3GPP TSG-RAN WG4 Meeting #82	R4-1701754
Athens, Greece, 13-17 February 2017
Agenda item:	9.2.2
Source: 	Motorola Solutions Inc.
Title: 	Power Class 1 HPUE ACLR and Impact to BS Performance
Document for:	Approval
Introduction
Power class 1 UE for LTE was first introduced for Band 14 for Region 2 [1], targeting public safety usage. The device takes a form factor of vehicle mounted modem for extended uplink range in rural areas. As the public safety community embrace the broadband LTE technology, PC1 UE will play a key role in providing required rural coverages. UK Home Office’s Emergency Services Network (ESN) as well as Telstra’s LTE Advanced Network for Emergency Services (LANEs) are two recent examples that would like to take advantage of PC 1 LTE UEs in their systems. Based on the demand, work item LTE_HPUE_B3_B20_B28 has been approved to introduce Power Class 1 (PC1) UE to Band 3, Band 20 and Band 28 in RAN plenary meeting #73 [2]. 
UTRA/E-UTRA ACLR are important aspects of LTE UEs that provides certain degree of interference protection to systems deployed in the adjacent spectrum, and in the same geographical area. In last RAN4 #81 meeting, it was agreed that UTRA ACLR for power class 1 UE operating in Band 3, Band 20 and Band 28 needed not be defined. As for E-UTRA ACLR, contributions [3] and [4] provided the analysis and the recommended ACLR requirement. During the discussion, howver, there was a concern raised that PC1 UE may pose impact to BS performance and require further analysis. In this paper, we revisit the ACLR analysis and requirment proposed from last meeting and in addition provide the interference analysis to the BS caused by power class 1 UE. 
E-UTRA ACLR  
E-UTRA ACLR has been defined to provide protection to another E-UTRA system deployed in the adjacent spectrum. Typically system level coexistence simulations are used to define ACLR values and to make sure that UEs do not cause unacceptable interference to adjacent systems, and at the same time does not putting uncecessary burdens on public safety power class 1 UE implementation. In the previous contirbution [5], it was described how ACLR was defined for a Band 14 power class 1 UE and proposed to adopt the same ACLR value for power class 1 UE operating in Band 3, Band 20, and Band 28 given the same appliability of ACLR requirment definition methodolgy. In [3], the proposal of adopting the same Band 14 power class 1 UE E-UTRA ACLR requirement for Band 3, Band 20, and Band28 was re-affirmed with the justifications summaried in the following:
1. ACLR requirment is defined based on adjacnet channel coexistence study and system level co-existence simulations are used to determine the values,
2. The methology to derive ACLR has normalized the carrier frequency difference and the requirment derived for one band can be used for other bands,
3. The ACLR requirement for power class 3 UE was initially defined in Release 8 based on a particular scenario in a particular band. Real-life deployments in may different bands since then proved the robustness of the methodolgy , and thus the applicability of Band 14 PC1UE ACLR requirment for class 1 operations in other bands.
In addition, the analysis in [4] concured the observations and demonstrated that the ACLR requirment for Band 3, Band 20, and Band 28 was predicted to be quite similar to that for Band 14 based on the simulation results. It is thus concluded that E-UTRA ACLR for power class 1 UE in Band 14 can be reused for power class 1 UE in Band 3, Band 20 , and Band 28 by adopting the same 37 dB ACLR value. 
Proposal 1: To adopt the same Band 14 power class 1 UE E-UTRA ACLR requirement, i.e. 37dB, for class 1 operations in B3/B20/B28 bands.
BS Performance Impact  
In this section we address the concern raised in last RAN4 #81 meeting in which B3/B20/B28 PC1 UE may pose an impact to base stations in the adjacent spectrum. The two interfernce aspects caused by PC1 UE to a victim base station are ACS and in-band blocking.
ACS is evaluated in coexistence simulation between bands by a 5% throughput loss metric in the form of ACIR. As documented in TR 36.837 [6], five previous coexisence simulations between Band 13 and Band 14 with power class 1 UE operation were previously conducted. The following table is a duplicate of Table 5.4.2.6-2 in TR 36.837 that summarizes the simulation results. As it can be seen, for an extra 8dB max transmission power (i.e., PC1 31 dBm vs. PC3 23dBm) ACLR only needed to be 5 dB tighter at most. As it is concluded in previous section and demonstrated  by the analysis in [4] as well, the coexistence study is robust that requirments derived from one band (B14) can be used for other bands (B3/B20B28). The proposed 37 dB ACLR requirment for PC1 UE which presents a even tigher 7dB (i.e., PC1 37 dB vs. PC3 30 dB) is sufficient to protect the base station.

