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1   Introduction
In RAN1#76, some design principles for CSI and TBS/MCS signalling with 256-QAM support were agreed. In this document, we discuss the following aspects related to new TBS/MCS signalling for 256-QAM.

· Reuse of code points from legacy MCS/TBS table
· Adaptive retransmission levels (N=3 or 4) and overlapped MCSs
· 256-QAM support in CoMP
· TBS/MCS tables supporting 256-QAM
2   Discussion

2.1     Reuse of code points from legacy MCS/TBS table
In a previous contribution [1] multiple fallback options were discussed including a) support of 256-QAM only on DCI in UESS, and b) support at least some of the legacy MCS/TBS code points in the new MCS/TBS lookup. In [2][3], it was proposed to support only legacy MCS/TBS lookup with DCI 1A for fallback. We note that the reuse of legacy MCS/TBS code points in the new table can provide benefits irrespective of whether 256-QAM is supported with DCI 1A or not.

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 A, where 24 of the 32 legacy code points are preserved and only eight code points are modified to support 256-QAM operation. This principle provides sufficient robustness, scheduling flexibility, and provides ample flexibility to incorporate 256QAM-based TBS/MCS.  

Proposal 1a: X1 code points (I_MCS->I_TBS,MS) are defined for 256-QAM in the new MCS/TBS lookup.

Proposal 1b: 32-X1 code points (I_MCS->I_TBS,MS) from legacy MCS/TBS lookup are reused in the new MCS/TBS lookup. 
2.2 Adaptive retransmission levels and overlapped MCSs
In Rel-8, three MCS indices were reserved to signal modulation order for retransmission of a transport block. One motivation was to provide full adaptability in scheduling retransmissions via any number of resource blocks and any modulation order for any Transport block size. Another important reason was that 29 MCS levels (MCS0-MCS28) were sufficient to cover the range of spectral efficiency supported in Rel-8.

The main motivation of introducing 256-QAM is to support increased peak data rate and/or increased spectral efficiency for a UE that is in very good SNR condition. In such a situation, the use of any lower MCS would mostly be for providing fallback. It is rather unlikely that QPSK-based retransmissions (using MCS29) would be used for a UE in very good SNR condition. Instead an MCS level supporting 256-QAM based retransmission can be supported.  It is wasteful to have a fourth MCS index for QPSK-based retransmission in the new MCS/TBS lookup. The same argument can apply to the overlapped MCSs between adjacent modulation levels.

If additional MCS indices are available, they should be used to further enhance peak data rate for low-overhead scenarios, e.g. by using 144 REs/PRB as a reference for generating TBS. 144 REs corresponds to (PCFICH = 1 and 2 CRS ports, or PCFICH = 1 and MBSFN with 12 DMRS REs) as shown in Section 2.4.
Proposal 2: Three reserved entries (MCS29/30/31) in the 256-QAM TBS/MCS table are used to indicate 16QAM, 64QAM and 256-QAM for retransmission.

2.3 256-QAM support in CoMP
For CoMP, up to four parameter sets of PDSCH RE mapping and Quasi Collocation Indicator via higher layer signalling for a UE, where each parameter set can correspond to an individual TP participating in the CoMP transmission to the UE. In that case, it is desirable to enable/disable use of 256-QAM for each TP individually [3]. 

Proposal 3: 256-QAM based MCS/TBS lookup is configured individually for each of the four parameter sets linked to PQI field in the DCI 2D. 

Proposal 4: CSI reporting based on 256-QAM CQI table is configured individually for each CSI process. 

2.4 MCS/TBS lookup with 256-QAM
While designing the new MCS/TBS lookup, at least the following aspects should be considered.

· 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) 

· 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.

· Considering targeted peak data rate and low-overhead scenarios.

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 to follow Rel-8 approach for all spectral efficiencies except the highest one. 
Proposal 5: The selection of TBS corresponding to 256-QAM should assume that 120 REs/PRB for all spectral efficiencies except the highest spectral efficiency.
For the highest spectral efficiency, to enable further increased peak rate it is proposed to support two reference REs/PRB – one with 136 REs/RB ( PCFICH = 1, 4-CRS ports)  and  one corresponding to a further lower overhead assumption such as 144 REs/PRB. (PCFICH = 1 and 2 CRS ports, or PCFICH = 1 and MBSFN with 12 DMRS REs). Annex B shows two ITBS (=32 and 33) to TBS lookup for 136 REs/PRB and 144 REs/PRB. Table 1 shows the peak data rate corresponding 1-layer TBS peak rates for the two overhead assumptions. The corresponding code rate values are also shown in Figure 1, indicating the values are well below the threshold of 0.93 for both 136 REs/PRB and 144 REs/PRB. 
Proposal 6: For the highest spectral efficiency, two MCS/TBS levels are defined corresponding to two overhead assumptions (136 REs/PRB and 144 REs/PRB). 

