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1 Introduction

During previous RAN4#57AH meeting, UL MIMO PUSCH simulation assumptions were agreed in [1]. It was decided to tentatively consider QPSK 1/3 modulation and coding scheme in UL MIMO throughput test cases, while its necessity shall be further verified. 
In this contribution, we are looking at the QPSK 1/3 performance, additionally comparing the simulation results from contributing companies. 
2 Simulation assumptions
The table below presents PUSCH simulation parameters for UL MIMO.

Table 2.1 Simulation assumptions
	Common parameters
	Value

	Channel Model
	EPA 5Hz low correlation

	Noise Model
	AWGN

	Power imbalance between antennas
	0 dB

	Channel Bandwidth
	1.4MHZ, 3MHz, 5MHz, 10 MHz, 15 MHz, 20 MHz

	Channel estimation
	Practical and realizable channel and noise estimates [ML channel estimator with real noise estimation]

	Cyclic prefix
	Normal

	Precoding method
	Rank1: random precoding 

Rank2: fixed precoding

	Resource allocation
	Full RB allocation
FRC based on Rel8/9 specification

	Modulation scheme and code rate
	[QPSK 1/3,] 16QAM 3/4, 64QAM 5/6

	Number of HARQ processes
	8 HARQ processes for FDD

	Maximum number of HARQ transmissions
	4

	Redundancy version sequence
	 0, 2, 3, 1, 0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	Simulation length
	10000 subframes at minimum


3 Simulation results
PUSCH Rank2 simulation results for QPSK 1/3 modulation and coding scheme were collected below for 2Rx and 4Rx cases, based on the results submitted by different companies. Presented results were derived for 70% FRC throughput. 
Table 3.1 QPSK 1/3 simulation results summary for UL MIMO PUSCH, 2Tx/2Rx case
	Channel BW
	AVERAGE
	Nokia Siemens Networks
	Ericsson
	ZTE

	
	
	R4-110825
	R4-111150
	R4-110884

	
	[dB]

	1.4MHz
	2,8
	3,19
	2,84
	2,30

	3MHz
	2,2
	3,11
	2,09
	1,20

	5MHz
	1,2
	1,97
	1,02
	0,60

	10MHz
	1,8
	2,62
	1,41
	1,10

	15MHz
	1,1
	1,76
	0,49
	0,80

	20MHz
	1,7
	2,50
	1,26
	1,20


Table 3.2 QPSK 1/3 simulation results summary for UL MIMO PUSCH, 2Tx/4Rx case
	Channel BW
	AVERAGE
	Nokia Siemens Networks
	Ericsson
	ZTE

	
	
	R4-110825
	R4-111150
	R4-110884

	
	[dB]

	1.4MHz
	-1,5
	-1,20
	-1,53
	-1,60

	3MHz
	-1,9
	-1,30
	-2,34
	-2,00

	5MHz
	-2,7
	-1,96
	-3,30
	-2,60

	10MHz
	-2,3
	-1,30
	-2,95
	-2,50

	15MHz
	-2,9
	-1,89
	-3,67
	-2,90

	20MHz
	-2,3
	-1,22
	-3,03
	-2,60


Based on the results above, it seems to be fair to state that collected results are aligned among contributing companies. On top of this conclusion, which proves correctness of the provided results, we follow the analysis based on the Nokia Siemens Networks simulation results. 
Next, we are looking at the PUSCH throughput performance comparison between QPSK 1/3, Rank2 transmission and 16QAM ¾ rank1 results. The aim of this comparison is to verify, whether it is reasonable to introduced rank2 QPSK testing for UL MIMO. 

