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Discussion and decision
1
Introduction
The work plan for small cell SI cites 256-QAM as one of the potential improvements to study. Considering the probability that small cells might be more isolated from interference (especially in indoor environments), such enhancements might well be feasible. In this contribution, we discuss how the feasibility should be evaluated and present some initial evaluation results.

2
Potential of 256QAM in small cell deployments 

The Rel-12 scenarios (see [1] and e.g. [4] for proposals on how to approach the scenarios in the first phase) can be divided into two cases: indoor and outdoor scenarios. For indoor, [4] proposes to use the dual stripe scenario, and for outdoor, an extension of the Rel-11 macro-pico scenario can easily be envisioned (as done also in [4]).
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Figure 1. Geometry distribution for macro-pico scenario with different number of pico cells, separate carrier for pico cells. The black-dotted line shows the estimate of the minimum possible 256QAM operating point (further simulations and RAN4 consultation is needed to ensure the validity of the estimation).
Figure 1 shows the geometry distribution of macro-pico scenario with both sparse (1 or 2 pico cells) and dense (5 or 10 pico cells) deployments. The macro cell is assumed to be on its own carrier, so here the picos are not suffering from the macro interference at all. The black dotted line in the figure also roughly corresponds to the range where we expect 256QAM may start to become feasible, i.e. after ~20 dB point. However, it is obvious that more detailed studies would be needed to better evaluate the SINR operation point for 256QAM. But based on the above results, especially for the sparse pico deployments, 256QAM might be feasible for small cell deployments.

Observations:
-
256QAM might be feasible in separate carrier small cell deployments where high SINR conditions are achievable.
-
Especially in case of sparse small cell deployments with low interference.
3
Evaluation methodology for 256QAM studies 
For feasibility evaluations of 256QAM, two phases of evaluation are needed: 

1) Link level simulations to assess the BLER performance points for 256QAM with realistic receiver baseband assumptions, to evaluate and calibrate among different companies what is the required SINR operation point for 256QAM. This SINR operation point needs to be benchmarked against what is achievable in practice, in terms of scenarios but especially in terms of RF impairments at both the transmitter and the receiver (e.g. transmitter EVM requirements). RAN4 consultation will be needed to assess the achievable maximum SINR in terms of RF impairments.
2) System level simulations to assess the achievable system level gains in Rel-11/12 scenarios with 256QAM compared to using only modulations up to 64QAM. In these evaluations, the SINR bounds due to RF impairments should be taken into account. Before the actual SINR bounds have been agreed, system-level simulations can be run for example with a set of different values ranging for example from 25 dB to 30 dB.
Phase 2 requires also that RAN1 has agreed on the scenarios where 256QAM is expected to be used and therefore in which scenarios 256QAM is to be evaluated. These evaluations should finally show the achievable gains in coverage/average/peak data rates for 256QAM in the selected Rel-11/12 scenarios.

Proposal:

· SINR limitations due to RF impairments need to be taken into account in the 256QAM evaluations.

· Ask RAN4 about the maximum SINR achievable at the receiver baseband input taking into account RF impairments.
4
Preliminary system level results for 256QAM

System-level simulations were run to obtain preliminary system level results on the benefits of introducing 256QAM. Table 1 shows preliminary analysis of gains achievable with 256QAM in the separate carrier macro-pico scenario depicted in Figure 1. Detailed simulation assumptions have been listed in the annex. As can be seen, the average data rate gains can be up to 25% and peak data rate gains up to 29%. It is noted that in these simulations the bounds on maximum SINR were not taken into account at all.
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Figure 1. Illustration of the macro-pico scenario used in the simulations.
Table 1. Spectral efficiency for 256QAM and 64QAM in a macro-pico scenario. The number of picos per macro is 1,2,5 or 10.

	Pico cells / MCA
	MCS
	Average data rate  [Mbps/user]
	Peak data rate
(95% percentile) 
[Mbps/user]

	
	
	
	

	1
	64QAM
	6.96
	11.62

	
	256QAM
	8.68 [+24.7%]
	14.98 [+28.9%]

	2
	64QAM
	6.04
	10.51

	
	256QAM
	7.20 [+19.2%]
	12.86 [+22.4%]

	5
	64QAM
	4.25
	9.05

	
	256QAM
	4.56 [+7.3%]
	10.65 [+17.7%]

	10
	64QAM
	2.73
	7.04

	
	256QAM
	2.60 [-4.8%]
	6.73 [-4.4%]


Based on these, we conclude that 256QAM might give reasonable gains in small cell scenarios, but further studies are still needed.
Observation: 
-
Preliminary system-level simulation results indicate healthy double-digit gains in terms of average and peak spectral efficiency due to 256QAM.

-
Further studies are needed, taking into account SINR limitations due to RF impairments.
4
Conclusions

We have discussed the usage of 256QAM in small cell environment and the methodology for evaluating 256QAM in the study item. We have the following proposal regarding the evaluation methodology:

Proposal:

· SINR limitations due to RF impairments need to be taken into account in the 256QAM evaluations.

· Ask RAN4 about the maximum SINR achievable at the receiver baseband input taking into account RF impairments.

We also showed preliminary results indicating up to 25% increase in average data rate and 29% increase in peak data rate for some small cell scenarios. Hence about the 256QAM performance, currently we have the following observations:
Observations:
-
256QAM might be feasible in separate carrier small cell deployments where high SINR conditions are achievable.
-
Especially in case of sparse small cell deployments with low interference.

-
Preliminary system-level simulation results indicate healthy double-digit gains in terms of average and peak spectral efficiency due to 256QAM.


-
Further studies are needed, taking into account SINR limitations due to RF impairments.
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Annex A: 
System level simulation assumptions

Our system-level simulation assumptions are listed in Table 2. Note: 256QAM was modelled using link-to-system mapping based on AVI tables for 256QAM.

Table 2. System-level simulation assumptions used for the evaluation of 256QAM.

	Parameter
	Value

	Simulation case
	Macro+pico scenario according to [5], where N picos are randomly dropped into macro cell (Case1) geographical area.

	Number of pico cells in macro cell area
	1, 2, 5, 10

	Pico-to-pico minimum distance
	40 m

	UE dropping
	Hotspot dropping (configuration 4), 10 UEs dropped per pico node

	Carrier frequency / system bandwidth
	2.0 GHz/10 MHz 

	Channel model and propagation
	Full ITU (ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links) 

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Ideal

	Channel estimation for demodulation
	Ideal (AVI table)

	UE Feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12RE/PRB 

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