Table 1. Peak rate comparison for highest spectral efficiency with 256-QAM for two different overhead assumptions.

	Bandwidth 

in MHz
	Peak rate (in Mbps)

136 REs/PRB (ITBS= 32) 
	Peak rate (in Mbps)

144 REs/PRB(ITBS= 33)
	Data rate Increase

	1.25
	5.992
	6.200
	3.5%

	3
	14.688
	15.840
	7.8%

	5
	24.496
	26.416
	7.8%

	10
	48.936
	52.752
	7.8%

	15
	75.376
	78.704
	4.4%

	20
	97.896
	105.528
	7.8%
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Figure 1. Code Rate corresponding to the highest MCS and two Reference number of REs/PRB pair.
3   Conclusions

In this document we discussed design aspects for introducing 256-QAM and propose the following. 

Proposal 1a: X1 code points (I_MCS->I_TBS,MS) are defined for 256-QAM in the new MCS/TBS lookup.

Proposal 1b: 32-X1 code points (I_MCS->I_TBS,MS) from legacy MCS/TBS lookup are reused in the new MCS/TBS lookup. 

Proposal 2: Three reserved entries (MCS29/30/31) in the 256-QAM TBS/MCS table are used to indicate 16QAM, 64QAM and 256-QAM for retransmission.
Proposal 3: 256-QAM based MCS/TBS lookup is configured individually for each of the four parameter sets linked to PQI field in the DCI 2D. 

Proposal 4: CSI reporting based on 256-QAM CQI table is configured individually for each CSI process.
Proposal 5: The selection of TBS corresponding to 256-QAM should assume that 120 REs/PRB for all spectral efficiencies except the highest spectral efficiency.

Proposal 6: For the highest spectral efficiency, two MCS/TBS levels are defined corresponding to two overhead assumptions (136 REs/PRB and 144 REs/PRB). 
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Annex A

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


Annex B
Table 2. For the highest spectral efficiency, two MCS/TBS levels(I_TBS = 32 and 33) corresponding to two overhead assumptions (136 REs/PRB and 144 REs/PRB).
	ITBS\NRB
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	32
	968
	1992
	2984
	4008
	4968
	5992
	6968
	7992
	8760
	9912

	33
	1032
	2088
	3112
	4136
	5160
	6200
	7224
	8248
	9528
	10296

	ITBS\NRB
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	32
	10680
	11832
	12960
	13536
	14688
	15840
	16992
	17568
	19080
	19848

	33
	11448
	12576
	13536
	14688
	15840
	16992
	17568
	19080
	19848
	20616

	ITBS\NRB
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	32
	20616
	21384
	22920
	23688
	24496
	25456
	26416
	27376
	28336
	29296

	33
	22152
	22920
	23688
	25456
	26416
	27376
	28336
	29296
	30576
	31704

	ITBS\NRB
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	32
	30576
	31704
	32856
	34008
	35160
	35160
	36696
	37888
	37888
	39232

	33
	32856
	34008
	34008
	35160
	36696
	37888
	39232
	39232
	40576
	42368

	ITBS\NRB
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	32
	40576
	40576
	42368
	43816
	43816
	45352
	46888
	46888
	48936
	48936

	33
	42368
	43816
	45352
	45352
	46888
	48936
	48936
	51024
	51024
	52752

	ITBS\NRB
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	32
	51024
	51024
	52752
	52752
	55056
	55056
	57336
	57336
	59256
	59256

	33
	52752
	55056
	55056
	57336
	57336
	59256
	59256
	61664
	61664
	63776

	ITBS\NRB
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70

	32
	59256
	61664
	61664
	63776
	63776
	63776
	66592
	66592
	68808
	68808

	33
	63776
	63776
	66592
	66592
	68808
	68808
	71112
	71112
	71112
	73712

	ITBS\NRB
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80

	32
	71112
	71112
	71112
	73712
	75376
	76208
	76208
	76208
	78704
	78704

	33
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	84760

	ITBS\NRB
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90

	32
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	87936
	87936
	87936

	33
	84760
	84760
	87936
	87936
	87936
	90816
	90816
	90816
	93800
	93800

	ITBS\NRB
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	32
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	97896

	33
	93800
	97896
	97896
	97896
	97896
	101840
	101840
	101840
	101840
	105528

	ITBS\NRB
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110

	32
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896
	97896

	33
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528
	105528


Page 1 of 5

