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1
Introduction
One of the objectives within the study item on small cell enhancements – physical layer aspects is listed as follows:

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· 
Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals.

In RAN1#72, evaluation methodology for higher order modulation was discussed and it was agreed to send an LS [1] to RAN4 about the level of transmitter/receiver EVM that could be assumed in evaluations of higher order modulations. Thus, RAN1 is essentially waiting for a reply from RAN4 in order to be able to conclude on the benefits of 256QAM. Meanwhile, simulations are run with a range of different EVM values. In this contribution we provide our link-level results on 256QAM as well as system-level results in the agreed small cell simulation scenario 2a.
2
Link-level simulations
We ran link-level simulations on 256QAM benefits using the agreed simulation assumptions, see Appendix A for our detailed assumptions. In the simulations we have modelled link adaptation (including OLLA) including MCSs up to 64QAM 5/6 and up to 256QAM 5/6. Explicit rank adaptation is not included in the simulation, however to see the benefits of 256QAM over 64QAM rank 2 transmissions we show the results separately for (fixed) rank 1 and rank 2. The result is shown in Figure 1. For rank 1, 256QAM starts impacting around 17-18 dB SINR. However, when considering also rank 2, the benefits start to be visible only around 25 dB. EVM is not considered in the link simulation of Figure 1 as in link simulations the EVM would mainly scale the SINR axis (essentially shift the curves according to the changed equivalent SINR). Anyway, based on the result it can be said that 4%-6% overall EVM would be needed to get even close to the SINR levels required for 256QAM.
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Figure 1. Results on the benefits of 256QAM for rank-1 and rank-2.
3
System-level simulations
In addition to the link-level simulations, we also ran system-level simulations in the agreed small cell scenario 2a.The detailed assumptions are listed in Appendix B – essentially we followed the assumptions agreed in [2]. For scenario 2a, we simulated a dense case with two small cell clusters per macro, with 10 small cells per cluster. We used FTP traffic model 1 where the offered traffic load was 60 Mbps corresponding to UE arrival rate of λ=15 UEs/s with the file size of 0.5 Mbytes. As the baseline we used 64QAM with EVM of 8% and further simulated 256QAM with the agreed EVM values of 8%, 6% and 4%. The resource utilization and user throughput of the UEs associated with the small cells is shown in Table 1. Clearly 8% EVM is not enough for providing gains from 256QAM. On the other hand with 4% EVM healthy double-digit gains are observed – however it is noted that this result is for a very low resource utilization and hence low inter-cell interference (resource utilization of the macro layer was around 40%). Furthermore we have not modelled CRS interference, so more studies would be needed to conclude on the benefits of 256QAM.
Note that regarding 6% EVM (25 dB maximum SNR) somewhat different conclusions could be made from the system-level results than from our link-level results in Figure 1. Here it is noted that there is a difference in the channel model where a cross-polarized antenna setup is used in the system-level simulations, providing good isolation between the MIMO streams. On the other hand, in the system-level evaluation rank adaptation is also used, and even at higher SINR rank is sometimes constrained to one in which case 256QAM provides gains.
Table 1. Resource utilization and user throughput for small cells.

	Modulation (EVM)
	Resource utilization
	5% (Mbps)
	50% (Mbps)
	95% (Mbps)
	Mean (Mbps)

	64QAM (8%)
	8.1%
	13.47 
[0%]
	36.70
[0%]
	51.28
[0%]
	35.18
[0%]

	256QAM (8%)
	7.9%
	13.84 [+2.8%]
	37.04 [+0.9%]
	51.95 [+1.3%]
	35.22
[+0.1%]

	256QAM (6%)
	7.4%
	14.53 [+7.9%]
	39.60 [+7.9%]
	61.54 [+20.0%]
	38.87 [+10.5%]

	256QAM (4%)
	7.0%
	15.28 [+13.4%]
	41.24 [+12.4%]
	63.49 [+23.8%]
	40.83 [+16.1%]


4
Conclusions

Based on our results we can make the following preliminary observations:

Observations:

-
At link-level, 256QAM starts to be beneficial around 25 dB SINR when up to 2-layer SU-MIMO is considered.
-
System-level simulations indicate that in case of very low resource utilization, double-digit gains are available from 256QAM if EVM is below 6%.
-
The gains can be utilized significantly better if EVM is as low as 4%.
-
More studies are needed considering higher resource utilization as well as the impact of CRS interference.
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Appendix A – Link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler spread (Hz)
	EPA, 10 Hz

	Interference model
	AWGN

	PDSCH resource allocation
	3 PRBs

	Transmission scheme / mode
	Closed-loop fixed rank-1 / rank-2 transmission / TM10

	HARQ
	Enabled, up to 4 transmissions

	Link adaptation
	Enabled (QPSK, 16QAM, 64QAM), OLLA enabled

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	CQI granularity
	Narrowband

	PMI/CQI reporting delay
	8 ms

	PMI/CQI reporting periodicity
	5 ms

	CSI-RS configuration
	2-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Channel/interference estimation for demodulation
	DM-RS: Realistic channel estimation, ideal interference covariance

	UE receiver
	LMMSE-IRC


Appendix B – System-level simulation assumptions
	Parameter
	Value

	Simulation case
	Scenario 2a according to R1-130856. 2 clusters, 10 picos / cluster

	Carrier frequency / system bandwidth
	2.0 GHz for macro / 3.5GHz  for pico

	Channel model and propagation
	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
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	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
	FTP Model 1, buffer size 0.5Mbytes

	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


