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1. Introduction

Higher order modulation is expected to be a potential solution to explore the channel capacity for small cell enhancement. The previous discussion focus on the impact of EVM since it limits the achievable SINR even in small cell scenario. In RAN1#74bis meeting, simulation results based on RAN4 proposed achievable Tx EVM and Rx EVM value [1] have been presented, and the following observation and conclusions is accepted: 
· 256QAM provides gain for indoor sparse scenario (SCE scenario 3), 2 and 4-Rx antennas (Note that 4-Rx cases is only from link-level evaluation in rank1 and 2) and 4%/2% of Tx/Rx EVM are assumed. The gain decreases when 4%/4% of Tx/Rx EVM are assumed

· 256QAM provides small gain for outdoor scenario (SCE scenario 2a) when 4%/4% of Tx/Rx EVM are assumed

· 256QAM provides small gain for outdoor scenario (SCE scenario 2a) when CRS interference is modeled

· eNB power back off can be considered in the evaluations, and additional evaluations can be submitted in RAN1 #75 meeting
· Companies are recommended to investigate specification impact until RAN1 #75 meeting

In this contribution, simulation results based on power back off assumptions are provided and analyzed. And the standardization impact analysis of higher order modulation is provided accordingly.
2. Evaluation considering power back-off
In [2] it is elaborated that Tx EVM 3%~4% is achieved only when PA power back-off is applied. It is true that in most cases this will lead to the degradation of coverage. For example, in scenario 2a, the reduced transmission power of small cell may lead to higher attach ratio on macro cell, since some UEs a little far from cluster may find the small cell layer signal is not detectable any more. However, for scenario 3 in which 256QAM was found most effective according to the observation, this reduced transmission power shall not cause obvious difference. Scenario 3 is interference limited and if power back-off is applied to all the cells in the same hall, the interference level keeps the same compared with the no-back-off case. Noise can be relatively stronger, but since the pathloss in ITU InH model is not severe, the increased noise level can still have marginal impact on the achieved SINR.
Fig. 1 shows the geometry comparison between with and without back-off cases in scenario 3 sparse. Here we assumed 2dB power back-off is applied according to [3], and in order to show the difference caused by relatively stronger noise, the EVM is not considered in the geometry calculation. Just as expected, there is actually no difference in the low geometry area since the noise can be ignored compared to the strong interference. And the difference in higher SINR region is also marginal, i.e. at most 0.5dB. This similar geometry shall not lead to obvious throughput difference especially when low traffic load is assumed. 
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Fig. 1 Geometry of scenario 3 sparse with and without power back-off
Table 1 summarizes the impact on UPT when power back-off is applied in scenario 3 sparse. It is observed that the difference between baseline (no power back-off) and practical scheme (with 2dB power back-off) is limited within 2%. Moreover, the average UPT of the practical scheme is even slightly higher than that of baseline. This actually validates our prediction that power back-off has no or very limited impact on the performance in this specific scenario with low traffic load.

Table 1. UPT gains of schemes w/ power back-off over w/o power back-off

	EVM
	5% UPT
	50% UPT
	95% UPT
	Average UPT
	RU

	4% TX, 4% RX 
	-0.5%.
	-1.1%
	0%
	0.2%
	21.5% -> 21.6%

	3% TX, 1.5% RX
	-1.6%
	-2.1%
	0%
	-0.3%
	18.4% -> 18.4%


Observation: Power back-off has marginal impact in scenario3 sparse.
Since the performance gain of 256QAM in scenario 3 is verified among 15% ~ 30% [4], and the impact brought by additional power back-off is almost ignorable, we propose:

Proposal 1: 256QAM should be supported at least for small cell indoor sparse scenario.

3. Standardization 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 classified as 2 aspects.
3.1. CQI table
Current 4-bit CQI table defines 15 CQIs, the end of which is based on 64QAM and coding rate 0.926. Generally when the channel condition is good enough, for example, the SINR is larger than 20dB, it reports CQI 15 to the eNodeB and eNodeB can select proper MCS for the following DL transmission. However, even if the actual SINR of the channel is much higher than the mapping threshold, UE can still report only CQI 15 to eNodeB. eNodeB cannot have any prior information whether the channel condition is good enough to support 256QAM from this report. Although OLLA can be employed to track the channel condition despite of CQI support, the mechanism is not specified and the convergence takes time which leads to performance loss. It is therefore necessary to expand the mapping range of the CQI table so that eNodeB can obtain accurate channel capacity information. There are two methods to extend the mapping range of the CQI table.

