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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last meeting, there were agreements achieved on aspects of DL/UL TBS, DL power allocation and evaluation assumptions to support 16QAM.
This paper firstly discusses TBS, DCI design and downlink power allocation to support 16-QAM for DL and UL.
2. Maximum TBS for DL
[bookmark: OLE_LINK8]In Rel-17 NB-IoT, 16-QAM is to be supported to further improve the peak data rate [1]. Generally the DL peak data rate for 16-QAM will be increased by a multiple of 2 compared with Rel-16, since 16-QAM allows the modulation symbol to carry twice the information bits of QPSK. In RAN1#102-e, it has been agreed that the maximum TBS to support 16-QAM for unicast in DL is selected from three given options for standalone and guard-band deployments, as copied below. 
	Agreement
At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is select one option from following:
· Option 1: 4968 bits with ISF=7
· Option 2: 5072 bits with ISF=7
· Option 3: 5736 bits with ISF=7
· FFS on ISF>7 for this maximum TBS
FFS for inband deployments


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 can be achieved from the existing values in Table 7.1.7.2.1-1 in 36.213 with the value of 5736 bits for 10 subframes (ISF=7). 
Compared with the other two options, option 3 can achieve the highest peak date rate of 286.8 kbps, while requiring the same soft buffer size with other options for the 16-QAM NB-IoT UEs, and allow maximally efficient use of resources. Additionally, with option 3 the maximum code rate does not exceed 0.932 for stand-alone and guard-band deployments with antenna configuration of 1T1R. 
Option 1 has the same soft buffer size as option 3, but it cannot fully utilize the benefits of 16QAM to achieve the potentially highest peak data rate. For option 2, the maximum TBS slightly improves the peak data rate compared with option 1. However, this type of TBS is not in the LTE TBS table, and as a result it may not be possible to share some TBS processing module in eNB between LTE and 16QAM NB-IoT. 
Proposal 1: 5736 bits with ISF = 7 (i.e. option 3) is the maximum TBS to support 16-QAM for unicast in DL for standalone and guard-band deployments.
Another issue is whether to support ISF>7 for this maximum TBS. The expansion of ISF>7 would need more soft buffer size. Assuming a maximum buffer size of 5000 bits with ISF = 7, then following the legacy way to calculate soft buffer size, it will be. However when ISF increases, e.g., the number of RU increases to 20, the soft buffer size will be . Consequently, if ISF>7 is supported the soft buffer size will be doubled, which has significant impact on the UE cost.
Compared with increasing of TBS rows, expansion of TBS columns achieves lower peak data rate. If the columns increase to 20 RUs, the peak date rate will be 2*5000 bits/60 subframes = 166.67 kbps assuming a maximum TBS of 5000 bits. When the row number increases to keep the column as 10 RUs, the peak date rate will be 2*5000 bits/40 subframes = 250 kbps, which is 1.5 times than that for ISF>7. 
Thus, considering the cost of soft buffer size and the peak data rate, it is not preferable to introduce ISF>7 for this maximum TBS.
Proposal 2: ISF>7 for 16-QAM is not supported.
3. TBS table design
3.1. TBS table for DL
In RAN1#102-e, it has been agreed the TBS/MCS table should be designed considering several aspects as below. 
	Agreement
Further study on TBS/MCS table design, resource assignment and TBS allocation to support 16QAM in DL considering at least:
· MCS field size
· Achievable code rates
· Avoidance of link-adaptation issues (i.e., large SINR differences between different entries within one TBS row or between different entries in adjacent TBS rows)
· The break point between different modulation schemes
· Impacts of deployment modes  
· Indication of modulation scheme for retransmissions
· Applicability of repetitions
· UE data rate


[bookmark: OLE_LINK6][bookmark: OLE_LINK4]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 the existing Table 7.1.7.2.1-1 in 36.213 with the constraint of ITBS<=23, where 0 <= ITBS <=13 is the legacy Rel-16 and 14 <= ITBS <=23 is newly added (marked as yellow), as shown in Table 1. 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. 
[bookmark: _Ref31730918]Table 1 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 1 as the TBS design to support 16-QAM in DL.
Table 2 shows code rates of standalone or guard-band deployment with 14<=ITBS<=23. As can be observed in Table 2, link-adaptation issues are avoided since the code rates achieved within one TBS row are close to each other, resulting in small SINR differences. 
Table 2 Standalone/Guard-band deployment mode code rate table for DL
 with 14<=ITBS<=23 and 1T1R
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	0.438 
	0.450 
	0.450 
	0.450 
	0.450 
	0.458 
	0.450 
	0.450 

