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1 Introduction
During the RAN#86 meeting, one work item was set to study the further enhancement on the MTC/NB-IoT. Regarding the objectives to specify 16-QAM for NB-IoT and 14-HARQ processes for HD-FDD LTE-MTC, the purpose is to have a peak data rate increase whilst retaining differentiation between LTE-MTC and NB-IoT. 
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]

· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 

· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]

· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]

· For UEs supporting PUSCH sub-PRB resource allocation, study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power. [LTE-MTC] [RAN4]


In this contribution, we will discuss the support of 16 QAM in NB-IoT with focus on the design of TBS table and MCS table. Based on the discussion, our view is to be revealed accordingly. 
2 Discussion
2.1 Design of TBS table
With the introduction of 16 QAM in NB-IoT，some changes in TBS table is expected. In DL, the maximum TBS for all resource allocation is expected to be increased. In UL, the maximum TBS for some resource allocation is expected to be increased. Thus, TBS table needs redesign to incorporate the new TBS.  For NB-IoT, the current TBS table is extracted from the TBS table of normal LTE system . Thus, similar methodology can be reused to design the new TBS table supporting 16 QAM. 
For DL, as stated in the SID[1], the maximum TBS after the introduction of 16 QAM is around 2 times of the maximum TBS supported in previous release. In previous release, the maximum TBS in DL is 680 bits. So, the maximum TBS supporting 16 QAM is around 1360 bits. Considering it is better to reuse the existing TBS value in LTE TBS table, then the closet TBS can be 1352 bits in DL. For UL, it is required not to increase the maximum TBS. Hence, the previous maximum TBS value 1000 bits still holds after the introduction of 16 QAM. 

Proposal 1:

· For DL, the maximum TBS value is 1352 bits

· For UL, the maximum TBS value is 1000 bits

As for the detailed TBS values, the following steps can be referred. And Table.1 is one example for DL. 
· Step 1：Determine the maximum TBS index to be introduced. For example, in most cases, the maximum TBS index for 16 QAM is TBS#19. Then we could reuse the TBS#19 as the maximum TBS for 16 QAM in NB-IoT. 

· Step 2: For TBS values with TBS index no larger than the maximum TBS index determined in step 1, set the values no larger than the maximum TBS as the candidate TBS for each possible resource allocation. In Table.1, the TBS values marked in red are set as the candidate TBS values for DL and UL, respectively. 

· Step 3: Under some specific resource allocation, the maximum candidate TBS values determined in step 2 is much smaller than the maximum TBS supported by NB-IoT and the TBS index of the maximum candidate TBS value under that resource allocation doesn’t reach the overall maximum TBS determined in step 1. For these cases, the overall maximum TBS value e.g., 1352 bits can be included as marked in blue in Table.1.  For example, in Table.1, when the resource allocation is I_SF=3, 4, 5, the maximum candidate TBS value in step 2 is smaller than 1352 bits. Then 1352 bits is added for these cases. 
Table 1 Example of new TBS table for DL
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	10
	144
	328
	504
	680
	872 
	1032 
	1384
1352 
	1736 

	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	14
	256
	552
	840
	1128
	1416

1352
	1736
	2280
	2600

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	2728

	16
	328
	632
	968
	1288
	1608
	1928
	2600
	2984

	17
	336
	680
	1064
	1416

1352
	1800
	2152
	2856
	3240

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	3624

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	3880


2.2 Design of MCS table
MCS table defines the relationship among MCS index, modulation order and the TBS index. In previous release, for DL, only QPSK is supported and the mapping relationship between MCS index and TBS index is 
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. And 4 bits in DCI is utilized to indicate the value of 
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. For UL, 
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is determined based on the following mapping table. And similarly, 
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 is indicated by 4 bits in DCI. 
Table 2 UL MCS table in previous release

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	1
	0

	1
	1
	2

	2
	2
	1

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10


With the introduction of 16 QAM, new TBS values are to be introduced and the mapping relationship among the MCS index, modulation order and the TBS index needs further discussion. We will discuss the mapping between MCS index and TBS index first and then discuss how to set the modulation order. 

