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1. 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. 

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. At the same time, the impact of 256QAM to the system and specification is analyzed.

2. Benefit and challenge of 256QAM for LTE-A
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 geometry of UEs can be obviously improved. For example, according to [1], the ITU InH scenario, which is similar with the SCE scenario 3 sparse defined in [2], more than 40% UEs’ wideband SINR are above 20dB. At least for those UEs, 256QAM can be employed through which 8 coded bits can be carried in each RE, and at most 33% throughput gain is expected.  

Observation 1: 256QAM can improve the spectral efficiency at least in the small cell enhancement indoor sparse scenario.
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Figure 1. Example of CoMP and corresponding SINR increase

Many schemes have been studied in Rel. 10 and Rel. 11 to compete with the co-channel interference. Figure 1 shows the typical CoMP example. UE1 is considered as a cell edge UE since signals from eNodeB 1 and eNodeB 2 are comparable. If one of these 2 eNodeBs is muted during the data transmission to UE1, i.e., DPB scheme is employed,  UE 1 can have high SINR values which may be even better than the cell-center UEs. Previously in this case the throughput of UE 1 is still constrained by the 64QAM based MCSs. And when 256QAM is available, the higher throughput gain can be expected for these CoMP schemes. Similarly, UE 2 can also benefit from 256QAM in case the intra-site JT is employed.
The relay node specified in Rel. 10 is considered as an important solution for easy network extension. The network capacity gain brought by relay node is constrained by not only the relay-UE link quality, but also the wireless backhaul link quality. Since the relay node usually has better channel quality, we can expect higher backhaul capacity if 256QAM is employed.

Observation 2: Many existing schemes in previous releases can benefit from higher order modulation. 

If the higher order modulation schemes are accepted in Rel. 12, there would be several challenges expected as:

1. More stringent EVM requirements. As analyzed in [3], 256QAM are quite sensitive to the EVM values. Current 8% EVM for 64QAM leads to maximum 22dB SINR value, which can not support high coding rate based on 256QAM. More stringent EVM requirements can fully exploit the potential of 256QAM based MCSs, but also improves the complexity and cost of the modem. The tradeoff should be achieved between the performance and cost here.

2. 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 1 bit. The existing part of these tables is 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. 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 existing CQI and 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.

3. Increased UE complexity. 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 signal processing capability of UEs. Therefore the HARQ reporting interval for FDD may have to be revisited, respectively. 

Observation 3: Challenges towards specification and system is expected if higher order modulation is accepted in Rel. 12.
3. Conclusion
In this contribution, we analyzed network capacity and system gain achievable by 256QAM based on the existing scenario and system. After that, the impact of higher order modulation enhancement is analyzed with possible future work directions listed.

Observation 1: 256QAM can improve the spectral efficiency at least in the small cell enhancement indoor sparse scenario.

Observation 2: Many existing schemes in previous releases can benefit from higher order modulation.

Observation 3: Challenges towards specification and system is expected if higher order modulation is accepted in Rel. 12.
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