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1. Introduction
This tdoc discusses the design considerations to support the following objective from the Rel 17 NB-IOT/LTE-M work item [1]:

· 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] 
The following agreements have been made so far:
At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is 4968 bits with ISF=7.

For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).

Working Assumption 
The following TBS indices are introduced for downlink
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.

· FFS for I_SF > 7

Working Assumption 

The following TBS indices are introduced for uplink

	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	

	16
	328
	632
	968
	1288
	1608
	1928
	2536
	

	17
	336
	696
	1064
	1416
	1800
	2152
	
	

	18
	376
	776
	1160
	1544
	1992
	2344
	
	

	19
	408
	840
	1288
	1736
	2152
	2536
	
	

	20
	440
	904
	1384
	1864
	2344
	
	
	

	21
	488
	1000
	1480
	1992
	2536
	
	
	


Working Assumption

· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.

· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

Repetitions larger than 2 are not supported in case of 16QAM for downlink

· FFS: Whether repetition of 2 is supported or not

16QAM can be used at least for multi-tone transmission with 12 subcarriers.

· FFS: 3 and 6 subcarriers.

2. FFS for ISF>7

The following WA was made in meeting #103e:

Working Assumption 
The following TBS indices are introduced for downlink
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	[2472, 2536]
	2984
	4008
	4968


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.

· FFS for I_SF > 7

For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).
As seen from above, there is an open issue whether the TBS table needs to be expanded beyond  I_SF = 7. Expanding the I_SF is mainly needed to increase the data rate for the inband case but is also useful for guard and standalone cases.  
In-band Speed: If no additional I_SF is added, the max N_SF=10 and with max TBS=3624, the peak DL data rate is 181kbps. If N_SF is expanded to 14, then a max TBS= 4968 can be support while providing good code rates:
	Scenario
	TBS
	N_SF
	Code Rate

	SA/GB
	4968
	10
	0.82

	In-band
	3624
	10
	0.91

	In-band
	4968
	14
	0.89


With TBS=4969 and N_SF=14, the peak DL data rate is 207kbps. 
Observation 1: Supporting N_SF=14, will increase in-band peak DL data rate from 181 to 207kbps (+14.3%)

Standalone/Guard-band: Although this mainly helps increase the data rate for the in-band case, it also increase the data rate for the standalone and guard-band scenarios when the coverage requires a lower code rate than 0.8. For example, if the code rate required is 0.6:

· With N_SF=10,  a TBS =3624 must be used, resulting in a data rate of 181kbps.  
· With N_SF=14, a TBS= 4968 can be used, resulting in a data rate of 207kbps.
The above results in a 14.3% increase in speed. Since an increase in speed will occur whenever less than 0.8 code rate is needed thus an increase in speed is expected throughout most of the cell. 

Observation 2: For the guard-band and standalone scenarios, supporting N_SF=14 will improve data rate by 14.3% in most coverage conditions. 
TBS Table:

For example, the following entries can be added to the TBS table for higher N_SF values:
	ITBS
	N_SF

	
	12
	14

	0
	328
	376

	1
	424
	488

	2
	520
	616

	3
	680
	808

	4
	840
	1000

	5
	1032
	1224

	6
	1224
	1480

	7
	1480
	1672

	8
	1672
	1928

	9
	1864
	2216

	10
	2088
	2472

	11
	2408
	2792

	12
	2728
	3240

	13
	3112
	3624

	14
	3496
	4008

	15
	3624
	4264

	16
	3880
	4584

	17
	4392
	[4968]

	18
	4776
	

	19
	[4968]
	


There are two options possible to signal these new N_SF in DCI:
· Option 1: Add two more columns and Increase size of resource assignment field ISF by 1 bit
· Option 2: Remap I_SF to a different set of N_SF e.g.  remove N_SF=3 &5. Whether UE use legacy I_SF to N_SF table or new table can be RRC configuration  
Observation 3: Higher N_SF values can be signaled without increasing DCI size.

Given the above observations, the following proposal is made:

Proposal 1:   Support additional N_SF values of 12 and 14. 
· FFS: DCI changes
3. Support for Repeats=2
The following agreement was made last meeting:

Repetitions larger than 2 are not supported in case of 16QAM for downlink

· FFS: Whether repetition of 2 is supported or not
If the coverage level requires repetition to be used, 16 QAM is not the best choice of modulation.  It is possible that not supporting repeats with 16QAM may reduce DCI size by being able to re-purposing some fields when no repeats are indicated. 

Proposal 2:   Repetition=2 is not supported with 16QAM 

4. Sub-PRB support with 16QAM
The following agreement was made last meeting:

16QAM can be used at least for multi-tone transmission with 12 subcarriers.

· FFS: 3 and 6 subcarriers.

Sub-PRB transmission is generally used to increase spectral efficiency but reduces speed. The main motivation of this work item is to increase peak data rate which will be lower if sub-PRB is supported. If 3 and 6 subcarriers are not used with 16QAM, these bits could be repurposed to expand the MCS table when no repeats are set. 

Proposal 3:   3 and 6 subcarriers are not supported with 16QAM.

5. Conclusions
Observation 4: Supporting N_SF=14, will increase in-band peak DL data rate from 181 to 207kbps (+14.3%)

Observation 5: For the guard-band and standalone scenarios, supporting N_SF=14 will improve data rate by 14.3% in most coverage conditions. 

Observation 6: Higher N_SF values can be signaled without increasing DCI size.

Proposal 4:   Support additional N_SF values of 12 and 14. 
· FFS: DCI changes
Proposal 5:   Repetition=2 is not supported with 16QAM 

Proposal 6:   3 and 6 subcarriers are not supported with 16QAM.
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