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Introduction

[1] was presented in RAN WG1 #26 and suggests that the support of 16-QAM does not provide major gains in typical radio environments and with current baseline assumption for UE receiver design. On that basis [1] proposes to make the support of 16-QAM in the terminal an optional requirement as a way to simplify the UE implementation and speed up product availability. During RAN WG1 #26 we expressed some concerns relative the impact on the overall system throughput when 16‑QAM is not available.

Analysis of field results for 1x-EV-DO

Techniques similar to 1x-EV-DO developed by 3GPP2 are used in HSDPA, including the possibility to use 16‑QAM modulation. Given that 1x-EV-DO systems are already deployed for trial and commercial operation they may provide some useful indication relative to the benefits associated with 16-QAM. A first order analysis of our internal data (collected in over the air measurement campaigns) reveals that by not allowing 16‑QAM nor 8-PSK the loss in overall system throughput would be in the order of 25% for single antenna UE in no or low mobility sub-urban environments. Other external data points indicate that the  impact of not allowing 16-QAM nor 8‑PSK is in the order of 20% to 30% for single antenna terminals. 

HSDPA system level simulation

HSDPA system level simulation using mixed channel models showed (see Annex A & B) a reduction in the overall system throughput of about 10% when replacing the 16-QAM formats with higher code rate QPSK formats.

Code limited scenario

During RAN WG1 #26 we have also expressed the view that 16-QAM may prove even more useful in code limited situations. We believe that the code limited situation is very likely in HSDPA due to the HSDPA control channel code usage as well as the voice user code usage in mixed traffic cases. Running the system level simulation in mixed channel configuration and code limited situation (significantly higher percentage of  power than percentage of codes is available) showed (see Annex A & B) around 20% reduction in the overall system throughput when replacing the 16-QAM formats with higher code rate QPSK formats.

Conclusion

We have provided data representing the potential system throughput degradation associated with the non availability of 16‑QAM in different conditions and obtained through simulation and field measurement. The data shows that the reduction in system throughput lies between 10% and 30% for single antenna UE depending on the particular environment and system configuration.

We believe that support of 16‑QAM does not represent a significant complexity increase on the terminal side (compared to everything else that has to be developed for Release-5). Given the potential capacity gains our preference would be to keep 16‑QAM  mandatory for all terminals in Release-5.
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Annex A: Simulation assumptions

	Channel model
	Mixed

· 30% Ped A 3 km/h

· 30% Ped B 10 km/h

· 20% Veh A 30 km/h

· 10% Ped A 120 km/h

· 10% Single path Rician



	TFRC
	Uniform Ec/Nt distribution in log domain

(for no QAM case, added higher code rate QPSK format)

	C/I feedback
	Perfect, 4 slot delay

	Multiplexing
	No CDM multiplexing 

	Control channels
	Not modeled

	Receiver model
	RAKE

	# of users
	70

	Traffic model
	Full buffer

	Scheduling
	Proportional fair [3]

	Number of SF=16 HS‑PDSCH codes
	5, 15

	Available power (Ec_hsdsch/Ior)
	-1 dB (80%), -5 dB (25%)

	Modulation set 
	{QPSK, 16-QAM}, {QPSK}


All other assumptions as in [2]

Annex B: Simulation results

The following results have been produced based on the assumptions listed in Annex A.

	HS-PDSCH # codes, Ec/Ior
	Sector throughput with 16-QAM [kbps]
	Sector throughput without 16‑QAM [kbps]
	Loss [%]

	15 codes, -1 dB

Balanced code & power
	3272
	2954
	9.7%

	15 codes, -6 dB

More codes than power
	1528
	1504
	1.6%

	5 codes, -6 dB

Balanced code & power
	1063
	966
	9.2%

	5 codes, -1 dB

More power than codes
	1846
	1486
	19.5%
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