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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreements achieved in last meeting, this paper discusses the TBS table design including the breaking point, DCI design and downlink power allocation to support 16-QAM for DL and UL.
2. TBS and MCS Table design
2.1. TBS and MCS table design for DL
In RAN1#103-e, the maximum DL TBS to support 16QAM was reached, as copied below.  
	Agreement
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.
Agreement
For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).


In RAN1#103-e, the working assumption about TBS indices for DL has been reached, as copied below. 
	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



We prefer to specify the DL TBS table for 16QAM based on the existing Table 7.1.7.2.1-1 in 36.213 with no modification (328 bits for Isf = 0 and ITBS = 16; 552 bits for Isf = 1 and ITBS = 14; 2472 bits for Isf = 4 and ITBS = 21), i.e. table 1 below. The modified TBS values have little difference with the LTE legacy TBS value, which has limited impact to the performance. Furthermore, if the TBS is the same as LTE, it would be possible to share the same processing module between LTE and NB-IoT from eNB perspective.
Table 1 TBS table for DL 16QAM
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	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



Therefore, the following is proposed
Proposal 1: Confirm the working assumption with the following revision.
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



In RAN1#103-e, the working assumption on the break points between QPSK and 16QAM for downlink has been reached, as copied below. 
	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.



The performance between QPSK and 16QAM in downlink is simulated with simulation assumptions listed in Table A.1, for standalone/guardband and inband deployments.
For DL 1T1R standalone or guard-band deployment, as shown in Figure 1 below, for ITBS = 14 and TBS = 1416 bits, the performance of QPSK is better than 16QAM with a SNR gap about 1.1dB, assuming BLER 10%. For ITBS = 15 and TBS = 1544, the performance of 16QAM is better than QPSK with about 0.3 dB SNR gap, assuming BLER 10%. Therefore, for 1T1R, we can observe that ITBS = 15 ~ 21 should be used for 16QAM DL.
For DL 2T1R standalone or guard-band deployment, as shown in Figure 2 below, for ITBS = 14 and TBS = 1416 bits, the performance of QPSK is better than 16QAM with about 0.4dB SNR gap assuming BLER 10%. For ITBS = 15 and TBS = 1544, 16QAM should be used since QPSK is not applicable. Therefore, for 2T1R, we can observe that ITBS = 15 ~ 21 should be used for 16QAM DL.
Table 2 code rate for standalone/Guard-band with 1T1R
	ITBS
	ISF = 4
	CR_QPSK
	CR_16QAM

	13
	1256
	0.80
	0.40

	14
	1416
	0.90
	0.45

	15
	1544
	0.98
	0.49



Table 3 code rate for standalone/Guard-band with 2T1R
	ITBS
	ISF = 4
	CR_QPSK
	CR_16QAM

	13
	1256
	0.84
	0.42

	14
	1416
	0.95
	0.47

	15
	1544
	Not applicable
	0.52



[image: ]
Figure 1. NPDSCH BLER of QPSK vs. 16QAM with Isf = 4, ITBS=14/15, 1T1R, AWGN channel for standalone/guard-band deployments
[image: ]
Figure 2. NPDSCH BLER of QPSK vs. 16QAM with Isf = 4, ITBS=14, 15, 2T1R, AWGN for standalone/guard-band deployments
However, from Tables 2 and 3, it can be observed that the code rate of QPSK for ITBS=14 exceeds legacy coding rates of NB-IoT. Thus, we propose that ITBS = 14 ~ 21 are used for 16QAM DL. Then the TBS entries for QPSK are the same as legacy Rel-16.
Proposal 2: Confirm the following WA
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.

In RAN1#103-e, it has been agreed that the maximum TBS for in-band deployment is 3624, which corresponds to ITBS = 17, Isf = 10.
The performance between QPSK and 16QAM in downlink is simulated with simulation assumptions listed in Table A.1, for inband deployment.
For DL 1T1R in-band deployment, the simulation results are shown in Figure 3. For ITBS = 10 and TBS = 872 bits, the performance of QPSK is better than 16QAM with about 2.5 dB gap assuming BLER 10%. For ITBS = 11 and TBS = 1000, the performance of QPSK is better than 16QAM with about 1 dB gap assuming BLER 10%. However, from Table 4, it can be observed that the coding rate for ITBS = 11 is larger than legacy maximum coding rate of NB-IoT. Therefore, entries from ITBS = 11 to 17 should be used for 16QAM DL.
For DL 2T1R in-band deployment, the simulation results are shown in Figure 4. When ITBS = 10 and TBS = 872 bits, the performance of QPSK is better than 16QAM with about 2dB gap assuming BLER 10%. For ITBS = 11, as shown in Table 5, QPSK is not applicable. Therefore, for 2T1R in-band deployment, we can observe that entries from ITBS = 11 to 17 should be used for 16QAM DL.
Table 4 In-band deployment mode code rate table for DL
 with 10<=ITBS<=12 and 1T1R
	ITBS
	ISF = 4
	CR_QPSK
	CR_16QAM

