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1.
Introduction

Based on discussions for device-to-device (D2D) simulation of Proximity Services (ProSe) in RAN1#74bis, an LS has been sent to RAN4 [1] to evaluate the performance differences between employing SC-FDMA versus OFDMA for D2D communication. The details of this LS are noted below for reference:
RAN1 discussed using SC-FDMA or OFDMA as the multiple access scheme for D2D communication and discovery and made a working assumption to use SC-FDMA. In order to decide on the working assumption, RAN1 would like input from RAN4 on the UE performance aspects related to:

1. Differences in cubic metric and in-band emissions between the two MA schemes and the impacts to the UE, for example relating to the PA

2. RAN4’s assumptions for a UE SC-FDMA receiver and possible differences in demodulation implementation margin that would result compared to the existing OFDMA receiver for the applicable SNR and payloads. Additionally, RAN1 would like to be informed of any other relevant receiver issues RAN4 sees.

Note that RAN1 is currently discussing whether one or more than one physical channel might be transmitted simultaneously from a given UE.

2. Actions:

To RAN4: RAN1 respectfully asks RAN4 to provide feedback on the issues raised in this LS.
.
This contribution discusses the performance dependencies in a UE on SC-FDMA versus OFDMA multiple access.

2. Discussion
RAN1 has enquired as to the performance of a typical UE with regard to differences in cubic metric and in-band emissions related to the UE PA, as well as demodulation implementation margin of an SC-FDMA receiver versus an OFDMA receiver in a UE. In-band emissions produced by a UE will depend on a variety of factors including carrier frequency, carrier bandwidth, the number of contiguously scheduled resource blocks (RBs), the output power of the UE device as well as the specific scenario and use case under consideration for the D2D communication. In particular for public safety scenarios, D2D UE transmissions may typically be near the maximum output power of the UE, which would result in higher than average inband emissions by the UE. In order to accurately assess the above impacts on an OFDMA receiver versus an SC-FDMA receiver it is recommended that specific scenarios and use cases be prioritized for the evaluation. 
With regard to cubic metric, RAN4 has in the past not employed a cubic metric but has instead specified a maximum power reduction (MPR) or additional maximum power reduction (A-MPR) as defined in section 6.2.3 of TS36.101. MPR or A-MPR will be dependent on the modulation and the transmission bandwidth or number or resource blocks (RBs) that the UE transmits over. With regard to the differences in performance of multiple access (MA) techniques from a UE perspective, since the UE transmission requirements for a SC-FMDA implementation have already been defined in TS 36.101, the focus of the analysis from a UE transmission requirement perspective should be on defining a set of scenarios for evaluating the transmission performance of UEs employing OFDMA for inband emissions and MPR requirements. As a possible initial reference measurement channel for the evaluation of UE OFDMA transmission performance, the fixed reference channel with QPSK rate 1/3 can be employed as defined in TS36.101 Appendix A.2.2, reproduced in Annex A below. 

 Observation #1:

RAN4 does not employ the cubic metric approach to analyze power amplifier performance, but instead employs an MPR specification approach.
Proposal #1:

The focus of the analysis from a UE transmission requirement perspective should be on defining a set of scenarios for evaluating the transmission performance of UEs employing OFDMA for inband emissions and MPR requirements.

Similarly with regard to receiver requirements, since TS36.101 currently defines the UE receiver requirements for OFDMA, the focus of the analysis from a UE receive perspective needs to account for SC-FDMA demodulation requirements. Initially, one or two nominal scenarios in which OFDMA demodulation requirements are defined will need to be agreed upon and the performance for an SC-FDMA receiver evaluated. It can be noted that the main difference between an OFDMA receiver and an SC-FDMA receiver is the presence of an additional IDFT step.  As a possible initial reference measurement channel for the evaluation of demodulation performance, the fixed reference channel with QPSK rate 1/3 can be employed as defined in TS36.101 Appendix A.3.3, reproduced in Annex A below. 
Proposal #2:

The focus of the analysis from a UE receive requirement perspective should be on defining a set of scenarios for evaluating the demodulation performance of UEs employing SC-FDMA. 
Table 1 below captures a proposed plan to agree on the required assumptions and analyze the UE transmit performance of OFDMA and the UE receive performance of SC-FMDA.

Table 1: Proposed Plan for Addressing UE OFDMA vs SC-FDMA Performance Trade-offs
	Activity
	Target Completion
	Dependencies

	1. Agree on a development plan for RAN4 analysis of SC-FDMA UE receive performance compared to existing UE OFDMA receiver performance as well as an analysis of UE OFDMA transmit performance compared to existing UE SC-FDMA transmission performance
2. Agree on scenarios and assumptions for analysis of OFDMA UE transmit performance and UE SC-FDMA receive performance
	RAN4#69, November 2013
	Finalization of physical layer definition in RAN1

	Results of analysis of UE SC-FDMA vs OFDMA performance and response to RAN1 LS
	RAN4#70, February 2014
	Finalization of physical layer definition in RAN1


Proposal #3
RAN4 agree on the proposed plan in Table 1 to address the comparison of SC-FDMA vs OFDMA performance in a D2D UE.
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Conclusions
Observation:

RAN4 does not employ the cubic metric approach to analyze power amplifier performance, but instead employs an MPR specification approach.
Proposal #1:

The focus of the analysis from a UE transmission requirement perspective should be on defining a set of scenarios for evaluating the transmission performance of UEs employing OFDMA for inband emissions and MPR requirements.

Proposal #2:

The focus of the analysis from a UE receive requirement perspective should be on defining a set of scenarios for evaluating the demodulation performance of UEs employing SC-FDMA. 
Proposal #3
RAN4 agree on the proposed plan in Table 1 to address the comparison of SC-FDMA vs OFDMA performance in a D2D UE.
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Annex A: Candidate Reference Channels 
A.1 Candidate UL Reference Channel Allocation for evaluation of OFDMA Transmission Performance

Reference Channels for QPSK with full RB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/5
	1/6

	Payload size
	Bits
	600
	1544
	2216
	5160
	4392
	4584

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame
(Note 1)
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	Bits
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per Sub-Frame
	
	864
	2160
	3600
	7200
	10800
	14400

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1

	Note 1:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


A.2: Candidate DL Reference Channel Allocation for evaluation of SC-FDMA D2D UE Rx Performance
Fixed Reference Channel QPSK R=1/3

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD
	R.42

FDD
	
	R.2 FDD
	
	

	Channel bandwidth
	MHz
	1.4
	20
	
	10
	
	

	Allocated resource blocks (Note 4)
	
	6
	100
	
	50
	
	

	Allocated subframes per Radio Frame
	
	9
	9
	
	9
	
	

	Modulation
	
	QPSK
	QPSK
	
	QPSK
	
	

	Target Coding Rate
	
	1/3
	1/3
	
	1/3
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408
	8760
	
	4392
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	152
	8760
	
	4392
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1
	2
	
	1
	
	

	  For Sub-Frame 5
	
	n/a
	n/a
	
	n/a
	
	

	  For Sub-Frame 0
	
	1
	2
	
	1
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368
	27600
	
	13800
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	528
	26760
	
	12960
	
	

	Max. Throughput averaged over 1 frame

(Note 4)
	Mbps
	0.342
	7.884
	
	3.953
	
	

	UE Category
	
	≥ 1
	≥ 1
	
	≥ 1
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4: 
Given per component carrier per codeword.
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