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[bookmark: foreword][bookmark: _Toc73951492]Foreword
[bookmark: spectype3]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.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
[bookmark: introduction]The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc73951493]
1	Scope
The present document is a technical report for Study on high power UE (power class 2) for one NR FDD band. The study includes the SAR scheme(s), interference issues, UE implementation issues, and system performance evaluations.
The example bands used for the study are NR band n1 and n3.
[bookmark: references][bookmark: _Toc73951494]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 TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc73951495]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc73951496]3.1	Terms
For the purposes of the present document, the terms 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].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc73951497]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc73951498]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>	<Expansion>

[bookmark: clause4][bookmark: _Toc47739606][bookmark: _Toc54020116][bookmark: _Toc73951499]4	Background
[bookmark: _Toc54020117][bookmark: _Toc47739607][bookmark: _Toc73951500]4.1	Justification
Increasing the transmit power of UE has significant benefits on extending cell coverage area and improving the experience of cell edge users. In rel-16 one study item and two work items related to HPUE have been proposed and worked on to standardize the requirements for EN-DC scenarios. 
However, extension of cell coverage for lower-frequency NR SA FDD band is also important for some operators considering data throughput for cell edge users is not satisfactory even in FDD bands, and further increasing the UE transmit power would be beneficial for improving the performance of cell edge users. Increasing the transmission power will be beneficial for extending uplink coverage. SAR compliance schemes should be considered (e.g. Existing duty cycle based solution could be taken into consideration for this study, other solutions are not precluded.).
This Study Item is proposed to solve SAR issues, and potentially enable Power Class 2 UE for one FDD band with 26 dBm maximum output power (UE types include smart phone, FWA, etc.). NR band n1 and n3 shall be used as example band for this study.
[bookmark: _Toc73951501]4.2	Objective
The objectives of the SI are as follows:
1	Study the applicable scheme(s) for new power class 2 UE for one NR FDD band to comply with the SAR limits with 26dBm UE Tx power, the example band for this study is NR band n1 and n3. 
a.	Study candidate SAR solutions, e.g. P-MPR, duty cycle capability, etc.
b.	Study regulatory requirements related to 26dBm Tx power in FDD bands including SAR.
Note: Prioritize studies for the existing SAR solutions.
2	Study interference issues (e.g. self-desense, cross device coexistence…). 
a.	Study RF requirements for PC2 UE in FDD band, including self-desense requirements, Tx requirements such as A-MPR, and so on.
b.	Study adjacent channel co-existence for FDD band.
c.	Investigate issues related to in-device interference, if identified.
3	Study UE implementation related issues such as RF component feasibility to support 26dBm output power in band n1 and n3 at first. Other example FDD bands are not precluded, if needed.
Evaluate system performance gains on spectrum efficiency, and other metrics if needed could also be taken into account, to support NR FDD HPUE.
[bookmark: _Toc73951502]5	SAR Scheme

[bookmark: tsgNames][bookmark: _Toc73951503]6	Interference

[bookmark: _Toc73951504]7	UE implementations


[bookmark: _Toc73951505][bookmark: startOfAnnexes]8	System Performance Evaluation
[bookmark: _Toc73951506]8.1	Dynamic system level simulation



[bookmark: _Toc73951507]8.2	Monte Carlo simulation

8.2.1	Simulation methodology 
The Monte Carlo based static system level simulation is typical simulation method used in the coexistence study and can also be used for the simplified system performance evaluation.  The sub-snapshot method is agreed as one of possible methods to simulate the HPUE feature. 
The difference for UL duty cycle is emulated by assuming there are N sub-snapshots within one snapshot. For example, we can set N=2 for the case of 50% duty cycle for FDD HPUE. Similarly, we can set N=4 for the case of 25% duty cycle. In each snapshot, UEs are randomly placed in a predefined deployment scenario. But within one snapshot, the UEs’ locations for N sub-snapshots are fixed. Table 8.2.1-1 illustrates the sub-snapshot concept and the simulation method. When the simulation performance is assumed to be measured within one frame (e.g., 10ms) and only 50% time can be used for UL transmission within one frame assuming 50% duty cycle. Then each sub-snapshot can be considered as 5ms in the Monte-Carlo simulation. 
Table 8.2.1-1. An example to compare FDD PC2 UE (50% DC) and FDD PC3 UE (100% DC)  
	UE type 
	The first sub-snapshot
	The second sub-snapshot
	UL duty cycle

	FDD PC3 UEs
	Max. Tx power is 23dBm
	Max. Tx power is 23dBm
	100%

	FDD PC2 UEs with transmission power >23dBm
	Max. Tx power is 26dBm
	No transmission
	50%

	Note 1: For PC2 UEs with transmission power ≤ 23dBm, there is no need to reduce the UL duty cycle since there is no SAR issue.
Note 2: For simplicity, 50% UL duty cycle will be applied once PC2 UEs transmit power is larger than 23dBm.
Note 3: PC2 UEs with 50% UL duty can randomly transmit power at the first or the second sub-snapshot.