We are starting this analysis considering typical RAN4 test cases for throughput testing: i.e. consideration of Fixed Reference Channel and its fractional (i.e. 30% and 70%) throughput for required SNR derivation. In order to compare QPSK rank2 with 16QAM rank1, the following throughput thresholds were derived based on FRC’s, as defined in [5]:

Table 3.3 FRC throughput thresholds comparison for QPSK1/3 rank2@70%thp and 16QAM3/4 rank1@30%thp
	Channel bandwidth
	1,4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	QPSK 1/3 FRC’s
	A3-2
	A3-3
	A3-4
	A3-5
	A3-6
	A3-7

	QPSK 1/3 Payload size (bits)
	600
	1544
	2216
	5160
	6712
	10296

	QPSK 1/3 Rank1 70% threshold (bits)
	73
	420
	1081
	1552
	3612
	4695

	QPSK 1/3 Rank2 70% threshold (bits)
	840
	2161,6
	3102,4
	7224
	9396,8
	14414

	16QAM ¾ FRC’s
	A4-2
	A4-3
	A4-4
	A4-5
	A4-6
	A4-7

	16QAM ¾  Payload size (bits)
	376
	2600
	6456
	10680
	21384
	32856

	16QAM ¾  Rank1 30% threshold (bits)
	780
	1936,8
	3204
	6415,2
	9856,8
	13145


Comparing bolded throughput thresholds for QPSK and 16QAM as presented in table below, it is seen that both cases (i.e. QPSK rank2@70% and 16QAM rank1@30%) provide comparable throughput levels for particular channel bandwidth. Our aim was to check, whether 16QAM rank1 results at 30% outperform QPSK rank2 results at 70%, at particular radio conditions.

Throughput comparison figures were attached in Annex A. Looking at those results one can see that in all presented cases, 30% of the 16QAM rank1 FRC can be achieved at lower SNR levels, then 70% QPSK rank2 throughput. Even if we are not looking at the artificial fractional FRC throughput levels, it is still more beneficial from the UL throughput point of view to switch to 16QAM rank1 transmit scheme (as long as we are above SNR breakthrough level, which is the case in performed simulations). 
Based on the above, there are not real reasons nor motivation to introduce QPSK rank2 test cases for UL MIMO, at least for 2Tx UE’s. Once 4Tx UE will be considered in RAN4 for UL MIMO performance testing, discussed issue might require re‑consideration.
4 Conclusion

This contribution presents comparison of QPSK simulation results, where the aim was justification of QPSK performance requirements introduction for Rank2 UL MIMO case. 

Based on the presented results and analysis, it is proposed not to consider QPSK1/3 for the UL MIMO performance verification and to focus on transmit scheme providing higher data rates. 
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Annex A: Throughput comparison
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Annex B: 36.104: FRC’s extract
A.3
Fixed Reference Channels for performance requirements (QPSK 1/3)

Table A.3-1 FRC parameters for performance requirements (QPSK 1/3)

	Reference channel
	A3-1
	A3-2
	A3-3
	A3-4
	A3-5
	A3-6
	A3-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	104
	600
	1544
	2216
	5160
	6712
	10296

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	24
	24

	Number of code blocks - C
	1
	1
	1
	1
	1
	2
	2

	Coded block size including 12bits trellis termination (bits)
	396
	1884
	4716
	6732
	15564
	10188
	15564

	Total number of bits per sub-frame
	288
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


A.4
Fixed Reference Channels for performance requirements (16QAM 3/4)

Table A.4-1 FRC parameters for performance requirements (16QAM 3/4)

	Reference channel
	A4-1
	A4-2
	A4-3
	A4-4
	A4-5
	A4-6
	A4-7
	A4-8

	Allocated resource blocks
	1
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	10
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Payload size (bits)
	408
	376
	2600
	6456
	10680
	21384
	32856
	43816

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	1
	2
	2
	4
	6
	8

	Coded block size including 12bits trellis termination (bits)
	1308
	1212
	7884
	9804
	16140
	16140
	16524
	16524

	Total number of bits per sub-frame
	576
	480
	3456
	8640
	14400
	28800
	43200
	57600

	Total symbols per sub-frame
	144
	120
	864
	2160
	3600
	7200
	10800
	14400
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