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1. Introduction
In the conclusion of small cell enhancements study, it was stated by RAN1 that higher order modulation, i.e. 256QAM, is found beneficial in evaluated indoor sparse small cell scenarios with low mobility [1]. In the work item phase of small cell enhancements, one of the objectives is to introduce 256QAM, while preserving the existing sizes of CQI feedback and MCS indication fields in control signaling [2]. In this contribution, MCS and TBS table design is discussed.
2. MCS index mapping 
In the current specification, 3GPP TS 36.213 defines a mapping table from MCS-indexes to modulation schemes and transport block sizes. As it has been agreed that MCS indication field size in the DCI contents will not be increased, the MCS mapping table cannot be simply extended with new 256QAM-specific entries. The new MCS mapping table needs to be designed by replacing old rows with new entries.
In the earlier meetings, different approaches for making room for new 256QAM-entries have been discussed, e.g. in [3],[4]:

· Uniform removal of old entries, thus reducing granularity of MCS mapping.
· Removal of low SINR –targeted entries, thus shifting the mapping towards higher modulations and coding schemes. Some low-SINR entries could be maintained for fallback purposes.
With uniform removal of old entries, the new table can address both low-SINR and high-SNR UEs with equal accuracy, although with reduced granularity. The shifting approach generally maintains the granularity of the entries but lacks accuracy at low SINR.
In order to examine the current MCS mapping granularity, a link-level evaluation with fixed MCS classes was conducted. PDSCH is allocated with 50 PRB pairs and transmission mode 1 is used.  The channel is 1x2 AWGN, and UE has realistic CRS-based channel estimation. EVM is 0%. Control channel allocation is 2 OFDM symbols and PDSCH scheduling is skipped in subframes #0 and #5, in order to have a constant number of physical bits in every scheduled subframe. The throughput for each Rel-8 MCS is shown in Figure 1. QPSK modulation is indicated with blue color, 16QAM with green and 64QAM with red. More detailed simulation assumptions are listed in Annex A.
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Figure 1: PDSCH throughput for all Rel-8 MCS classes
From Figure 1, it is observed, how the overall throughput envelope increases steadily over the SNR axis, except for the largest MCS index 28, which causes a visible notch in the envelope. MCS 28 introduces a considerable increase in the coding rate when compared to MCS 27: the coding rate increases from 0.77 to 0.89, calculated with the reference signal and control overhead used in the simulation. The coding rate difference of 0.12 is roughly double, compared to differences between lower MCS classes. 
In fact, with MCS 28, the coding rate starts to be close to the limit of 0.930, after which the UE may skip decoding of the transport block. In the simulation, only 1 CRS port and 2 control symbols were allocated. If 3 control symbols had been allocated, MCS 28 would have given coding rate 0.97.

In many occasions, the RS/control overhead prevents the use of MCS 28. Therefore, removing Rel-8 MCS 28 could be considered, when designing the new 256QAM MCS mapping. In order to compare the 64QAM and 256QAM options, throughput curves with 256QAM fixed coding rate were simulated. In Figure 2, the highest three Release-8 MCS classes are compared to 256QAM with coding rates 0.60, 0.65 and 0.70. For reference, the 256QAM payloads, as used in the simulation, are listed in Table 1.

Table 1: 256QAM transport block sizes used in the simulation

	Modulation and coding rate
	Transport block size

	256QAM 0.60
	33120

	256QAM 0.65
	35880

	256QAM 0.70
	38640
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Figure 2: PDSCH throughput for Rel-8 MCS {26, 27 and 28} and 256QAM {0.60, 0.65, 0.70}
From Figure 2, it is observed that 256QAM with coding rate 0.65 has similar throughput performance with Release-8 MCS 28. Due to the selected 256QAM payloads, as given in Table 1, the saturation levels are not identical. As the performances are similar, the highest 64QAM entry in the current MCS mapping could be replaced with a 256QAM entry. More importantly, by using 256QAM modulation instead of 64QAM, an increase in RS/control overhead will not render the MCS class unusable, as the resulting coding rate will still be far from the limit of 0.930.
Observations:

· The current MCS index 28, with 64QAM and very high coding rate, is sensitive to reference signal and control area overhead. Coding rate limit of 0.930 is often exceeded.
· MCS index 28 from the current MCS mapping does not need to be included in the new 256QAM-enabled MCS mapping, to avoid hitting the coding rate restriction.
To see the low-SNR region of Figure 1 more clearly, a zoom-in view of QPSK MCS classes is presented in Figure 3.
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Figure 3: PDSCH throughput for Rel-8 QPSK MCS classes
It is observed that within the 9 dB SNR range, there are currently 10 QPSK MCS classes. As such, the MCS density of the low-SINR region is high in the current MCS mapping. Considering that RAN1 has found 256QAM beneficial in indoor small cell scenarios where SINR is expected to be higher, the new MCS mapping could have significantly less QPSK entries.

Looking at the current density of QPSK classes, the low-SINR operation should not suffer too much, even if 3 or 4 QPSK entries were uniformly removed. Removing the MCS entries uniformly, but only within the low-SINR region can be seen as a combination of uniform removal and shifting approaches that were described in the beginning of Section 2.

Observations:

· In low-SINR region, MCS density is high in the current mapping.

· The MCS density of low-SINR region can be decreased in the new 256QAM-enabled MCS mapping.
3. Transport block sizes
Transport block sizes are given in 3GPP TS 36.213 in a 27x110-sized table. Currently there are 27 transport block sizes defined for PRB allocations from 1 to 110 PRBs. For regular PDSCH data, TBS indexes are not directly pointed through a DCI field, as the TBS indexes are resolved through the MCS mapping table. As there is no dependency between the TBS table size and the DCI field size, TBS table can be easily extended.
For example, if 4 new TBS indexes are introduced with 256QAM modulation and lower modulation orders use the legacy TB sizes, the new indexes can be appended to the current TBS table, making it of size 31x110. Between legacy and 256QAM operation, the element that changes is the MCS mapping table. Both MCS mapping tables can share the same (extended) TBS table.
As for spatial multiplexing, where transport blocks are mapped to multiple layers, the TBS translation tables can be similarly extended. The legacy values should be preserved, and new translation entries added, based on which new transport block sizes are introduced by 256QAM feature.
Observation:

· Transport block size table and the translation tables can be extended. There is no need to create separate TBS tables for legacy and 256QAM-enabled operation modes. 
4. Conclusion 
In this contribution, the design of MCS and TBS tables for 256QAM support are discussed. With the help of link-level simulations, it has been identified that certain legacy MCS entries could make room for new 256QAM entries. Our observations on MCS mapping are:
Observation 1: The current MCS index 28, with 64QAM and very high coding rate, is sensitive to reference signal and control area overhead. Coding rate limit of 0.930 is often exceeded.
Observation 2: MCS index 28 from the current MCS mapping does not need to be included in the new 256QAM-enabled MCS mapping, to avoid hitting the coding rate restriction.

Observation 3: In low-SINR region, MCS density is high in the current mapping.

Observation 4: The MCS density of low-SINR region can be decreased in the new 256QAM-enabled MCS mapping.

Regarding TBS tables of 36.213, we have the following observation:
Observation 5: Transport block size table and the translation tables can be extended. There is no need to create separate TBS tables for legacy and 256QAM-enabled operation modes.
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Annex A: Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Antenna configuration
	1x2

	Channel model 
	AWGN

	EVM
	0 %

	PDSCH resource allocation
	50 PRB pairs

	PDSCH scheduling
	Skip subframes #0 and #5

	Transmission scheme
	TM 1

	HARQ
	Enabled, up to 4 transmissions

	Modulation and coding
	Fixed modulation and coding rate:
· Rel-8 MCS/TBS for 50 PRB allocation 

· 256QAM with coding rate {0.60, 0.65, 0.70}

	CRS configuration
	1 CRS port

	Control channel area
	2 OFDM symbols

	Channel estimation for demodulation
	Realistic channel estimation from CRS

	Simulation length
	30000 subframes