Non-full buffer and full buffer scenarios are both considered in the simulation. For the non-full buffer scenario, the resource will not be used in the sub-snapshot which there is no transmission for the UE with >23dBm Tx power. For the full buffer scenario, a new user will be scheduled in one of the two sub-snapshots when the UE with >23dBm Tx power will not transmit in that correspondent sub-snapshot due to 50% duty cycle. 
There are also other evaluation methods can be implemented to stimulate the duty cycle in the Monte Carlo simulation, such as drawing a random number in each snapshot. If the random number is larger than the duty cycle, then the HPUE will be replaced with another UE; If the random number is less than the duty cycle, then the HPUE will transmit normally with Tx power up to 26 dBm. 

8.2.2	Simulation assumptions 
The simulation assumptions using Monte-Carlo simulation are as Table 8.2.2-1. 
Table 8.2.2-1.  System Assumptions
	Parameter
	Base Station
	UE

	Carrier frequency
	2GHz

	Channel bandwidth
	40MHz

	Active UE number in UL
	3

	PC2 UE ratio
	25%, 50%, 100%

	Inter-site distance
	750m

	Cell layout
	Wrap-around 19 tri-sector cells

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban)

	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 for UE, 26dBm for HPUE

	Antenna height
	45 m
	1.5 m



The power control (PC) set 4A and 4B are selected for performance evaluation which refers to TR36.886 chapter 5.10.1.2. The parameters are presented in Table 8.2.2-2.  

Table 8.2.2-2. PC set parameters for 23dBm UE and 26 dBm UE with 0.75 km ISD
	Power control set parameter 
	Gamma
	CLx-ile for BW 40MHz

	
	
	23dBm
	26dBm

	Set 4A
	1
	104
	107

	Set 4B
	1
	100
	103

	Note: the original table in 36.886 is for 20MHz bandwidth, thus the value needed to be adjusted for 40MHz bandwidth correspondently. 



Figure 8.2.2-1 and 8.2.2-2 are the CDF curve of Tx power for power control set 4A and 4B, respectively, to show the difference between FDD PC2 and PC3.
[image: ]
Figure 8.2.2-1.  UL Tx power CDF for power control set 4A

[image: ]
Figure 8.8.2-2.  UL Tx power CDF for power control set 4B


8.2.3	Simulation results 
8.2.3.1	Simulation results for power control set 4A
The ratio of UL Tx power > 23dBm is about 4.9% for power control set 4A. 
In a more realistic situation, for example, considering a relatively long-time duration, the time restriction for UE duty cycle can be relaxed assuming that UE can keep transmit with >23dBm power in its scheduled duration. After the UE finishes its transmission, another UE will be scheduled. In this scenario, the UE can naturally realize the 50% duty cycle by the scheduling time since the UE will not be always scheduled. The duty cycle then does not need to be considered in the result processing. Therefore, the system performances are shown in Table 8.2.3.1-1 and Table 8.2.3.1-2. 

  Table 8.2.3.1-1. PC2 system performance for non-full buffer case with PC set 4A
when 50% duty cycle is considered in a longer duration 
	Power control set
	4A	
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	1.22%
	2.44%
	4.27%

	Cell throughput gain
	0.40%
	1.04%
	2.39%



Table 8.2.3.1-2.  PC2 system performance for full buffer with PC set 4A 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4A	
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	0.61%
	1.83%
	3.05%

	Cell throughput gain
	0.48%
	1.12%
	2.55%



As shown in Table 8.2.3.1-1 and Table 8.2.3.1-2:
· When 50% duty cycle can be realized in a longer duration, performance gain can be observed for the 5% throughput. The gain’s value depends on the PC2 UE ratio and the traffic loading. 
· When 50% duty cycle can be realized in a longer duration, performance gain can be observed for the average cell throughput. The gain’s value depends on the PC2 UE ratio and the traffic loading. 
· When 50% duty cycle can be realized in a longer duration, higher PC2 UE ratio will bring higher 5%-throughput gain as well as the average cell throughput gain. The system performance gain is highly related with PC2 UE ratio. 
  
8.2.3.2	Simulation results for power control set 4B
The Tx power ratio UL Tx power > 23dBm is about 17.8% for power control set 4B. 
Similar consideration is applied, when 50% duty cycle can be realized in a longer duration, the 50% duty cycle need not be considered in the performance processing. Therefore, the system performance is shown in Table 8.2.3.2-1 and Table 8.2.3.2-2. 

Table 8.2.3.2-1.  PC2 system performance for non-full buffer with PC set 4B 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	5.13%
	10.26%
	17.31%

	Cell throughput gain
	0.81%
	1.98%
	5.50%



Table 8.2.3.2-2.  PC2 system performance for full buffer with PC set 4B 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	3.85%
	8.33%
	15.38%

	Cell throughput gain
	1.03%
	2.20%
	4.84%



From the simulation results shown in chapter 8.2.3.2, the similar performance variance trend can be observed for the power control set 4B, compared with power control set 4A. 

8.2.3.3	Simulation observations 
The system performance is sensitive to the power control set parameters. In realistic situation, where several UEs are multiplexed in the same cell, non-negligible gain in UL performance can be observed in both mean and 5%-tile throughput.


[bookmark: _Toc73951508]9	SI Conclusion
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