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Discussion

1
Introduction
RAN4 has provided guidance on the practically achievable EVM values to assume for DL higher order modulation in [1]. In RAN#61 the study item on Small Cell Enhancements – Physical Layer was extended, with the open items for further studies listed in [2]. In this contribution we focus on the following topic:

· “Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission
In this contribution we provide system-level evaluations of 256QAM PDSCH performance in some relevant scenarios, taking into account the EVM values identified in [1]. Standardization impacts of supporting 256QAM are discussed in a separate document [3]. 

2
Simulation assumptions 

The RAN4 LS reply in [1], provides the following guidance for modelling the impairments to be assumed in small cell scenarios for 256QAM PDSCH system performance evaluations:

1) TX and RX EVM can be modelled by an AWGN component. 
2) Low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4%.

3) UE's may achieve Rx EVM in the range of 1.5~4%.

In order to evaluate the upper and lower bounds of 256QAM performance, we considered the following combinations of {TX, RX} EVM in our simulations: {3, 1.5}, {3, 4}, {4, 1.5}, {4, 4}. 

As discussed in a companion contribution on standardization impacts of 256QAM DL modulation [3], eventual support of 256QAM PDSCH requires modifications to MCS/TBS definition, and might have a potential impact to CQI tables as well. In the provided simulations, the reference symbol and control channel overhead were chosen such that the three highest TBS entries are not available if 64QAM modulation is used due to the limitation of the maximum CR to be 0.93. By replacing the corresponding MCS values with 256QAM modulation, the peak throughput is possible to be increased. The chosen simulation assumptions therefore correspond to the least modifications to the specifications in relation to enabling support for 256QAM. The simulations do not include effects of potentially modified CQI tables and other signalling schemes that may further impact performance.
The remaining simulation assumptions can be found in the Appendix.
3


256QAM PDSCH Performance Evaluation 

Figure 1 shows the mean packet throughput for the small cell layer in scenario 2a, for different values of UE arrival rate and varying configurations of TX and RX EVM. 
The negative impact of TX and RX EVM is clearly visible in Fig. 1, with more substantial impact of RX EVM compared to TX EVM. This is as expected as the RX EVM increases the receiver noise level with a flat power spectral density, while the TX EVM is faded by the frequency selective channel in a similar manner as the desired signal part. The loss in performance with RX EVM = 1.5% is approximately 3-5% for the load points shown in Figure 1, while for RX EVM = 4% the loss in performance is approximately 13-15% compared to an ideal UE receiver (RX EVM = 0%). 
Observation 1: Mean packet throughput is impacted by both TX and RX EVM in scenario 2a. Impact of RX EVM is more significant than that of TX EVM.
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Figure 1: Mean packet throughput as a function of UE arrival rate in SCE scenario 2a.
Since 64QAM DL modulation might also be impacted by the TX and RX impairments under consideration, it is important to evaluate relative performance by comparing to a legacy system with same level of impairments. Table 1 summarizes the gain of a system supporting 256QAM PDSCH modulation over a legacy system being limited to 64QAM PDSCH operation, measured in terms of mean packet throughput. The resource utilization (RU) is shown in each case for the reference system, i.e. without 256QAM DL modulation. The evaluations in Table 1 are performed in scenario 2a, for UE arrival rates of 5 and 10 UEs/s, as well as for full buffer case. 
Table 1: Gain of 256QAM PDSCH in scenario 2a for UE arrival rates 
of 5 & 10 UEs/s as well as full buffer traffic:
	TX/RX EVM
	Mean packet TP gain,
5 UEs/s
	Resource Utilization,
5 UEs/s
	Mean packet TP gain,
10 UEs/s
	Resource Utilization, 10 UEs/s
	Mean packet TP gain, Full buffer

