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1. Introduction 
In RAN1#68 the following agreements were achieved regarding UL MIMO with 64QAM:

· 8PAM modulation is introduced per code to facilitate 64QAM.
· 64QAM can only exist when transmitting with 2xSF2+2xSF4.
· Two new slot formats for E-DPDCH need to be introduced for 8PAM SF4 and 8PAM SF2.
· E-DPCCH design, whether the existing encoding is kept, or a new one is introduced is FFS.
Based on these agreements, we present the 64QAM simulation results which indicate the switch point between 16QAM and 64QAM. 
2. Simulation Results
In order to obtain the switch point between 16QAM and 64QAM, we simulate the 16QAM and 64QAM performance separately with different TBSs as shown in [1]. The simulation assumptions as agreed in [2], are shown in Table 1 in Appendix A. The simulated TB sizes are {16075, 16814, 19241, 21050, 22017}.
Figure 1 shows the throughput as a function of Rx Ec/N0 for different channel models (AWGN and PA3). The different points on each curve denote different TB sizes whose throughputs are 90% of the maximum achievable. We can observe that 16QAM outperforms 64QAM at low RxEc/No, and that 64QAM provides higher throughput than 16QAM as the RxEc/No increases. The switching point occurs approximately between 8 Mbps and 9 Mbps. From the simulated TB sizes, the switching point occurs for a TBS equal to 19241 bits, which corresponds to a coding rate of 0.557. A new parameter PL64mod_switch needs to be introduced as mentioned in [3]. For the TBS of 19241, PL64mod_switch would be equal to 0.398. For the definition of the PL parameter we would likely require further evaluation with more TB sizes.
Proposal: The switching point from 16QAM to 64QAM occurs for a TBS of approximately 19000 bits. 
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Figure 1: Throughput vs RxEc/No for 16QAM and 64QAM
3. Conclusion
In this contribution, we presented simulation results and performance analysis for the UL with 64QAM. Simulations show that UL 64QAM provides higher throughput than 16QAM at high RxEc/N0 in AWGN and PA3 channels, and the switch point between 64QAM and 64QAM relative performance occurs at approximately 8-9 Mbps. From the simulated TB sizes in Figure 1, the switching point occurs for a TBS equal to 19241 bits, which corresponds to a coding rate of 0.557. The corresponding PL64mod_switch would be equal to 0.398

Proposal: The switching point from 16QAM to 64QAM occurs for a TBS of approximately 19000 bits. 
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1 Appendix A

Table 1: Simulation parameters for UL 64QAM

	Parameter
	Value

	Physical Channels
	E-DPDCH, DPCCH, E-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	Fixed in each simulation:{16075, 16814, 19241, 21050, 22017}

	Modulation
	16QAM or 64QAM; switch point between 16QAM and 64QAM should be described.

	20*log10(βed/βc) [dB]
	4.09

	20*log10(βec/βc) [dB]
	-9.54

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after 1st H-ARQ attempt 

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON    

	ILPC Update Rate
	once per slot 

	Outer Loop Power Control
	OFF 

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	AWGN, PA3

	NodeB Receiver Type
	LMMSE
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