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Foreword
This Technical Report 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.
[bookmark: _Toc427073305]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.
[bookmark: _Toc427073306]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.


[bookmark: _Toc427073307]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]	R4-060470 LTE UE power class
[bookmark: _Toc427073308]3	Definitions, symbols and abbreviations
[bookmark: _Toc427073309]3.1	Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]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.
[bookmark: _Toc427073310]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc427073311]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>

[bookmark: _Toc427073312]4	Background
[bookmark: _Toc427073313]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.

[bookmark: _Toc427073314]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


[bookmark: _Toc427073315]5	Deployment and Coexistence Studies
[bookmark: _Toc427073316]5.1 	General
[bookmark: _Toc427073317]5.2	Band 41
[bookmark: _Toc427073318]5.3	Band 7
[bookmark: _Toc427073319]5.4 	Band 38
[bookmark: _Toc427073320]5.5	WiFi
[bookmark: _Toc427073321]5.5	Regulatory Requirements
[bookmark: _Toc427073322]5.5.1	MS Transmitt Power
[bookmark: _Toc427073323]5.5.2	UE Emission Limits
[bookmark: _Toc427073324]5.6	Co-existence and compatibility of LTE systems deployed in the 2.5 GHz band
[bookmark: _Toc427073325]5.6.1 	Simulation assumptions
[bookmark: _Toc427073326]5.6.1.1	Macro cell Propagation model
5.6.1.1.1 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:

	(2)
where:
R is the base station-UE separation in kilometres

5.6.1.1.2 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:		d  0.6 km

	
Case 2:		d  0.6 km

	
where: d is the base station-UE separation in kilometres

[bookmark: _Toc427073327]5.6.1.2	Power Control Modelling
In TR 36.942, the following power control equation is used for the uplink coexistence simulations:

	(10)
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 coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, 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. For 26 dBm UE, it is assumed that Rmin has 3dB more dynamic range.
The power control parameters were specified in TS 36.942 for carrier frequency of 2 GHz and 500 m cell range, these have been adjusted for different ISD’s and UE power classes. 


Table 5.6.1.2-1: Modified power control algorithm parameters for +23 dBm
(a) For 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) For 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
	133
	136

	Set 2
	0,8
	149
	153



(c) For 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
	133
	136

	Set 2
	0,8
	149
	153



(d) For 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
	133
	136

	Set 2
	0,8
	149
	153



Table 5.6.1.2-2: Modified power control algorithm parameters for +26 dBm
(a) For 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) For 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
	133
	136

	Set 2
	0,8
	149
	153



(c) For 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
	136
	139

	Set 2
	0,8
	152
	156



(d) For 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
	152
	156



[bookmark: _Toc427073328]5.6.1.3 	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 5.6.1.3-1), 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).
[image: cell_layout2]
Figure 5.6.1.3-1: Uncoordinated macro cellular deployment
The inter-site distances considered in this study are provided in Table 3.1 below.
Table 5.6.1.3-1: 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



[bookmark: _Toc427073329]5.6.1.4	Other Simulation Assumptions
Other simulation assumptions are summarized in Table 5.6.1.4-1 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,  = 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,  = 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.

[bookmark: _Toc427073330]5.6.1.5	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 5.6.1.4. Power control parameters in section 5.6.1.2 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 5.6.1.4-1 (a) and 5.6.1.4-1 (b) are used for the victim and interfering system, respectively. And the power control parameters in section 5.6.1.2 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).

[bookmark: _Toc427073331]5.6.2	Simulation Results
[bookmark: _Toc427073332]5.7 Additional Coexistence Scenarios
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