	TX = 0% / RX = 0% (no impairments)
	21%
	8%
	18%
	19%
	7%

	TX = 3% / RX = 1.5%
	20%
	8%
	17%
	19%
	7%

	TX = 3% / RX = 4%
	12%
	8%
	10%
	20%
	1%

	TX = 4% / RX = 1.5%
	16%
	8%
	14%
	19%
	3%

	TX = 4% / RX = 4%
	9%
	8%
	9%
	20%
	0%


From Table 1 it is clear that both TX and RX EVM have significant impact on the system-level gain of 256QAM DL modulation over legacy system operation. For the smallest TX/RX EVM values of {3%, 1.5%} the mean packet throughput gain is close to that of the system without TX and RX impairments, even though the absolute throughput values are reduced, as shown in Figure 1. A change in TX EVM from 3% to 4% implies a drop in potential gain of 4 and 3 percentage points for the cases of 5 and 10 UEs/s, respectively, in case of 1.5% RX EVM. For RX EVM = 4%, the mean packet throughput gain is in the range of 9% to 12%, meaning that the gain is approximately half of that observed by the system without impairments. The gains reduce significantly in full buffer traffic, ranging from 0% to 3% for 4% TX EVM, and from 1% to 7% for 3% TX EVM.
Observation 2: For FTP1 traffic, the mean packet throughput gain is approximately 14% to 20% for 1.5% RX EVM, while for RX EVM = 4% the gain is reduced to the range of 9% to 12%. In case of full buffer traffic, the gains reduce further to 0% to 7% depending on the TX/RX EVM.
Cell-edge gains are small throughout the range of tested EVM values, ranging from 1% to 7% in case of FTP1 traffic model, and between -3% and 2% for full buffer traffic. The impact of 256QAM DL modulation to cell-edge gain is indirect, as those transmission for those UEs are not using 256QAM DL modulation, and hence the correlation between EVM values and load is less evident. 

Observation 3: Cell-edge gains are small throughout the range of tested EVM values, ranging from 1% to 7% in of FTP1 traffic, and between -3% and 2% for full buffer traffic.
From Figure 1 and Table 1, it is clear that both gains and absolute values of mean packet throughput decrease with the system load. It should be noted that with UE arrival rate of 10 UEs/s the RU at macro cell layer is already 80%. For different deployments with more offloading potential to individual small cells, it is reasonable to expect the gains to reduce further due to the higher load on the small cell layer, which is confirmed by the full buffer traffic results in Table 1. Please note as well that the simulations assume same CRS v-shift, i.e. no CRS interference to PDSCH. Since the RU in small cell layer is very low in this scenario, for different CRS configurations the extra interference from neighbour cell CRS is likely to imply lower gains compared to legacy system. 

Observation 4: The observed mean packet throughput gains are dependent on the system load, and they are smaller the higher the system load. 
Observation 5: Neighbour cell CRS to PDSCH has not been modelled in evaluations. Therefore, the extra interference from neighbour cell CRS will lower the gains compared to legacy system further.
4
Further considerations on eNB power back-off
In [1] it is stated that:

Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size.
While 256QAM DL modulation can be seen in principle as a UE-specific feature without impact to operation of other UEs not supporting the feature, the required power back-off and/or relaxed clipping indicated in the RAN4 LS reply impacts coverage of the small cells in general, and cannot be restricted only to UEs supporting 256QAM DL modulation. Please note that such reduced coverage and the corresponding impacts are not included in the simulations presented in this contribution. 
Observation 6: In order to support lower TX EVM values required for 256QAM DL modulation, the small cells are assumed to apply power back-off and/or reduced clipping. The resulting reduced coverage impacts also UEs not supporting 256QAM DL modulation feature, further reducing the observed system-level gains of potential 256QAM PDSCH operation.

5
Conclusions
In this contribution we have analyzed performance of 256QAM DL modulation by means of system-level simulations. The following observations have been made:

· Observation 1: Mean packet throughput is impacted by both TX and RX EVM in scenario 2a. Impact of RX EVM is more significant than that of TX EVM.
· Observation 2: For FTP1 traffic, the mean packet throughput gain is approximately 14% to 20% for 1.5% RX EVM, while for RX EVM = 4% the gain is reduced to the range of 9% to 12%. In case of full buffer traffic, the gains reduce further to 0% to 7% depending on the TX/RX EVM.
· Observation 3: Cell-edge gains are small throughout the range of tested EVM values, ranging from 1% to 7% in of FTP1 traffic, and between -3% and 2% for full buffer traffic.

· Observation 4: The observed mean packet throughput gains are dependent on the system load, and they are smaller the higher the system load. 
· Observation 5: Neighbour cell CRS to PDSCH has not been modelled in evaluations. Therefore, the extra interference from neighbour cell CRS will lower the gains compared to legacy system further.

· Observation 6: In order to support lower TX EVM values required for 256QAM DL modulation, the small cells are assumed to apply power back-off and/or reduced clipping. The resulting reduced coverage impacts also UEs not supporting 256QAM DL modulation feature, further reducing the observed system-level gains of potential 256QAM PDSCH operation.
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Appendix

Detailed simulation assumptions can be found in Table 2 below.

Table 2: System-level simulation assumptions

	Parameter
	Value

	Simulation case
	Scenario 2a according to R1-130856. 1 cluster, 4 SCs / 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
	LMMSE-IRC, Wishart-based interference covariance

	Channel estimation for feedback
	Ideal

	Channel estimation for demodulation
	Ideal

	UE Feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 5 ms reporting interval

	Scheduler
	TD-FD: PF-PF

	Traffic model
	FTP Model 1, packet size 0.5Mbytes; full buffer

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

DM-RS: 12RE/PRB 

CSI-RS: 1 RE/port/PRB per 5 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 5 retransmission, chase combining

	TX EVM (small cells)
	{0%, 3%, 4%}

	RX EVM
	{0%, 1.5%, 4%}
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