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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID for Rel-17 enhancements for NB-IoT and LTE-MTC [1] includes an objective to support 16-QAM for unicast in UL and DL in 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] 
In this contribution, we provide our views on support of 16-QAM for unicast in UL and DL in NB-IoT.
2. Peak data rate
In Rel-16 NB-IoT, the peak data rates for DL and UL are 126.8 kbps and 158.5 kbps respectively, assuming QPSK and 2 HARQ processes in a non-anchor carrier. For this, a 2536 bits TBS for each HARQ process is used and the operation mode of the non-anchor carrier is standalone. NB-IoT is deployed in many places and it serves well for some scenarios such as stationary meters, deep coverage LPWA IoT, etc. However, some IoT applications require higher peak data rates which exceed the current maximum peak data rate in Rel-16. Such applications tend to be found in better coverage, and include for example heartbeat monitoring, voice commands for remote control, and software upgrades in [2][3][4][5].
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Observation 1: To support further IoT applications such as heartbeat monitoring, voice command for remote control, and software upgrades, the Rel-17 objective to increase the current DL peak data rate to e.g. 2x the Rel-16 126.8 kbps was introduced and also to increase the current UL peak date rate.
2.1. Peak data rate for DL
[bookmark: OLE_LINK8]In Rel-17 NB-IoT, 16-QAM is to be supported to further improve the peak data rate. Generally the DL peak data rate for 16-QAM will be increased by twice compared with Rel-16, since 16-QAM allows the modulation symbol to carry twice as much information bits as QPSK. 
The peak data rate depends on both the maximum TBS and the maximum code rate that is supported. In LTE, it is well-known that the maximum code rate is 0.932 else the UE can discard the TB (see section 7.1.7 of 36.213). The same maximum code rate should be approached for 16-QAM in NB-IoT, which is achieved from the existing values in Table 7.1.7.2.1-1 in 36.213 with the value of 5736 bits. This increases the peak rate to 286.8 kbps under Rel-16 timing relationships, which satisfies the “e.g. 2x” increase in the WID and allows maximally efficient use of resources. The DL peak data rate for Rel-16 and Rel-17 are summarized in Table 1.



Table 1 Peak data rate for DL
	
	Rel-16
	Rel-17

	Peak data rate (kbps)
	126.8
	286.8


Observation 2: For 16-QAM, the DL peak data rate is 286.8 kbps if the maximum TBS is increased to 5736 bits.
Proposal 1: For 16-QAM, the DL maximum TBS is 5736 bits.

2.2. Peak data rate for UL
In Rel-17 NB-IoT, 16-QAM for UL is to be supported, without increase of maximum TBS. With the introduction of 16QAM, the maximum TBS can be mapped to smaller number of RUs to improve the peak data rate. It should be allowed to have almost 0.932 code rate for maximum TBS mapped to smaller number of RUs. Based on this principle, the 2536 bits should be at least mapped to 5 RUs since the code rate exceeds 0.932 if 2536 bits is mapped to 4 RUs. Accordingly, the UL peak data rate can also be increased to 211.3 kbps, assuming the timing relationship and scheduling delay for UL transmission are same as that in Rel-16.The UL peak data rate for Rel-16 and Rel-17 are summarized in Table 2. 
Table 2 Peak data rate for UL
	
	Rel-16
	Rel-17

	Peak data rate (kbps)
	158.5
	211.3



[bookmark: OLE_LINK1]Observation 3: For 16-QAM, the UL peak data rate is 211.3kbps if the maximum TBS with 2536 bits is mapped to 5 RUs.
Proposal 2: For 16-QAM, the UL maximum TBS with 2536 bits can be mapped to at least 5 RUs.

3. TBS table design
3.1. TBS table for DL
[bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK2]In Rel-16, the DL maximum TBS is 2536 bits. As discussed above, for 16-QAM the DL maximum TBS should be increased to 5736 bits. Thus the DL TBS table in Rel-16 should be extended. The DL TBS table for NB-IoT can be based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS<=23, where 0 <= ITBS <=13 is the same as Rel-16 in NB-IoT. The principle is that the maximum code rate does not exceed 0.932, where stand-alone operation mode and antenna configuration with 1T1R are assumed. An example is shown in Table 3.
[bookmark: _Ref31730918]Table 3 An example of TBS table for DL
	

	


	
	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 
	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
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328
	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
	2984
	4008
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	4264
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4584
	5736



[bookmark: OLE_LINK9]Proposal 3: Adopt table 3 as the TBS design to support 16-QAM in DL.
3.2. TBS table for UL
In Rel-16, the UL maximum TBS with 2536 bits is mapped to 10 RUs. With the introduction of 16-QAM, the UL maximum TBS with 2536 bits can be mapped to at least 5 RUs. Thus the UL TBS table in Rel-16 should be extended. The UL TBS table for NB-IoT can be designed based on existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS<=21, where 0 <= ITBS <=13 is the same as Rel-16. Similarly as DL, the principle is that the maximum code rate does not exceed 0.932, where 12-tone is assumed. 
Note that some TBS values are replaced by 2536 bits. For 5 RUs, the maximum TBS is 2536 bits rather than 2472 bits to achieve higher UL peak data rate. For 6 RUs and 8 RUs, since WID states that the UL maximum TBS should not be increased, the maximum TBS is 2536 bits rather than 2600 bits. An example is shown in Table 4.
[bookmark: _Ref31731377]Table 4 An example of TBS table for UL
	