	10
	872
	0.83
	0.41

	11
	1000
	0.95
	0.47

	12
	1128
	Not applicable
	0.53



[image: ]
Figure 3. NPDSCH BLER of in-band deployment ITBS=10, 11 QPSK vs. 16QAM with 1T1R and Isf = 4 in AWGN
Table 5 In-band deployment mode code rate table for DL
 with 10<=ITBS<=12 and 2T1R
	ITBS
	ISF = 4
	CR_QPSK
	CR_16QAM

	10
	872
	0.8960
	0.4480

	11
	1000
	Not applicable
	0.5120

	12
	1128
	Not applicable
	0.5760



[image: ]
Figure 4. NPDSCH BLER of in-band deployment ITBS=10, 11 QPSK vs. 16QAM with 2T1R and Isf = 4 in AWGN
Therefore, we have the following proposal:
Proposal 3: Confirm the WA with following revisions.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

In RAN1#103-e, it has been agreed that repetitions larger than 2 are not supported in case of 16QAM for DL, as copied as below.
	Agreement
Repetitions larger than 2 are not supported in case of 16QAM for downlink
· FFS: Whether repetition of 2 is supported or not



Simulation is performed to investigate whether the use of 16QAM with 2 repetitions can achieve better performance than the 16QAM or QPSK without repetition, with the same TBS and same resources. We consider the following four cases, with the results shown in Figure 5.
Case 1: 16QAM, TBS1544, RU = 5, Repetition = 2
Case 2: 16QAM, TBS1544, RU = 5, Repetition = 1
Case 3: 16QAM, TBS1544, RU = 10, Repetition = 1
Case 4: QPSK, TBS1544, RU = 10, Repetition = 1.
[image: ]
Figure 5. NPDSCH standalone deployment with 1T1R in AWGN channel
As can be observed, case 1 is worse than case 3, because code rate of case 1 is higher than case 3. And case 1 is also worse than case 4 with the same resources. Therefore, we propose that repetition of 2 is not supported in DL 16QAM.
Proposal 4: Repetition of 2 is not supported for 16-QAM in DL.

2.2. TBS and MCS table design for UL
In RAN1#103-e, the working assumption TBS indices introduced for UL has been reached, as copied below. 
	Working Assumption 
The following TBS indices are introduced for uplink
	

	


	
	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
	
	
	






For 16-QAM, we propose to confirm that the UL TBS table for NB-IoT should be based on the existing Table 7.1.7.2.1-1 in 36.213. 
Proposal 5: Confirm the working assumption below to support 16-QAM in UL.
The following TBS indices are introduced for uplink
	

	


	
	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
	
	
	



The performance between QPSK and 16QAM in uplink is simulated with simulation assumptions listed in Table A.2.
For UL, as shown in Figures 6 and 7, when ITBS = 12, the performance of QPSK is better than 16QAM with about 0.6 dB SNR gap assuming BLER 10%. When ITBS = 13, the performance of 16QAM is better than QPSK with about 0.2~0.3 dB SNR gap assuming BLER 10%. Therefore, we can conclude that the UL TBS entries between 13 (TBS of 2536 for ISF = 7) and 21 are used for 16QAM.
Table 5 Code rate table for UL full PRB with 12<=ITBS<=13 and 1T2R
	ITBS
	ISF = 4
	ISF = 1
	CR_QPSK
	CR_16QAM

	12
	1128
	440
	0.80
	0.40

	13
	1256
	488
	0.889
	0.444
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Figure 6. NPUSCH BLER of ITBS=12, 13 QPSK vs. 16QAM with 1T2R and Isf = 4 in AWGN
[image: ]
Figure 7. NPUSCH BLER of ITBS=12, 13 QPSK vs. 16QAM with 1T2R and Isf = 1 in AWGN
Proposal 6: The UL TBS entries between 13 (TBS of 2536 for ISF = 7) and 21 are used for 16QAM.
In RAN1#103-e, it has been agreed that 16QAM in UL can be used at least for multi-tone 12 subcarriers, as copied below.
	Agreement
16QAM can be used at least for multi-tone transmission with 12 subcarriers.
· FFS: 3 and 6 subcarriers.



