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1. Introduction

Work Item for Higher Order Modulation in HSUPA was agreed in RAN#34 [1]. The objective of this WI is to specify the support of 16QAM as an uplink modulation scheme for HSUPA in FDD. RAN4 task is to specify RRM, BS and UE requirements for an agreed set of radio conditions/environments for 16QAM. BS requirements should be done with more advanced receivers, i.e. more advanced than RAKE.
This contribution continues the discussion in [4] regarding simulation assumptions that could be used for the basis of creating new BS demodulation performance requirements for 16QAM in HSUPA. 
2. Simulation assumptions 

Table 1 is a proposed template for the simulation assumptions in order to generate ideal reference results.
Table 1

	Maximum information bit rate
	FRC8 to FRCn for E-DPDCH

	Carrier frequency
	2 GHz

	Chip rate
	3.84 Mcps

	Receiver structure
	LMMSE for 1 and/or 2 RX antennas

	Equalizer length
	TBD chips per Rx antenna 

	Equalizer tap spacing (chips)
	TBD

	Equalizer update rate
	TBD

	Noise model
	AWGN, uncorrelated for 2-RX

	Noise variance in equalizer
	TBD

	MP delay estimation
	Ideal, receiver knows taps delay positions

	Samples / chip
	P = 2

	Channel estimator
	Realistic

	Use of E-DPCCH to boost channel estimation
	TBD

	# of bits in A/D
	Floating point

	SRRC pulse shaping
	On

	DL ACK/NACK signaling error model 
	Off

	Inner-loop TPC
	Off

	Outer-loop PC
	Off

	Multipath channels
	AWGN (alignment purposes), PA3, PB3, VA30, VA120

	Channel ray mapping
	Nearest Tc/P spaced delay

	HARQ combining
	IR

	Max # of transmissions
	4

	# HARQ Processes
	8 for 2 ms TTI

	RSN pattern
	{0, 1, 2, 3}, for RV index see TS25.215, table 16 for the relevant coding rate.

	TTI length
	2 ms

	DPCCH
	Slot format 1

	# of antennas
	TBD

	Base Turbo Codec
	R=1/3, K=4, 8 iterations, Max Log MAP

	Demodulation of E-DPCCH
	Off

	Simulation output
	Throughput as a function of Ec/N0 (total)

	Test points for E-DPDCH
	Ec/N0 (total) at TBD % of maximum information bit rate [kbps].


Whenever possible the simulation assumptions from prior work on EDCH [2] have been taken into account. In particular it is assumed that the same functional setup for testing demodulation performance as per Figure B.17 from TS 25.141 is re-used, i.e. error-free HARQ, but no PC feedback is provided.
The assumption on the # of antennas needs to be discussed and agreed, the default from EDCH is 1 and 2 antennas.
Also the baseline assumptions for reference receiver structure needs to be agreed. Here LMMSE receiver structure is proposed as a baseline assumption for defining the performance requirements. A number of LMMSE related parameters from [3] have been identified in order to facilitate alignment. Furthermore, we believe a LMMSE receiver description along the lines of [5], Annex 1 should be agreed for the elected #-of antennas.
The choice of the multipath channels should be discussed, the default from EDCH being PA3, PB3, VA30, VA120.
As 16QAM performance is expected to be more susceptible to modelling errors, some parameters used prior in EDCH should be re-considered. We indicate revised proposals in Table 1 for assumptions on Samples / chip, channel estimation and pulse shaping.

As shown by simulation results in Appendix A, there exist for some MP channels significant differences in Tput, when comparing ideal vs different types of realistic channel estimation. Hence it is felt important that this is reflected in the reference results in order to avoid misalignment at a later stage. Furthermore the results for the VA120 channel may have been additionally affected by a too slow equalizer update rate, so it is also important that this and other related LMMSE parameters are agreed at this stage. Both of this would be in line with previous RAN4 work done for the DL [3].
Also work on appropriate E-DPDCH/DPCCH and E-DPCCH/E-DPDCH power ratios needs to be done as these are expected to have a large impact on 16QAM demodulation performance as discussed in several RAN1 contributions.
3. Conclusions

In this document we presented a proposal for defining simulation assumptions for the work item ‘Higher Order Modulation in HSUPA’.  The simulation assumptions are proposed to be mainly the same as the ones used in defining the Rel-6 E-DCH requirements, but modified by the need to consider parameters related to LMMSE based reference receivers.
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Appendix A, Simulation results

Results for 2 antennas:
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Fig. A.1 Tput with Ideal vs real CHE
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Fig. A.2 Tput with Ideal vs real CHE, VA30
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Fig. A.3 Tput with Ideal vs real CHE, VA120

Results for 1 antenna:
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Fig. A.4 Tput with Ideal vs real CHE
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Fig. A.5 Tput with Ideal vs real CHE, VA30
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Fig. A.6 Tput with Ideal vs real CHE, VA120

The used simulation assumptions were as follows:
Table A.1

	Maximum information bit rate
	8.122 Mbps

	Carrier frequency
	2 GHz

	Chip rate
	3.84 Mcps

	Receiver structure
	LMMSE chip equalizer for 1 and 2 antenna 

	Equalizer length
	21 chips per Rx antenna 

	Equalizer tap spacing (chips)
	0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20

	Equalizer update rate
	1/slot

	Noise model
	AWGN, uncorrelated for 2-RX

	Noise variance in equalizer
	Known

	MP delay estimation
	Ideal, receiver knows taps delay positions

	Samples / chip
	1 spc

	Channel estimator
	Ideal vs Realistic

	Use of E-DPCCH to boost channel estimation
	No

	# of bits in A/D
	Floating point

	SRRC pulse shaping
	Off

	DL ACK/NACK signaling error model 
	Off

	Inner-loop TPC
	Off

	Outer-loop PC
	Off

	Multipath channels
	PA3, PB3, VA30, VA120

	Channel ray mapping
	Nearest Tc/P spaced delay

	HARQ combining
	IR

	Max # of transmissions
	4

	# HARQ Processes
	8 for 2 ms TTI

	RSN pattern
	{0, 1, 2, 3}, for RV index see TS25.215, table 16 for the relevant coding rate.

	TTI length
	2 ms

	DPCCH
	Slot format 1

	# of antennas
	1 and 2

	Base Turbo Codec
	R=1/3, K=4, 8 iterations, Max Log MAP

	Demodulation of E-DPCCH
	Off

	Simulation output
	Throughput as a function of Ec/N0 (total)
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