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1. Introduction
Contributions [1]-[6] discussed the potential performance gains achievable with inclusion of 64QAM modulation in HSDPA.
This contribution provides system-level results with and without 64-QAM.

The deployments considered are:

a) Macro-cellular – the LTE case #1, with the TU 3 km/h multi-path model
b) Micro-cellular – the case suggested by operators in [7], with the TU 3 km/h multi-path model
2. Simulation results
2.1. Macro-cellular deployment

Network parameters were selected to closely follow the E-UTRA macro-cellular case #1 in section A.2.1 of [8]. 10 users were dropped per sector with a full-buffer traffic model. The UEs had 2 receive antennas, an LMMSE equalizer, and all experienced a TU 3 km/h channel model. Channel estimation was modeled. The other simulation parameters are given in the annex of this document.
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Figure 1: User throughput distribution for 10 users/sector in a macro-cellular deployment

Figure 1 shows that the introduction of 64-QAM benefits a good fraction of users. In particular, the throughput for the top 20% of the users is noticeably increased.

Table 1 summarizes the improvements in sector throughput, as well as the average throughput of the 90 percentile (top 10%) users, where the user throughput was normalized for 1 user/sector. The sector throughput increase is modest, but the average data rate increase of the 90 percentile users is significant.
Table 1: Performance gain of 64-QAM in a macro-cellular environment

	
	Without
64-QAM
	With
64-QAM
	Improvement

	Sector Throughput
	6.89 Mbit/s
	7.35 Mbit/s
	7%

	Normalized 90%-tile User Throughput
	12.3 Mbit/s
	15.7 Mbit/s
	28%


Finally note that although this simulation limits the benefit of 64-QAM to users with good C/I, in practice all users in the cell will benefit as the higher data rates will allow to more rapidly satisfy the high C/I users and thereby leave more time to serve the other users. In other words, just like in any client-server system, if the service time of a portion of the users is improved, the average waiting time of all the users in the system will improve.
2.2. Micro-cellular deployment

In this scenario network parameters were selected to closely follow the recommended parameters specified by operators in contribution [7]. The TU 3 km/h multi-path model was also used. The Node Bs were assumed to be small devices using an omni-directional whip antenna with no antenna gain. Furthermore, following [7] a 6 dB path loss was introduced for non-serving cells to model site-to-site isolation, the maximum cell power was limited to 6.3W, and the carrier frequency was set to 1900 MHz.
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Figure 2: User throughput distribution for 10 users/sector in a micro-cellular deployment

Figure 2 depicts the CDF of data rates in the micro-cellular deployment. This time 50% of the users benefit noticeably from the introduction of 64-QAM. This comes from the fact that in this deployment scenario the cell area with good C/I is bigger than in the macro cellular scenario.
Finally Table 2 summarizes the 90-percentile user throughput and the sector throughput gains in this micro-cellular scenario. Although the 90-perecentile improvement is similar as for the macro-cellular environment, the cell throughput improvement is now much larger.
Table 2: Performance gain of 64-QAM in a micro-cellular environment

	
	Without
64-QAM
	With
64-QAM
	Improvement

	Sector Throughput
	10 Mbit/s
	11.3 Mbit/s
	13%

	Normalized 90%-tile Throughput
	12 Mbit/s
	15.6 Mbit/s
	30%


3. Conclusion

System-level simulation results were performed for macro-cellular and micro-cellular deployment scenarios to evaluate the benefit of 64-QAM. Under the assumption of a full-buffer traffic model 64-QAM significantly improves the 90%-tile user throughput in both scenarios, and significantly improves the sector throughput in the micro-cellular scenario.

We note also that even though only the high C/I users utilize 64-QAM, in practice the benefit is felt by all users in the cell as the improved performance of high C/I users leaves more remaining capacity for all the other users in the system. The introduction of 64-QAM therefore benefits on average all users in a given sector.

4. Annex: Simulation assumptions

	Multipath channel models
	· 6-path TU2, 3 km/h
· Fader type: JTC

	Cell layout and link budget
	· Site-to-site distance: 500 m

· Path loss: L=128.1 + 37.6log10(R), R in kilometers
· Log-normal shadowing: 8 dB

· Shadow-correlation between co-located cells: 1.0

· Shadow-correlation between non co-located cells: 0.5
Parameters specific to the macro-cellular scenario:

LTE case #1 deployment scenario ([8] Annex A.2.1):

· Hexagonal grid, 19 cell sites, 3 sectors per site
· Simple sectorized antenna (no down-tiliting)
· Node B power: 43 dBm
· Carrier frequency: 2 GHz
Parameters specific to the micro-cellular scenario:

· Hexagonal grid, 19 cell sites, 1 sectors per site

· Omni directional antenna, no antenna gain
· Node B power: 38 dBm

· 6 dB additional path loss from non-serving cells
· Carrier frequency: 1.9 GHz

	Node B resources
	· Power for HS-DSCH: 75%
· OVSF codes reserved for common channels:

Channel

SF

Nb

CPICH

256

1

P-CCPCH

256

1

S-CCPCH

256

1

E-AGCH

256

1

AICH

256

1

PICH

256

1

· OVSF code usage modeled for dedicated channels: Not Modeled

· Up to 8 simultaneous HS-DSCH transmissions allowed.

	UE resources
	· Rx antennas: 2; balanced, uncorrelated
· LMMSE equalizer

· New UE penetration: 100%

	Traffic model
	· Full-buffer traffic
· 10 users per cell
· SDU size: 320 bit

	Signaling traffic
	· Not modeled

	Scheduler
	· Proportional Fair
· The throughput of each user is allocated proportionally to the user’s average instantaneous data rate.

	Feedback delays
	· CQI delay: 8 slots from time of measure to start of HS-PDSCH transmission
· HARQ delay: minimum 15 slots from end of a transmission to start of a re-transmission

	Error modelling
	· HS-PDSCH:

· AWGN short-term curve with losses (de-mapping, puncturing, etc.)
· Channel estimation modeled

· HS-SCCH:
· AWGN short-term curve


References

[1] R1-061995

“Performance Study on 64QAM for HSPDA”, Motorola, RAN1 #46

[2] R1-062264

“64QAM for HSDPA – Link-Level Simulation Results”, Ericsson, RAN1 #46

[3] R1-062265

“64QAM for HSDPA – System-Level Simulation Results”, Ericsson, RAN1 #46
[4] R1-061995

“Further Observations on 64QAM for HSPDA”, Motorola, RAN1 #46bis

[5] R1-062264

“64QAM for HSDPA Impact of Cell Isolation”, Ericsson, RAN1 #46bis

[6] R1-062265

“64QAM for HSDPA Impact of Power Back-Off”, Ericsson, RAN1 #46bis
[7] R1-051626

“Reference scenario for the selection of the UTRA MIMO scheme, Cingular Wireless, Orange, 3, Telecom Italia, T-Mobile, Vodafone Group, RAN1 
[8] TR25.814
“Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA) (Release 7)”, 3GPP
1
1