In NB-IoT, the NPDSCH ACK/NACK is transmitted by the single tone NPUSCH format 2, which corresponds to transmission of NPDSCH. Thus, once the single tone NPUSCH format 2 is transmitted, the 16QAM transmission with 12 tones cannot be scheduled in the slots/subframes overlapping with NPUSCH format 2. Thus the eNB scheduling will be very restricted if sub-PRB is not supported for 16QAM. And 16-QAM in UL can boost peak date rate not only for full-PRB allocations but also for other multi-tone allocations with 3 or 6 allocated subcarriers. Thus, we propose to support 3 and 6 subcarriers for 16QAM in UL.
Proposal 7: 16-QAM can be used for NPUSCH with multi-tone 3 and 6 subcarriers.
3. [bookmark: _GoBack]DCI design
As mentioned above, the TBS table for DL and UL should be extended. As the TBS index is associated with MCS index in NB-IoT, it is expected that the change of DCI is needed, e.g. the change of MCS field. 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 proposed to avoid increasing the DCI size by reinterpretation of some existing fields or using spare states.
Proposal 8: The introduction of 16-QAM should avoid increase of DCI size.
16-QAM is suitable to be used for a UE in good coverage as higher SNR than QPSK is required. However, if the channel condition becomes worse, the performance of 16QAM will be degraded. Therefore, it is necessary to allow eNB to fallback to legacy scheduling, i.e. scheduling any Rel-16 QPSK TBS and repetition numbers for this UE to guarantee the performance. 
Proposal 9: Considering possible channel condition variations, the flexibility of scheduling Rel-16 QPSK TBS and repetition numbers is supported if 16QAM is enabled.

4. DL power allocation
In RAN1#103-e, it has been agreed that signaling the ratio of NPDSCH EPRE to NRS EPRE is supported for DL power allocation. The following agreement has been reached.
	Agreement
Explicit or implicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported.
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS



[bookmark: OLE_LINK14]In LTE, DL power allocation is supported for 16-QAM and other higher modulations. 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. 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.
For 16-QAM in NB-IoT, the signaling for power allocation can be similar to that of LTE. For guard-band or standalone deployment mode, a parameter  is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS. A parameter  is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. 
For in-band deployment mode, the parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS and CRS. The parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. Additionally, a parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing CRS. 
From signaling overhead point of view, if all these parameters are the same or the NPDSCH EPRE in all symbols are the same, then only one parameter is needed for signaling overhead reduction. 
Proposal 10: Explicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported. If all these parameters are the same or the NPDSCH EPRE in all symbols are the same, then only one parameter is needed for signaling. 
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS

5. 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.
Proposal 1: Confirm the working assumption with the following revision.
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


Proposal 2: Confirm the following WA
· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.
Proposal 3: Confirm the WA with following revisions.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.
Proposal 4: Repetition of 2 is not supported for 16-QAM in DL.
Proposal 5: Confirm the working assumption below to support 16-QAM in UL.
The following TBS indices are introduced for uplink
	

	


	
	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
	
	
	


Proposal 6: The UL TBS entries between 13 (TBS of 2536 for ISF = 7) and 21 are used for 16QAM.
Proposal 7: 16-QAM can used for NPUSCH with multi-tone 3 and 6 subcarriers.
Proposal 8: The introduction of 16-QAM should avoid increase of DCI size.
Proposal 9: Considering possible channel condition variations, the flexibility of scheduling Rel-16 QPSK TBS and repetition numbers is supported if 16QAM is enabled.
Proposal 10: Explicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported. If all these parameters are the same or the NPDSCH EPRE in all symbols are the same, then only one parameter is needed for signaling. 
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS
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Appendix
Simulation Assumptions
Table A.1 NPDSCH simulation assumptions
	Parameter
	Value/Description

	Operation mode for DL
	Stand-alone, Guard-band, and In-band with 2 or 4 CRS ports

	Number of antennas
	1T or 2T, 1R

	Channel model 
	AWGN

	Frequency Resource
	1 PRB

	Number of repetitions
	Baseline number of repetitions = 1
(Companies can provide results for other repetition)

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Realistic

	Frequency Offset
	0

	Time Offset
	0



Table A.2 NPUSCH simulation assumptions
	Parameter
	Value/Description

	Number of antennas
	1T, 2R

	Channel model 
	AWGN

	Frequency Resource
	12-tone

	Number of repetitions
	Baseline number of repetitions = 1
(Companies can provide results for other repetition)

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Realistic

	Frequency Offset
	0

	Time Offset
	0
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