1. Extend the CQI table size by adding 1 bit. There can be up to 31 CQIs supported if 5 bits are dedicated for CQI feedback. These are two possible sub-schemes:

1a) The existing part of the table is kept unchanged, and 256QAM based CQIs are attached to the end of the table.

1b) Redesign the whole CQI table to fully exploit the 32 code points, and the quantization accuracy can be improved which may further improve the system performance.
The problem of this method is that the capacity of PUCCH format 2, which carrying the CSI reports, is limited. According to [6], the total number of bits for CSI reporting shall be limited within 11 bits. Some of the existing CSI reports, e.g., a type 2 report corresponding to 4 antenna ports and rank > 1, can already occupies all the payload bits of PUCCH format 2. At least for those reporting types, reusing existing mechanism to report CSI seems impossible. Specification impact is quite obvious to define new reporting mechanisms, such as new reporting types, reused PUCCH format 3 or new PUCCH format to support larger payload size.
2. Define New 4-bit CQI table. Some of the CQI code points are linked to new combination of modulation and coding rate, i.e., SINR mapping threshold. In this case, a new mechanism to let both eNodeB and UE know which CQI table is utilized for one specific CSI report has to be defined. Since the time variation of channels for the enhancement target UEs shall not be severe, the semi-static configured CQI tables seem reasonable. Since the CQI generated based on new CQI table has exact same size with existing ones, there are no impact to any CSI feedback modes and reporting types defined in current specification. The disadvantage of this method is that the quantization granularity is increased since the covered SINR range is extended but CQI code points remain the same. This leads to performance loss especially when a sudden drop in SINR is met, for example, when a new UE is activated in the main interfering cell. However, according to proper eNodeB implementation method, it is possible to minimize the performance loss through adaptive CQI table switching in RRC layer.

Moreover, regarding how to configure the CQI table in RRC layer, we think it is beneficial to let previously defined interference cancellation technology benefit from new modulation scheme. For example, CoMP DPB or JT schemes have potential be benefit from 256QAM based MCS. Therefore it is necessary to provide sufficient CSI support on CSI process level since different CSI process can reflect different signal and interference situation. Therefore the CQI table shall be configured per CSI-process.

Proposal 2: New 4-bit CQI table shall be defined to support 256QAM based transmission considering minimum standardization impact. RRC configured CQI table switching should be supported.
Proposal 3: The CQI table used for CQI generation shall be per CSI-process configured.
3.2 MCS Table
The existing 5-bit MCS table is defined since Rel. 8 and covers 32 different MCSs (actually 29 since 29-31 is reserved). The MCS index of the scheduled DL TB is carried by DCI, and shall be decoded before PDSCH receiving procedure by UE. If new 256QAM based MCS is employed, obviously new indication method is required. Similar with previous feedback related issue, there are two possible solutions to deal with the problem.

1. Extend the MCS table size by adding 1 bit. At most 64 MCSs can be indicated in DCI with the additional 1 bit. The new table not only incorporates the 256QAM based MCS but also keeps space for further extension. For each DCI format, the DCI bit size can be variable depending on whether higher order modulation based transmission is enabled. This can be configured through RRC layer signaling and the bit length of the corresponding DCI will be indicated to UE before blind detection.

2. Define New 5-bit MCS table. The new table can be designed by linking each existing MCS code point to a new combination of modulation and coding scheme. How to interpret the received MCS index in DCI can be configured by RRC layer. However, similar with re-designed CQI table, problem exists that the gap between neighboring MCS increases so that performance loss is expected if actual DL SINR is not good enough for 256QAM based MCS. Therefore semi-static configuration of a ‘MCS table’ is not suggested especially when the SINR among different subframes varies frequently, for example, CoMP DPB subframes and fall-back subframes. 

Proposal 4: Extending the MCS table size by adding 1 bit shall be supported by configuring variable length DCI. The bit length of DCI shall be indicated to UE by RRC signaling.
4. Conclusion
In this contribution, simulation results based on power back off assumptions are provided and analyzed. And the standardization impact analysis of higher order modulation is provided accordingly.

We have the following observation and proposals:

Observation: Power backoff has marginal impact in scenario3 sparse.
Proposal 1: 256QAM should be supported at least for small cell indoor sparse scenario.

Proposal 2: New 4-bit CQI table shall be defined to support 256QAM based transmission considering minimum standardization impact. RRC configured CQI table switching should be supported.

Proposal 3: The CQI table used for CQI generation shall be per CSI-process configured.
Proposal 4: Extending the MCS table size by adding 1 bit shall be supported by configuring variable length DCI. The bit length of DCI shall be indicated to UE by RRC signaling.
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Appendix

Table 2. 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 or 22dBm (2dB power back-off applied)

	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.




