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1 Introduction

The Small Cell Enhancements WI includes the specification of further higher order modulation (i.e. 256-QAM) for the downlink while keeping existing size of CQI feedback field and MCS indication [1].  In this document, we discuss some principles for designing the TBS/MCS indication in support of 256-QAM on the DL.

2 Discussion

The MCS/TBS field in the DL DCI formats is five bits, and all the 32 code points are utilized to support nominal spectral efficiencies roughly between 0.15 and 5.56 bps/Hz, and three modulation orders (QPSK, 16-QAM and 64-QAM) [2]. 

The support of 256-QAM requires a new MCS/TBS table (or equivalently to have a new mapping from existing MCS field to a TBS and Modulation Order). The new MCS/TBS lookup (i.e. supporting 256-QAM) can be configured via higher layer signalling. 
While designing the new MCS/TBS lookup, at least the following aspects should be considered.

1. Support spectral efficiencies of up to ~ 7.44 bps/Hz (0.93 x 8 = 7.44 bps/Hz, 0.93 is the skip decoding threshold) 

2. Support spectral efficiencies in the entire range from 0.15 bps/Hz (corresponding to QPSK, I_TBS=0) to 7.44 bps/Hz to avoid having to perform frequent (re)configuration between the new and legacy MCS/TBS lookup.

3. Provide a reliable fallback operation during reconfiguration 

4. Defining the TBS values for a given MCS level considering targeted peak data rate.

The last three aspects are discussed further now. 

When the eNB configures a UE to start using the new MCS/TBS table with 256QAM support, it is desirable to cover the entire range of spectral efficiencies i.e. from the lowest supported spectral efficiency (i.e. 0.1523 bps/Hz) QPSK to the highest spectral efficiency defined for 256-QAM (~7.44 bps/Hz). This enables the eNB to schedule PDSCH for the UE with lower MCS without having to reconfigure the MCS/TBS lookup. 

To ensure reliable operation during reconfiguration, multiple options are available. 

· Support 256-QAM MCS only on DCI in the UESS: The new MCS/TBS lookup is only applied to DCI received in UE-specific search space. The UE uses legacy MCS/TBS lookup for DCI received in the common-search space (CSS). Thus, the CSS is used to ensure reliable operation during reconfiguration. This means that PDSCH using 256-QAM can be assigned only in the UE-specific search space. 

· Support at least some of the legacy MCS/TBS code points in the new MCS/TBS lookup: If the new and legacy MCS/TBS lookup utilize the same code point, then that code point can be used reliably to schedule PDSCH for the UE even during reconfiguration. An example of this option is shown in Annex, where 24 of the 32 legacy code points are preserved and only eight code points are modified to support 256-QAM operation. 

Of the two options, the latter is preferable as it provides more robustness as well as scheduling flexibility. The same principle of preserving code points from legacy can also be applied to the new CQI table that supports 256-QAM. 

Proposal 1: In the new MCS/TBS lookup supporting 256-QAM, at least some of the legacy MCS/TBS lookup code points (I_MCS to Modulation Order and TBS Index mapping) are preserved. 

For a given nominal spectral efficiency (
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e.g. between 1-110 RBs) and assuming a reference number of resource elements per resource block pair (
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), the corresponding TBS is determined such that it closely matches the nominal spectral efficiency. 
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For Rel-8 TBS design, the reference number of REs per resource block pair was chosen to be 120, based on a reference configuration of CFI = 3, 4-CRS ports, normal subframe. While the same assumption can be used to select TBS for the MCS supporting 256-QAM, it will likely reduce the resulting peak rate supported with 256-QAM.

The control channel assumption (of CFI=3) is likely to be pessimistic especially given that the control overhead is expected to be lower for small cells (e.g. CFI = 1, lower number of scheduled users and/or use of EPDCCH, cross-carrier scheduling, MBSFN subframes, etc). 

Therefore, it is proposed that the reference assumption for designing 256-QAM based MCS/TBS can be slightly higher such as 132 REs per PRB pair (CFI=1, 2 CRS ports, MBSFN subframe, 24 DMRS REs, etc), leading to an increased peak data rate of approximately 10% ~ (132-120)/120). Therefore, we propose the following 

Proposal 2: The selection of TBS corresponding to 256-QAM should assume that the number of REs per PRB pair available for PDSCH is larger than 120 (e.g. 132 , 144, etc) to ensure larger peak rate support with 256-QAM.

Finally, any new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment (one code block segment for a TB) leading to the following proposal.
Proposal 3: Any new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment (one code block segment size for a TB).
3 Conclusions

We propose the following for the design of MCS/TBS lookup for 256-QAM:

For efficient fallback operation, in the new MCS/TBS lookup supporting 256-QAM, at least some of the legacy MCS/TBS lookup code points (I_MCS to Modulation Order and TBS Index mapping) are preserved. 

The selection of TBS corresponding to 256-QAM should assume that the number of REs per PRB pair available for PDSCH is larger than 120 (e.g. 132 , 144, etc) to ensure larger peak rate support with 256-QAM.

Any new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment (one code block segment size for a TB).
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Annex 
An example of a new MCS/TBS lookup that enables efficient fallback by reusing the same codepoints as the legacy MCS/TBS lookup.  Yellow highlighted indicates new entries supporting 256-QAM. 

	 
	Legacy MCS/TBS
 
	New MCS/TBS supporting 256-QAM
 

	MCS Index
	Modulation Order
	I_TBS
	Modulation Order
	I_TBS

	0
	2
	0
	2
	0

	1
	2
	1
	8
	27

	2
	2
	2
	2
	2

	3
	2
	3
	8
	28

	4
	2
	4
	2
	4

	5
	2
	5
	8
	29

	6
	2
	6
	2
	6

	7
	2
	7
	8
	30

	8
	2
	8
	2
	8

	9
	2
	9
	8
	31

	10
	4
	9
	4
	9

	11
	4
	10
	8
	32

	12
	4
	11
	4
	11

	13
	4
	12
	8
	33

	14
	4
	13
	4
	13

	15
	4
	14
	4
	14

	16
	4
	15
	4
	15

	17
	6
	15
	6
	15

	18
	6
	16
	6
	16

	19
	6
	17
	6
	17

	20
	6
	18
	6
	18

	21
	6
	19
	6
	19

	22
	6
	20
	6
	20

	23
	6
	21
	6
	21

	24
	6
	22
	6
	22

	25
	6
	23
	6
	23

	26
	6
	24
	6
	24

	27
	6
	25
	6
	25

	28
	6
	26
	6
	26

	29
	2
	reserved
	8
	reserved

	30
	4
	reserved
	4
	reserved

	31
	6
	reserved
	6
	reserved
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