With the introduction of new TBS values, the TBS indexes is to be increased accordingly and it is possible that the existing 4 bits MCS field is not sufficient to indicate the MCS index. For example, if the maximum TBS index for DL is TBS#19 and still keep the mapping relationship of 
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, then 5 bits is required. In our opinion, increasing the size of MCS field is not preferable as it may increase the size of DCI. Redesign of the mapping relationship between TBS index and MCS index can be considering by taking the feature of use case for 16 QAM. For example, 16 QAM is mainly used in the scenario, in which UEs experience good SINR. In that sense, there is little possibility of using low TBS index. So some low TBS index can be punctured.  As for the puncture manner, there are two options
· Option 1: the puncture is the same for different resource allocation cases as shown in the example in Table. 3
· Option 2: the puncture is different for different resource allocation cases. When we observe the example in Table.1, it is found that the number of feasible TBS index for different resource allocation is different. Furthermore, for some resource allocation such as I_SF=4, 5, 6, 7, the total number of feasible TBS index is even smaller than 16 which can be indicated by 4 bits without puncture. So different mapping relationship between MCS index and TBS index for different resource allocation can be considered as shown in the example in Table.4
For the above two options, option 1 is simple and option 2 may achieve better performance due to finer puncture design. Comparing these two options, we have a slight preference on option 2. 
Setting the modulation order is another issue which requires further study. The following options are possible
· Option 1: For one TBS index, the modulation order is the same under different resource allocation as shown in the example in Table.4
· Option 2: For one TBS index, the modulation order is different for different resource allocation. For example, in DL, under specific resource allocation, QPSK is set for TBS values already supported in previous release. For the newly introduced TBS value, 16 QAM is set for them. In this case, for one TBS index under different resource allocation, different modulation order will be set. 
For the above two options, in our opinion, these two options may achieve similar performance and option 1 is more simple. So we have a slight preference on option 1. 
Table 3 Example of same mapping relationship for different resource allocation

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	1

	1
	2
	3

	2
	2
	5

	3
	2
	6

	4
	2
	7

	5
	2
	9

	6
	2
	10

	7
	2
	11

	8
	2
	12

	9
	2
	13

	10
	2
	14

	11
	4
	15

	12
	4
	16

	13
	4
	17

	14
	4
	18

	15
	4
	19


Table 4 Example of different mapping between MCS index and TBS index for different resource allocation

	MCS Index
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	Modulation Order
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	TBS Index
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	I_SF=0,1,2,3
	I_SF=4,5,6,7

	0
	2
	1
	0

	1
	2
	3
	1

	2
	2
	5
	2

	3
	2
	6
	3

	4
	2
	7
	4

	5
	2
	9
	5

	6
	2
	10
	6

	7
	2
	11
	7

	8
	2
	12
	8

	9
	2
	13
	9

	10
	2
	14
	10

	11
	4
	15
	11

	12
	4
	16
	12

	13
	4
	17
	13

	14
	4
	18
	14

	15
	4
	19
	15


Table 5 Example of different mapping between MCS index and TBS index and different modulation order setting for different resource allocation 
	MCS Index
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	Modulation Order
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	TBS Index
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	I_SF=0,1,2,3
	I_SF=4,5,6,7
	I_SF=0,1,2,3
	I_SF=4,5,6,7

	0
	2
	2
	1
	0

	1
	2
	2
	3
	1

	2
	2
	2
	5
	2

	3
	2
	2
	6
	3

	4
	2
	2
	7
	4

	5
	2
	2
	9
	5

	6
	2
	2
	10
	6

	7
	2
	2
	11
	7

	8
	2
	4
	12
	8

	9
	2
	4
	13
	9

	10
	2
	4
	14
	10

	11
	4
	4
	15
	11

	12
	4
	4
	16
	12

	13
	4
	4
	17
	13

	14
	4
	4
	18
	14

	15
	4
	4
	19
	15


Proposal 2: 

· Redesign the mapping relationship between MCS index and TBS index to keep no increase in the MCS field in DCI

· Further discuss the detailed mapping schemes for TBS index, MCS index and modulation order. 

3 Conclusion
In this contribution, we discuss the issues related to supporting 16 QAM, based on the discussion, our views are summarized as follows
Proposal 1:

· For DL, the maximum TBS value is 1352 bits

· For UL, the maximum TBS value is 1000 bits

Proposal 2: 

· Redesign the mapping relationship between MCS index and TBS index to keep no increase in the MCS field in DCI

· Further discuss the detailed mapping schemes for TBS index, MCS index and modulation order. 
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