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1. Introduction

In this contribution we present initial system simulation results comparing HSDPA performance with and without 64QAM. The contribution also discusses UE and base station implementation impairments and how they affect performance in practical deployment scenarios. Finally we also propose how to progress the work in selecting suitable higher order modulations for UL and DL HSPA evolution for practical deployment scenarios.
2. System Simulations
In this section we present initial system simulation results to investigate the gain provided by 64QAM. Simulations were done with two modulation and coding sets presented in Table 1. The second set includes also 64QAM. Up to maximum of 15 HSDPA codes were assumed to be in use. These initial simulations do not include implementation impairments. The table of system simulation assumptions is presented in Appendix A.
The average site throughputs are presented in Figure 1. The round robin (RR) scheduler provides modest throughput gain but proportional fair (PF) scheduler gains are 11% and 5% for Pedestrian A and Vehicular A channels, respectively. The CDFs of user throughputs are shown in Figure 2 and Figure 3. As expected, the 64QAM can improve the throughput of favourable deployed users especially with PF scheduler, and no gain is seen for cell edge users with used traffic model.
Table 1. Modulation and coding sets

	Without 64QAM
	
	With 64QAM

	Code rate
	Modulation
	
	Code rate
	Modulation

	0.5
	QPSK
	
	0.5
	QPSK

	0.75
	QPSK
	
	0.75
	QPSK

	0.5
	16QAM
	
	0.5
	16QAM

	0.75
	16QAM
	
	0.75
	16QAM

	
	
	
	0.5
	64QAM

	
	
	
	0.75
	64QAM
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Figure 1. Average site throughput in PA and VA channels
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Figure 2. User throughput in Pedestrian A channel
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Figure 3. User throughput in Vehicular A channel
3. DL RAN4 Studies

In E-UTRA work the system impact due to implementation impairments has been substantially studied in the past RAN4 meetings. For real life scenarios the impact has been seen so considerable that related E-UTRA work was initiated in RAN4 already during the SI phase. The reference [1] describes proposed simulation assumptions for derivation of E-UTRA BS EVM requirements. We feel that similar approach should also be taken in the HSPA evolution SI in order to achieve real life solution rather than ideal solution. We also see that it is important to carefully analyse the main implementation impacts before finalising the higher order modulation discussions for HSPA evolution. 
In the past RAN4 studies the DL modulation accuracy requirement has been based on a 5% throughput loss criteria for selected Ec/Ior values. The throughput loss, which is caused by a variety of TX impairments (IQ imbalance, DC offset, clipping noise, phase noise) was obtained from link level simulations in AWGN channel conditions. The AWGN noise model was shown to be a reasonably good approximation of these TX impairments. 
Potential 64QAM performance gain for HSDPA has been under discussion in RAN1. It was shown in [2] that there is potentially need for power reduction/PA back-off on 64QAM codes. In [3] it was shown that the downlink performance gains with 64QAM depends critically on the deployment assumptions and the inclusion of channel estimation, the receiver type and transmitter/receiver impairments. It was pointed out that lack of a commonly agreed framework for performance assessment is making direct comparison of simulation results from different sources difficult and RAN1 should agree on a common set of simulation assumptions. We also agree on that but would also want to note that it would be beneficial to discuss practical impairments and feasibility of related RF requirements also in RAN4 similarly as in case of the LTE SI. 
In order to take benefit of 64QAM, very good SIR is needed and therefore the modulation accuracy and sectorization aspects (BS antenna back-lobe) require careful considerations. Based on studies 64QAM would be most relevant for indoor pico-cells or small micro cells. We therefore foresee that related RF performance requirements could be targeted for the MR (micro) and LA (pico) BS classes where on the one hand high SIR values are possible with reasonable location probability and on the other hand modulation accuracy and antenna back lobe leakage aspects are more straightforward to address.
4. UL RAN4 Studies

In the past RAN4 has quite extensively studied UE PA implications due to different UE Tx requirements. For making conclusions on this area has typically required quite notable amount of simulation and alignment work between the companies. We expect this to be the case for UL higher order modulation work as well. Thus, we feel for ensuring that selected UL higher order modulation meets the expectations of practical deployment scenarios, it would be desirable to evaluate and compare different higher order modulation options (namely 8-PSK and 16QAM) including the most essential implementation impairments. 
Figure 4 presents Cubic Metric CDF curves for BPSK, 8-PSK and 16QAM per E-DCH category for all gain factor combinations ( including impractical gain factor combinations). From these CM distributions we can observe that probability for higher CM value for a given category increases when changing to higher order modulation. We also know that increased CM levels indicate larger PA back-off needs as discussed several times in RAN4. Therefore we feel that before concluding the higher order modulation selection for the HSPA evolution SI it would be useful to do further investigations on whether 8-PSK or 16 QAM is actually more attractive for practical deployment scenarios. 
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Figure 4 CM distribution comparison between BPSK, 8-PSK and 16QAM
In order to understand whether e.g. 8-PSK or 16 QAM is more suited for practical UL HSPA evolution scenarios, it would seem beneficial to discuss and agree on common simulation assumptions for investigating the impacts of UE TX implementation impairments on the practical performance. In this way it is less likely that late revisions either to the assumed deployment scenarios or other assumptions are needed.
5. Conclusions

In this contribution we have presented initial system simulation results comparing HSDPA performance with and without 64QAM. The simulations were performed without any implementation impairments. In the contribution we have also discussed UE and base station implementation impairments and how they affect performance in practical deployment scenarios.

In E-UTRA work system impacts due to implementation impairments have been studied substantially already in the SI phase as it was seen that implementation impairments have considerable impact on performance in real life scenarios. We propose that similar approach as in the LTE work for starting implementation impairments studies already in the SI phase would be used in the HSPA evolution work as well. We believe that in this way it is possible to select suitable UL and DL higher order modulation solutions for practical deployment scenarios rather than for ideal conditions. In order to progress the work we would like to suggest that common simulation assumptions between the companies would be agreed in the RAN1 and RAN4 Riga meetings. These simulation assumptions should represent expected typical HSPA evolution deployment scenario(s) relatively well. Therefore, operator input in the scenario discussion is essential. 
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Appendix A: Simulation assumptions for DL HSDPA system simulations
	Parameter
	Value

	Cellular system
	WCDMA - HSDPA

	Cellular layout
	7 cell sites

	Carrier frequency
	2.15 GHz

	Sectors per cell
	3

	Mobiles per site
	60

	Site-to-site distance
	1000 m

	Minimum BS and MS separation
	35 m

	HS-PDSCH transmit power
	75 %

	CPICH transmit power
	10 %

	Thermal noise
	-99 dBm

	BS total transmit power
	38 dBm

	Path loss model
	L = 128.8 + 37.6 log10(d[km])

	Correlation between sites
	0.5

	Correlation between sectors
	1.0

	Standard deviation of slow fading
	10 dB

	Mobile speed
	3 km/h

	Mobile receiver type
	LMMSE chip equalizer with Rx diversity

	Number of multicodes
	15 (variable)

	AMC feedback delay
	3 TTIs

	Fast HARQ scheme
	Chase combining

	HARQ processes
	6

	HARQ transmissions
	4

	Packet scheduler
	Round robin, proportional fair

	Traffic model
	Full buffer
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