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1. Introduction

A new work item to introduce 64QAM to the possible set of modulations in downlink was agreed in TSG RAN#34 [1]. As a part of this work new requirements for BS and UE are to be specified.  In this contribution we discuss what kind of new UE requirements and related assumptions are needed for the introduction of DL 64QAM. 
In the course of the feasibility studies for DL 64QAM the impact of practical impairments was also discussed. It was recognised then that practical implementation impairments have noticeable impact on the DL 64QAM performance but it was also felt that it would be more desirable to study and consider these implications when setting the requirements. In this contribution we discuss what kind of performance evaluations are needed for finding good requirement scenarios for new UE DL 64QAM requirements and how practical BS impairments should be taken into account when setting UE requirements for DL 64QAM. 
2. UE demodulation requirements related to 64QAM 
As a part of the introduction of 64QAM for HSDPA new UE performance requirements should be agreed for relevant areas. The existing HSDPA performance requirements in Section 9 of 25.101 cover the HS-DSCH and HS-SCCH demodulation requirements together with the requirements related to CQI reporting.  In this section we briefly cover these and consider some open issues.
Fixed Reference Channel requirements

Section 9.2 includes the Fixed Reference Channel (FRC) requirements, which verify the UE HS-DSCH demodulation performance, including HARQ and multicode reception as well as different modulation schemes in different propagation conditions. Additionally requirements are defined for the supported transmit diversity modes.

These requirements currently cover QPSK and 16QAM, thus new set of requirements should be introduced for 64QAM. These could be introduced in similar manner as the existing FRC requirements. Thus a new FRC (H-set) should be defined once RAN2 has agreed UE categories related to DL 64QAM and the physical layer details have been agreed by RAN1. The working assumption in RAN2 has been that the 64QAM capability will be introduced assuming also 15 code capability. Currently no requirements have been defined for 15 code capable UE’s in 25.101. The need for introducing requirements for UE’s supporting 15 codes but not supporting 64QAM could be considered.
As a part of the work it is should be discussed whether the existing assumptions (like propagation conditions) should be re-used or whether a sub-set of them would be sufficient, with possible changes to certain parameters like geometry values. 

Based on the WI agreed in TSG RAN#34 DL 64QAM operation should be defined based on the assumptions used for deriving the enhanced performance requirements type2 and type3. Also according to the WI agreed in TSG RAN#34, these requirements should account the BTS impairments to ensure gains in practical deployments. Thus necessary changes to simulation models and assumptions related to this should be agreed. In the section 3 we investigate this issue a bit further.
HS-SCCH

The section 9.4 of 25.101 includes the requirements for HS-SCCH detection with single transmit antenna and Open Loop transmit diversity. Based on the current working assumption used by RAN1, the HS-SCCH structure will remain similar as used in Rel-5, only changes in the interpretation of the information bits will appear. Therefore, it does not seem necessary to create new HS-SCCH performance requirements as the basic functionality regarding the new HS-SCCH interpretation will be verified by Fixed Reference channel requirements.
CQI reporting

The requirements for the accuracy and compliance of CQI reporting in AWGN and fading conditions are defined in Section 9.3. This section similarly as the section of the HS-DSCH demodulation requirements includes sub-sections for different transmit diversity options. The current Channel Quality Indicator reporting requirements apply similarly to all UE categories including also enhanced performance requirements. With the addition of 64QAM to the possible set of modulation in downlink the CQI tables need to be defined by RAN1.  It might desirable to accommodate the dynamic range of the CQI values to account the 64QAM better, and RAN1 is considering this as a part of the work determining the CQI tables for 64QAM.  Depending of the decisions made by RAN1, for example related to CQI granularity, the validity of existing CQI requirements would need to be checked and new requirements to be defined if seen necessary.
3. Scenario analyses for setting requirements for DL64QAM 
As noted in the previous section, one of the agreements made in TSG RAN#34 was that UE requirements should take into account BS impairments. For ensuring that DL 64QAM will provide benefits in terms of increased user throughputs in practical deployment scenarios it would seem important that proper evaluation of DL 64QAM requirement setting is done. In this evaluation it should be identified where and how the BS and UE requirements should be set so that the benefits in user throughputs can be guaranteed.  
New DL 64QAM requirements should enable good user throughput performance but at the same time the requirements should also provide guidance for implementation and allow feasible implementation complexity. There is a high risk that if the evaluation of new requirement scenarios is not appropriate, the feature may not measure up to the expectations due to high performance losses or unnecessary stringent implementation assumptions especially for terminals. Minimum BS requirements might not allow sufficient user throughput performance due to too wide and general requirement assumptions. This could mean that instead of practical BS assumptions, only ideal BS assumptions could be used for deriving UE requirements. Since the benefits of DL 64QAM features are rather limited to specific deployment scenarios, the risks for creating an impractical feature is also higher in this case.
In this section we present initial system simulation results investigating the impact of NodeB EVM on user throughputs. In the simulations we have used a scenario, which was used to obtain the results presented in [3], modified based on the feedback received in RAN4#41. The scenario is the same as the one used in HSDPA MIMO studies with and without the cell isolation. To account the comments received, the site to site distance of 500m meter has been evaluated in addition to 1000m. It should be noted that the simulated scenario is not proposed to be directly adopted for the further work done on the area in RAN4 but it was seen as a suitable starting point for our initial simulations as the same scenario was also used in the recent HSDPA MIMO studies. Different scenarios and assumptions have been used in DL 64QAM results presented in RAN1 [4]-[7] and it is seen important that in RAN4 common assumptions (for identifying), in which conditions and how new DL 64QAM requirements should be defined, are agreed. 
The evaluations were done in Pedestrian A propagation profile assuming velocity of 3km/h. Pedestrian A profile was chosen as mildly dispersive channels were seen to be more prominent for 64QAM deployment. The main simulation parameters are summarised in Annex A.

