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1
Introduction
In this document, we evaluate the performance of uplink shared data channel (PUSCH) with and without higher order modulation of 64 QAM. 
In the current physical layer specifications, the default transmission mode for the UL is SIMO with up to 16-QAM modulation. In this contribution, we evaluate the quantitative gains of introducing 64 QAM to the PUSCH. The performance of SIMO with modulations up to 16-QAM is used as reference. 
2
Simulation Assumptions

This section summarizes detailed simulation assumptions used to evaluate the link performance comparison. 
2.1. General Simulation Assumptions 
The link level performance is evaluated for a system with 1 ms TTI with 5 MHz numerology. For simplicity, all 300 data tones are allocated to the user for all cases considered. Linear MMSE receiver is considered.

The transmitter, channel, and receiver configurations are as follows:

· TDM pilots allocated in the long blocks
· All 300 tones are allocated for data transmission
· Modulations considered: QPSK, 16-QAM, and 64-QAM
· Bandlimited white interference and noise

· GSM TU channel – 3 km/hr  

· 2 Rx antennas and 4 Rx antennas
· 1 Tx antenna
· Number of parallel H-ARQ processes – 6

· Maximum number of retransmission -4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission

· MMSE receiver 
The simulation setup is summarized in Tables 1 and 2. 

	Parameter 
	SIMO 

	TTI 
	1 ms 

	Pilot 
	Chu sequence 

	Data 
	Contiguous tone mapping 

	Frequency diversity within a TTI 
	Yes

	Frequency Hopping across TTI 
	No 

	Channel Estimation 
	Joint frequency-time processing

	Receiver 
	MMSE

	Antenna Configuration
	1x2, 1x4


Table 1. Simulation Setup

	Configuration
	Long Block Structure for RS

	Symbols / Slot
	7

	FFT size 
	512 – LB 

	Tone spacing 
	15 KHz – LB 

	Flat guard samples 
(Number of symbols) 
	28 (7) 

	Guard tones per symbol 
	212 – LB 

	Total data tones per LB 
	300 

	Allocated data tones per LB
	300


Table 2. Numerology for 5 MHz

2.1 MCS Table for 64 QAM and 16 QAM

The following MCS table is used for the evaluation of different transmission schemes with and without 64 QAM. For the simulation with 16 QAM, we will simply limit the MCS up to the highest rates achievable with 16 QAM. 

	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Payload size 

(maximum of 300 tones/LFDM symbol, 6 LFDM symbols/slot)
	Modulation
 (64 QAM)
	Modulation
 (16 QAM)

	0
	0.21
	378
	2
	2

	1
	0.40
	720
	2
	2

	2
	0.48
	864
	2
	2

	3
	0.59
	1062
	2
	2

	4
	0.71
	1278
	2
	2

	5
	0.84
	1512
	2
	2

	6
	1.00
	1800
	2
	2

	7
	1.18
	2124
	2
	2

	8
	1.37
	2466
	4
	4

	9
	1.58
	2844
	4
	4

	10
	1.81
	3258
	4
	4

	11
	2.06
	3708
	4
	4

	12
	2.31
	4158
	4
	4

	13
	2.59
	4662
	4
	4

	14
	2.87
	5166
	4
	4

	15
	3.16
	5688
	4
	4

	16
	3.46
	6228
	6
	4

	17
	3.76
	6768
	6
	4

	18
	4.07
	7326
	6
	NA

	19
	4.39
	7902
	6
	NA

	20
	4.71
	8478
	6
	NA

	21
	5.03
	9054
	6
	NA

	22
	5.35
	9630
	6
	NA

	23
	5.68
	10224
	6
	NA

	24
	6.00
	10800
	6
	NA


Table 3. MCS Table 

3
Performance Results

The summary of the link level simulation results are shown in Figure 1 for 1x2 configurations. SIMO with 16 QAM provides the reference for the comparison. With a simple introduction of 64 QAM modulation, the users with SINR larger than 10 dB can already explore some link level gain. 

The performance with long block structure is comparable to the one with short block structure, which was presented in [2]. 
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Figure 1. Link Level Evaluation for TU-3 Channel with Various UL Transmission Schemes

The summary of the link level simulation results for the 1x4 configuration are shown in Figure 2. As expected, higher peak rate can be achieved with the introduction of 64 QAM. This gain can be observed at SNR as low as 5 dB. The introduction of 64 QAM can significantly improve the peak data rate and user throughput.
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Figure 2. Link Level Evaluation for TU-3 Channel with Various UL Transmission Schemes

4
 Summary
In this contribution, we quantified relative performance gains for introducing 64 QAM into UL transmission for 1x2 and 1x4 antenna configurations. 
Based on these results, we propose the addition of 64-QAM as one of the mandatory UL modulation formats irrespective of whether or not we have UL SU-MIMO.
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