	


	
	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
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	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
	
	
	



Proposal 4: Adopt table 4 as the TBS design to support 16-QAM in UL.
4. DCI design
As mentioned above, the TBS table for DL and UL should be extended. As the TBS index is associated with MCS index, it is expected that the change of DCI is needed e.g. the change of MCS field. Same as other features, such as two HARQ processes in Rel-14 and multiple TB scheduling in Rel-16, the change of DCI should not increase the UE complexity in terms of NPDCCH blind decodes.
Proposal 5: The introduction of 16-QAM shall not increase the NPDCCH blind decodes.
16-QAM is suitable to be used for a UE in good coverage as higher SNR is required than QPSK. However, it is still necessary to allow eNB to schedule QPSK for this UE in case of channel variations, so legacy MCS indexes should be maintained. To support 16-QAM, the MCS index should be extended, which may increase the DCI size. As increased DCI size will degrade the performance of NPDCCH decoding, it is necessary to consider to avoid increasing the DCI size by e.g. reinterpretation of some existing fields or spare states etc.
Proposal 6: The introduction of 16-QAM shall avoid increasing DCI size.
5. DL power allocation
[bookmark: OLE_LINK14]In LTE, DL power allocation is supported for 16-QAM and other higher modulations. The ratio of PDSCH EPRE to CRS EPRE is signaled to the UE to avoid performance degradation for the QAM modulation and additional UE processing. The related configuration parameter includes a UE-specific parameter PA and a cell-specific parameter PB. The UE-specific parameter PA is used to determine the ratio of PDSCH EPRE to CRS EPRE for OFDM symbols not containing CRS. The UE-specific parameter PA and the cell-specific parameter PB can be used to determine the ratio of PDSCH EPRE to CRS EPRE for OFDM symbols containing CRS. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK24]For 16-QAM in NB-IoT, DL power allocation is also to be supported. Signaling the ratio of PDSCH EPRE to NRS EPRE should be introduced, which is similar to LTE. One option for DL power allocation is to follow the LTE principle that the NPDSCH EPRE of OFDM symbols not containing NRS is adjusted by PA and the NPDSCH EPRE of OFDM symbols containing NRS is adjusted by PA and PB. This is flexible but requires more signaling overhead. Another option is that the NPDSCH EPRE is only adjusted by PA assuming the NPDSCH EPRE of OFDM symbols containing and not containing NRS are the same. This is simpler with less signaling overhead, but it’s not flexible enough to adjust the NPDSCH EPRE of different OFDM symbols.
Proposal 7: Signal the ratio of NPDSCH EPRE to NRS EPRE for 16-QAM. FFS the detailed signaling.
Proposal 8: For 16-QAM, FFS whether or not the PDSCH EPRE is the same in OFDM symbols containing NRS and not containing NRS.

6. MCS simulation assumptions
To support 16-QAM in NB-IoT, the MCS table for DL and UL should be redesigned, which requires evaluations of QPSK and 16-QAM. The simulation assumptions for DL and UL are given in Table 5 and Table 6 respectively.
Table 5: Simulation assumptions for DL
	Parameter
	Value/Description

	Operation mode for DL
	Stand-alone

	Number of antennas
	1T1R

	Channel model 
	AWGN

	Frequency Resource
	1 PRB

	Number of repetitions
	1

	Number of subframes
	5

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Ideal

	Frequency Offset
	0

	Time Offset
	0



Table 6: Simulation assumptions for UL
	Parameter
	Value/Description

	Number of antennas
	1T2R

	Channel model 
	AWGN

	Frequency Resource
	12-tone

	Number of repetitions
	1

	Number of RUs
	5

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Ideal

	Frequency Offset
	0

	Time Offset
	0



Proposal 9: Adopt the simulation assumptions in table 5 and table 6 to evaluate the MCS design.

7. Conclusion
In this contribution, our views on support of 16QAM for unicast in UL and DL in NB-IoT are provided. The following proposals are made.
Observation 1: To support further IoT applications such as heartbeat monitoring, voice command for remote control, and software upgrades, the Rel-17 objective to increase the current DL peak data rate to e.g. 2x the Rel-16 126.8 kbps was introduced and also to increase the current UL peak date rate.
Observation 2: For 16-QAM, the DL peak data rate is 286.8 kbps if the maximum TBS is increased to 5736 bits.
Observation 3: For 16-QAM, the UL peak data rate is 211.3kbps if the maximum TBS with 2536 bits is mapped to 5 RUs.
Proposal 1: For 16-QAM, the DL maximum TBS is 5736 bits.
Proposal 2: For 16-QAM, the UL maximum TBS with 2536 bits can be mapped to at least 5 RUs.
Proposal 3: Adopt table 3 as the TBS design to support 16-QAM in DL.
Proposal 4: Adopt table 4 as the TBS design to support 16-QAM in UL.
Proposal 5: The introduction of 16-QAM shall not increase the NPDCCH blind decodes.
Proposal 6: The introduction of 16-QAM shall avoid increasing DCI size.
Proposal 7: Signal the ratio of NPDSCH EPRE to NRS EPRE for 16-QAM. FFS the detailed signaling.
Proposal 8: For 16-QAM, FFS whether or not the PDSCH EPRE is the same in OFDM symbols containing NRS and not containing NRS.
Proposal 9: Adopt the simulation assumptions in table 5 and table 6 to evaluate the MCS design.
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