org/Information).

4.1
Heading Styles

Heading styles are included in the 3GPP TS Template and are used as follows:

Do not use any built-in automatic numbering for 3GPP documents. Although this is sometimes useful in the early drafting stages of a document, once the document has been placed under change control, the clause numbering needs to be fixed in order to keep cross-reference consistency as the 3GPP specification set develops.

Heading 1:
Used for Main clauses (1, 2, 3, etc.). Also used for Annex clauses (A.1, A.2, etc.).

Heading 2:
Used for Main clauses (4.1, 4.2, 5.1, 5.2, etc.). Also used for Annex clauses (A.1.1, A.1.2, etc.).

Heading 3:
Used for 2nd level clauses (4.1.1, 4.1.2, 5.1.1, 5.1.2, etc.). Also used for Annex clauses (A.2.1.1, A.2.1.2, etc.).

Heading 4 & 5:
Used for 3rd and 4th level clauses and Annex clauses.

Heading 6 & 7:
Not used, instead use style "H6" so that the title appears in the document, but does not appear in the Table of Contents.

Heading 8:
Used for Main Annex titles in Specifications (3G TS) (e.g. Annex A (normative): ).

Heading 9:
Used for Main Annex titles in Reports (3G TR) (e.g. Annex A: ).

4.2
Other common styles

Normal:
Used for main document text.

NO:
Used for Notes in the text (Allows Tab and Indent). See example below.

NW:
Same as NO, but Without line space after. Used when there are many notes in sequence.

NOTE 1:
This is an example of a note formatted in style NW. The style is designed to allow space for note numbering and line wrap with a hanging indent. There is no line space after.

NOTE 2:
This is an example of a note formatted in style NO. The style is designed to allow space for note numbering and line wrap with a hanging indent. There is a line space after.

Bullet styles:
The following bullet styles are provided.

B1:
Bullet level 1 for main bullet points.

B2:
Bullet level 2 for sub bullets.

B3-B5:
for further sub bullets.

NOTE:
Bullets are usually formatted manually, using a hyphen ( - ) or alphanumeric identifiers: a), b), or 1), 2) etc. followed by a tab character. Automatic bullet features should not be used as they may be lost if template styles are re-applied later.

Table styles:
TAH, TAL, TAC, TAR, TAN, for TAble Headers, Left justified, Centred, Right justified and Notes in tables: Style TH is used for the Table Heading (title or caption). See example below.

Table 1: Example of Table styles

	Col 1 Header (TAH)
	Col 2 Header (TAH)
	Col 3 Header (TAH)

	Left Justified (TAL)
	Centred (TAC)
	Right Justified (TAR)

	NOTE:
A special style is provided for notes within a table (TAN).


Figure Styles:
Figures and graphics are formatted with style "TH" which keeps the figure with the following paragraph, usually the figure title. Figure Titles (captions) are formatted with style "TF". See example below.
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