Table 5.4.2.6-2 B14 HPUE (+31dBm) ACLR offset value (dB) to achieve similar interference as the baseline
	Power control Parameters
	Company
	Power control  set 1A
	Power control  set 2A

	
	
	Average throughput
	5% CDF
	Average throughput
	5% CDF

	1A/2A
	Ericsson/ST-Ericsson
	<5
	<5
	<5
	<5

	1A/2A
	EADS
	5
	3.6
	2
	4

	1A/2A
	General Dynamics Broadband
	4.6
	5.4
	2.9
	3.3

	1A/2A
	Motorola Solutions
	4.5
	3.5
	3
	3



TR 36.837 has also analyzed the in-band blocking in which the requirment was choosen based on the blocking level of adjacent channel interference at a probability of 99.99%. The following table is a duplicate of Table 5.5.1-1 in TR 36.837 that summaries the simulation results. 
Table 5.5.1-1: 99.99% point of Band 13 eNB received blocking signal level from Band 14 HPUE
	
	Power control parameters
	Blocking for 99.99% probability

	B14 HPUE 
	1A
	Gamma = 1, CLxile = 121dB
	-47dBm

	
	2A
	Gamma = 0.8, CLxile = 138.5dB
	-59.4dBm

	
	1B
	Gamma = 1 CLxile = 117dB
	-46.8dBm

	
	2B
	Gamma = 0.8, CLxile = 134.5dB
	-56.2dBm



As it cane be seen, the blocking requirement for a Band 13 victim base station due to the presence of Band 14 high power UE is -47dBm for the worst case. Because the analysis was conducted via coexistance simulation, the same applicability to B3/B20/B28 can be assumed. Given the -43dBm interfering signal mean power for a wide area base station as defined in 36.104 [7], power class 1 UE prsents a negligible to no impact to the existing base station in-band blocking requirement. 
Proposal 2: To agree upon that B3/B20/B28 power class 1 UE presents a negligible to no impact to the base station
Conclusion
This contribution analyzes E-UTRA ACLR and the impact to base station performance of power class 1 UE. Based on the analysis, we have the following proposals:
Proposal 1: To adopt the same Band 14 power class 1 UE E-UTRA ACLR requirement, i.e. 37dB, for class 1 operations in B3/B20/B28 bands.
Proposal 2: To agree upon that power class 1 UE presents a negligible to no impact to the base station.
References
[1] RP-120362, “Public Safety Broadband High Power UE for Band 14 for Region 2”, Motorola Solutions.
[2] RP-161871, “Add Power Class 1 UE to B3/B20/B28 for LTE”, Motorola Solutions, Home Office, BT, Telstra
[3] R4-1609608, “Power Class 1 HPUE ACLR”, Motorola Solutions UK Ltd.
[4] R4-1609400, “ACLR requirement for HPUE B3_B20_B28”, Huawei, Hisilicon
[5] R4-168488, “ Power Class 1 HPUE EUTRA ACLR”, Motorola Solutions, Home Office, BT
[6] TR 36.837, “Public Safety Broadband High Power User Equipment (UE) for Band 14”.
[7] TS 36.104, “Base Station (BS) radio transmission and reception”, v13.3.0, 2016-03
1

1

