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1. Introduction

In RAN #62, the work item of small cell enhancement – physical layer aspect [1] is approved. It specifies that 

· Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
In this contribution, we provide our views on the MCS table design for small cell enhancement, especially on how to keep existing size of MCS indication.
2. Discussion
The most intuitive way to improve the spectrum efficiency for small cells is to fully utilize high SNR of wireless channel by introducing 256 QAM. In [2], it is shown by simulations that 256QAM is beneficial in evaluated indoor sparse small cell scenarios with low mobility and it is recommended to support 256QAM. However, once 256QAM is introduced, spec changes on CQI/MCS/TBS tables are required. Also, if the existing size of CQI feedback field and MCS indication can be kept, the corresponding spec impact can be minimized. In this contribution, we review the background of CQI/MCS/TBS tables first and then focus on the MCS table design while 256QAM is introduced.
2.1  Background of CQI/MCS/TBS tables
The modulation and TBS index table for PDSCH and the TBS tables of one-layer and two-layer transmission are determined in rel-8 and the design principles are described in [3]. The largest TBSs were adjusted to achieve peak rate scaling for different bandwidth [4]. In rel-10, the extended TBS translation tables of three-layer and four-layer transmission are further designed [5]. The key features of legacy CQI/MCS/TBS table design are as follows.
· 3 reserved entries for supporting adaptive retransmission

· Highest code rate is around 0.93

· Modulation order switching point is around code rate 0.65

· Overlapping TBS indices at modulation order switching point (QPSK->16QAM and 16QAM->64QAM) to support different wireless channel characteristics
· The TBS sizes are chosen to be aligned with QPP sizes (no filler bits padding) and have low MAC padding (<3%)

· The TBS entries are chosen as equally spaced between adjacent resource efficiencies 
· The legacy TBS are reused as much as possible while extension of TBS table is necessary
The legacy modulation and TBS index table is as table 1. MCS index 29, 30 and 31 are used for QPSK, 16QAM and 64QAM retransmission. Overlapping TBS indices happens between MCS index 9 and 10 and MCS index 16 and 17.
Observation: The key features of legacy CQI/MCS/TBS table design are: 3 reserved entries for retransmission, highest code rate is around 0.93, modulation order switching point is around code rate 0.65, overlapping TBS indices at modulation order switching point, low padding overhead and equally spacing for resource efficiency. 
Table 1: Legacy modulation and TBS index table for PDSCH [6]
	MCS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26

	29
	2
	reserved

	30
	4
	

	31
	6
	


2.2  MCS tables for Small Cell Enhancement
While 256QAM is introduced, since there is one more supported modulation order, total 4 MCS indices should be reserved for the retransmission to support adaptive retransmission. While the 5-bit MCS index size is kept, the number of remaining MCS entries is reduced by one. On the other hand, with 256QAM, if overlapping TBS indices exist at modulation order switch points, one more overlapping MCS index is required. The number of remaining MCS entries is further reduced by one. It implies that some TBS indices may be left unused. Yet, as mentioned above, the legacy TBS table is properly designed to have an equal separation in resource efficiency. Having some TBS indices left unused may not be an adequate solution.
It is noted that overlapping TBS indices in legacy modulation and TBS index table aims for supporting both frequency-flat and frequency-selective channel. Nevertheless, wireless channel under small cell deployment is expected to be frequency-flat rather than frequency-selective. As a result, flexibility of supporting different wireless channels is not required for small cells and overlapping TBS indices with different modulation orders at each modulation order switching point is not necessary. Only TBS index with lower modulation order from the two overlapping TBS indices is required. Therefore, some free MCS indices are released for TBS index mapping. 
Considering modulation order switching point, legacy switching point is around code rate 0.65 to avoid high code rate usage. This principle can be reused for switching point from 64QAM to 256QAM. As a result, a proper switching point of 64QAM and 256QAM is between TBS index 20 and 21. An example of modulation and TBS index table with 256QAM based on the abovementioned principle is in table 2. The existing 5-bit MCS index size is kept. It is noted that the maximum TBS index is 27 which is larger than legacy maximum TBS index which is 26. One more row in TBS table needs to be defined in this case. It is reasonable to have more TBS indices due to utilization of higher SINR experienced by UEs in small cells.
Proposal 1: Overlapping TBS indices in modulation and TBS index table is not required for small cells.
Proposal 2: Switching point from 64QAM to 256QAM should be around code rate 0.65 as legacy switching point.
Table 2: An example of modulation and TBS index table for PDSCH with 256QAM

	MCS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	10

	11
	4
	11

	12
	4
	12

	13
	4
	13

	14
	4
	14

	15
	4
	15

	16
	6
	16

	17
	6
	17

	18
	6
	18

	19
	6
	19

	20
	6
	20

	21
	8
	21

	22
	8
	22

	23
	8
	23

	24
	8
	24

	25
	8
	25

	26
	8
	26

	27
	8
	27

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	


3. Conclusion

In this contribution, we review the background of CQI/MCS/TBS tables and have the following observations:
Observation: The key features of legacy CQI/MCS/TBS table design are: 3 reserved entries for retransmission, highest code rate is below 0.93, modulation order switching point is around code rate 0.65, overlapping TBS indices at modulation order switching point, low padding overhead and equally spacing for resource efficiency.

We then focus on the MCS table design while 256QAM is introduced and have the following proposals:
Proposal 1: Overlapping TBS indices in modulation and TBS index table is not required for small cells.
Proposal 2: Switching point from 64QAM to 256QAM should be around code rate 0.65 as legacy switching point.
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