Our initial system simulations studying BS EVM impacts on achievable user throughputs were performed with BS EVM levels ranging from 7% to 11 %, which could be considered as a range appropriate for BS EVM minimum performance requirements. However, it is expected that there are scenarios where better BS EVM performance could be achieved and it might be beneficial to do further performance evaluation in these cases as they have high potential for practical DL 64QAM deployments, especially as DL 64QAM cannot really be considered as capacity enhancement scheme but rather a method for improving peak user throughputs. 
Figure 1 and 2 present user throughput cumulative probability distributions in Pedestrian A 3km/h at inter site distances of 1000m and 500m. It can be seen that the impact of the TX EVM is most visible at high user data rates or at high geometries, as could be expected. The utilization of 64QAM is order of 10% in fully ideal case, reduced as the EVM is increased. As in case of both site to site distances the other cell interference limits the maximum obtainable SNR, the results indicate basically similar  performance and EVM impact.
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Figure 1. User throughput cdf in PA3 at 1000m site-to-site distance without additional cell isolation
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Figure 2. User throughput cdf in PA3 at 500m site-to-site distance without additional cell isolation 


Similar results are shown figures 3 and 4 with 6dB cell isolation. 64QAM selection probability has increased to a level of 30% in the simulations with 6 dB cell isolation. Also higher user throughputs are observed in these simulation results. Due to limited set of MCS used in the simulation the throughput starts to saturate in the isolated case. Therefore the impact of EVM is slightly less than in non-isolated case at 95% user throughput region, however still visible in the 60 ... 80% CDF region.  
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Figure 3. User throughput cdf in PA3 at 1000m site-to-site distance with 6dB cell isolation
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Figure 4. User throughput cdf in PA3 at 500m site-to-site distance with 6dB cell isolation


In order to truly understand what would be suitable operating scenario for DL 64QAM deployments, which could also be used for deriving the new UE requirements for DL 64QAM it would be important to first agree the scenarios to be evaluated and additionally what level of user throughput loss is seen acceptable. We would like to hear the views of other companies what would be suitable criteria for requirements setting in this case. In order to progress the work of requirement setting in timely manner it would be good if RAN4 was able to decide upon evaluation scenarios and criteria in this meeting. 
4. Conclusions

In this contribution we have analyzed what new UE demodulation performance requirements could be needed for the introduction of DL 64QAM. We have also shown system simulation results investigating the impacts of the practical BS EVM impairments  ranging from 7% to 11% on user throughput performance with DL 64QAM. The simulation results indicate that a proper evaluation for DL 64QAM requirements setting is needed in similar as has been done for E-UTRA in order to understand where and how the BS and UE requirements should be set for ensuring the potential peak user throughput improvements of DL 64QAM in practical deployment scenarios.

As already discussed during the SI phase, it is expected that the benefits of DL 64 QAM are mainly limited to fractional load scenarios or isolated cell scenarios, where capacity is not an issue, and when radio conditions are favorable. To make DL 64QAM an attractive feature for practical network deployments and enable good terminal performance on the field while maintaining reasonable UE complexity it is even more important than in case of typical capacity improvement features to carefully identify suitable requirement scenarios. 
During the requirement scenario analyses it may also be necessary to evaluate the user throughput performance in scenarios where better BS EVM than the minimum BS EVM performance can be achieved. It might also be desirable to investigate whether new UE Rx demodulation performance requirements for DL 64QAM should also be considered in these very good conditions, which are desirable for DL 64QAM deployment. Thus we would invite views how to proceed, and possibilities to determine suitable scenario to evaluate the needed UE Rx demodulation performance. 
In order to progress the work in timely manner it would be good if in this meeting RAN4 was able to decide upon 
· DL 64QAM evaluation scenarios for requirement setting and 
· criteria for defining acceptable throughput losses. 
Then the work could progress with simulations for identifying suitable requirements assumptions and detailed scenarios.
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Appendix A: Simulation assumptions for DL HSDPA system simulations
Table 1. Main system simulation parameters
	Parameter
	Value

	Cellular system
	WCDMA - HSDPA

	Cellular layout
	19 cell sites

	Carrier frequency
	2.15 GHz

	Sectors per cell
	3

	Mobiles per site
	30

	Site-to-site distance
	500m and 1000m

	Minimum BS and MS separation
	35 m

	HS-PDSCH transmit power
	75 %

	CPICH transmit power
	10 %

	Thermal noise
	-99 dBm

	BS total transmit power
	43 dBm

	BS TX EVM
	0%, 7%, 9% and 11%

	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) (See Table 2 for MCS)

	AMC feedback delay
	3 TTIs

	Fast HARQ scheme
	Chase combining

	HARQ processes
	6

	HARQ transmissions
	4

	Packet scheduler
	Round Robin

	Traffic model
	Full buffer


Table 2. Modulation and coding sets
	With 64QAM

	Code rate
	Modulation

	0.5
	QPSK

	0.75
	QPSK

	0.5
	16QAM

	0.75
	16QAM

	0.5
	64QAM

	0.75
	64QAM
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