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Introduction

RP #58 meeting the study of physical-layer enhancements for small cell scenarios was approved, and the DL higher order modulation was expected to be a candidate solution to exploit the increased channel capacity. In RAN1 #72 meeting, an LS to RAN4 was agreed to seek guidance on suitable EVM values to assume for DL higher order modulation (for each of the small cell TX powers in 36.814), and also on the level of UE receiver impairment that should be assumed to be applicable to signal reception in high geometry that are like to be relevant for higher order modulation. Besides that, the initial simulation assumptions were also agreed through online and offline discussion. In RAN1 #72 meeting RAN4 replied that improved EVM values compared to existing requirement of 8% can be achieved for low power BS, but further discussions are still needed in RAN4 to determine the EVM values. Therefore it’s still valuable to study how much performance gain can be achieved based on different possible EVM values in case higher order modulation is applied.

In this contribution, we show the potential of using 256QAM to achieve higher cell capacity since number of UEs enjoying high geometry values is enlarged in the small cell scenario. The simulation results based on the selected scenario and agreed simulation assumptions are provided. And after that, the impact of 256QAM to the system and specification is analyzed.

Benefit of 256QAM in small cell scenario
In LTE Rel. 8, QPSK, 16QAM and 64QAM has been specified for data transmission. The UEs in best channel conditions (geometry ≈ 20dB) can benefit from the most efficient MCSs, in which 64QAM is utilized and 6 coded bits is carried in each RE. Considering indoor or hotspot small cells deployed, especially for the sparse scenarios, the ratio of high geometry UEs is much higher than the typical urban outdoor coverage. As observed from figure 1, more than 40% UEs can enjoy >20dB geometry in SCE scenario 3 sparse and 256QAM can be employed by those UEs to further exploit the channel capacity. Since 8 coded bits can be carried by each modulated symbol, at most 33% throughput gain is expected compared with the existing MCS.

In order to verify the achievable throughput gain by employing higher order modulation, we’ve done the initial system level simulations based on the agreed SCE scenario 3 sparse [1]. In this scenario, the interference to UEs dropped in the building comes only from the small cell in the same building but the UE is not associated to. Some UEs in this scenario may have really good channel conditions and these UEs are considered the main target of 256QAM enhancement.
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Figure 1. Effective geometry of scenario 3 sparse with EVM applied 

In this simulation, we’ve defined new MCSs based on 256 QAM. Table 1 gives the details of those new CQIs and corresponding spectral efficiency in the simulation. The uplink transmission of the extended CSIs is assumed error free.

Table 1. CQI Table for 256QAM simulation

	CQI index
	modulation
	code rate x 1024
	efficiency

	Original CQIs

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547

	Newly Defined CQIs

	16
	256QAM
	776
	6.0625

	17
	256QAM
	822
	6.4219

	18
	256QAM
	881
	6.8828

	19
	256QAM
	925
	7.2266

	20
	256QAM
	948
	7.4063


The EVM values can impact the achievable SINR even the UE is in the cell center. It can be considered as an additional noise factor which is dependent with the channel coefficients. In figure 1, we shows the impact of this EVM and it’s observed that the achievable maximum geometry of certain UE is totally determined by this parameter, i.e., EVM 8% leads to maximum 22dB SINR, while EVM 6% equals 24.4dB. Therefore stricter EVM is required so that the newly defined 256QAM based MCSs can be selected. 

In order to verify the impact to the system throughput result, we simulated the system under different EVM values, which is modeled as a additional noise factor whose value is correlated with the magnitude of the received signal on each subcarrier. In the simulation, the FTP model 1 with around 20% RU is assumed, and the CRS interference from the neighboring cells is modeled. It is observed that for EVM 4% assumptions, all the results shows considerable gains over traditional MCS based transmission. Among them the 95% UE shows near 31% gain which is close to the theoretical upper bound. And the other UEs also obviously benefit from the new MCSs because it can use better MCSs when there is no active UE in the interfering cell and the resource utilization is decreased in the interfering cell thanks to the more effective MCS. At the same time, we can observe that when EVM 6% is accepted, gain is obviously reduced since only subset of the defined 256QAM based MCSs can be utilized. Moreover, since the EVM is not considered when UE generate the CQIs which means the CQIs reported may be always higher than the achievable SINR when the interfering cell is not active, the initialization offset of OLLA must be carefully selected because longer response time may fully mitigate the gain brought by more efficient MCSs. After that we can see that the gain is still pretty considerable especially for the cell edge UEs and cell center UEs. The median UE in this case does not show obvious gain may be a result of limited spectral efficiency gain in case of interference-free time and limited decrease of RU. However, as a result, there is still about 6% gain on UE average throughput, which is still strong enough to justify the employment of 256QAM. It should be noted that if EVM requirement is determined to be 6%, the granularity of the selected 256QAM based MCSs can be reduced and may lead to further gain. 
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Figure 2. System level results of scenario 3 sparse based on EVM assumption 4% and 6%
Observation 1: 256QAM can effectively improve the system performance for both EVM 4% and 6% assumption in the indoor sparse scenario with low traffic load. 

Proposal 1: 256QAM should be adopted at least for small cell enhancement indoor sparse scenarios as long as lower than 6% EVM requirement can be satisfied.

Impact analysis of the higher order modulation

If the higher order modulation schemes are accepted in Rel. 12, the impact to the system can be expected as:

1. New CQI, MCS and TBS have to be defined. In Rel. 8, 4 bits CQI table and 5 bits MCS table was defined for the CSI reporting and DL indication, respectively. If new MCSs defined based on 256QAM is employed, the tables have to be extended to support the indication for both uplink and downlink. The candidate solutions can be:

Extend the existing tables by adding 1 bit. One way is that the existing parts of these tables are kept unchanged, and the 256QAM based schemes can be attached to the end of the tables. This method guarantees the performance of Rel. 12 UEs since it can adapt to all the possible channel qualities, i.e., in the low SINR range the performance will not decrease compared with the legacy UE. Another way is re-design the 5bits CQI table and 6 bits MCS table. We may further reduce the granularity of the existing CQIs and MCSs since extra bit space is provided and it’s a waste to use them only for 256QAM based schemes. However, the size of PUCCH format 2 and DCIs carrying MCS indicators are already determined, we may have to re-design the related bit mapping, coding scheme and the whole format to include 1 more bit for CQI and MCS tables. 

Re-design the 4bits CQI table and 5 bits MCS tables to include the new 256QAM based MCSs . In this method, the existing MCSs may not be kept in the table and large amount of work to select the new MCSs is required. Gap between different schemes will increase in this method, and the performance of cell edge UEs may decrease correspondingly. The benefit is that all the PUCCH formats and DCIs designed in Rel. 8 can be fully reused. One method to balance the low SINR region UEs and high SINR region UEs is RRC configurable tables. But the switching criterion and corresponding RRC signaling obviously require further effort.

2. UE complexity will be increased. Because the new modulation scheme is introduced, the signal processing modules of UEs have to be enhanced, including the ADC, PA, etc. And since the higher order modulation can increase the transmitted data by 33% at most, it can be a big challenge to the data processing ability of UEs. Therefore the HARQ reporting interval for FDD may have to be revisited, respectively. 

Proposal 2: Appropriate method to support the new 256QAM based MCSs should be adopted. The tradeoff between performance gain and realization complexity should be considered.

Conclusion
In this contribution, we’ve provided our initial simulation results of 256QAM utlized in small cell enhancement scneario 3 sparse. The results shows that considerable gains can be achieved in this indoor sparse scenario. We also listed many challenges brought by the higher order modulation schemes. Based on the results and analysis, in this paper we have the following observations

Observation 1: 256QAM can effectively improve the system performance for both EVM 4% and 6% assumption in the indoor sparse scenario with low traffic load. 

And we propose:
Proposal 1: 256QAM should be adopted at least for small cell enhancement indoor sparse scenarios as long as lower than 6% EVM requirement can be satisfied.

Proposal 2: Appropriate method to support the new 256QAM based MCSs should be adopted. The tradeoff between performance gain and realization complexity should be considered. 
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Appendix

Table 3. System level simulation assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Small Cell Enhancement 3 sparse

	Simulation case
	ITU InH between small cell and UE
UE speed : 3km/h

Carrier Frequency : 2GHz for macro layer (if exists), 3.5GHz for small cell layer
UE noise figure: 9dB

	Small cell TX power (Ptotal)
	24dBm

	UE distribution
	For scenario 3, randomly and uniformly distributed over area;

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-MIMO without CoMP

	Antenna configuration
	2 x 2, cross polarized

	Antenna gain + connector loss
	For small BS: 5 dBi

	Feedback scheme 
	PUSCH mode 3-1, 5 ms period. New CQIs introduced to support 256QAM. See details in table 1.

	Channel estimation
	Non-ideal

	UE receiver
	MMSE IRC

	Traffic model
	FTP model 1

	Link adaptation
	New MCSs for DL scheduling are defined, using the exact same coding rate with the 256QAM CQIs. OLLA applied.