	15
	0.475 
	0.488 
	0.483 
	0.488 
	0.490 
	0.475 
	0.488 
	0.490 

	16
	0.550 
	0.513 
	0.517 
	0.513 
	0.510 
	0.508 
	0.513 
	0.510 

	17
	0.563 
	0.563 
	0.567 
	0.563 
	0.570 
	0.567 
	0.563 
	0.570 

	18
	0.625 
	0.625 
	0.617 
	0.613 
	0.630 
	0.617 
	0.613 
	0.630 

	19
	0.675 
	0.675 
	0.683 
	0.688 
	0.680 
	0.683 
	0.688 
	0.670 

	20
	0.725 
	0.725 
	0.733 
	0.738 
	0.740 
	0.733 
	0.738 
	0.720 

	21
	0.800 
	0.800 
	0.783 
	0.788 
	0.780 
	0.783 
	0.788 
	0.780 

	22
	0.850 
	0.850 
	0.850 
	0.850 
	0.840 
	0.850 
	0.838 
	0.840 

	23
	0.900 
	0.900 
	0.917 
	0.900 
	0.900 
	0.917 
	0.900 
	0.900 



Furthermore, the higher SNR required for 16-QAM indicates high channel quality which limits the use cases for repetitions for NB-IoT. It can be rarely beneficial to apply repetitions in 16-QAM for DL. Thus, it is proposed that repetition R=1 is assumed for 16-QAM in NPDSCH. 
[bookmark: _GoBack]Proposal 4: Repetition is not supported for 16-QAM in DL.
For in-band deployment, the RE number per SF decreases compared with guard-band or standalone deployments due to the existence of CRS. Thus, the code rate would exceed 0.932 with same maximum TBS as guard-band or standalone deployment. Table 3 shows the code rate of in-band deployment with 14<=ITBS<=18. As observed from Table 3, when ITBS <=17, the maximum code rate does not exceed 0.932. The maximum TBS is 3624 bits corresponding to ITBS=17. Thus, for in-band deployment, the maximum TBS with ISF=7 is 3624 bits is proposed.
Table 3 In-band deployment code rate table for DL with 14<=ITBS<=18 and 1T1R
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	0.648
	0.667
	0.667
	0.667
	0.667
	0.679
	0.667
	0.667

	15
	0.704
	0.722
	0.716
	0.722
	0.726
	0.704
	0.722
	0.726

	16
	0.815
	0.759
	0.765
	0.759
	0.756
	0.753
	0.759
	0.756

	17
	0.833
	0.833
	0.840
	0.833
	0.844
	0.840
	0.833
	0.844

	18
	0.926
	0.926
	0.914
	0.907
	0.933
	0.914
	0.907
	0.933


                     
Proposal 5: For in-band deployments, the maximum TBS to support 16-QAM in DL is 3624 bits.
3.2. TBS table for UL
For uplink, the following was achieved in last meeting:
	Agreement
Further study on TBS/MCS table design, resource assignment and TBS allocation to support 16QAM in UL based at least on the following:
· MCS field size
· Achievable code rates
· Avoidance of link-adaptation issues (i.e., large SINR differences between different entries within one TBS row or between different entries in adjacent TBS rows)
· Throughput/UE data rate increase while keeping the max TBS from Rel-16
· The break point between different modulation schemes
· Indication of modulation scheme for retransmissions
· Applicability of repetitions
· Applicability to different number of subcarrier


In Rel-16, the UL maximum TBS of 2536 bits is mapped to 10 RUs. In Rel-17 NB-IoT, 16-QAM for UL is to be supported without increase of maximum TBS. 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 can 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.s
Note that some TBS values are replaced by 2536 bits, which is the maximum TBS in Rel-16 as per the WID. 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, we cap the TBS at 2536 bits rather than 2600 bits.
The peak data rate for UL can be improved due to the maximum TBS being mapped to a smaller number of RUs. 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 be increased to (2536bits+2536bits)/24subframes = 211.3 kbps, assuming the timing relationship and scheduling delay for UL transmission are the same as that in Rel-16. 
[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 6: Adopt table 4 as the TBS design to support 16-QAM in UL.
Similarly as DL, as shown in table 5, the link-adaptation issues are avoided since the code rates achieved within one TBS row are close to each other, resulting in slight SINR differences. The higher SNR required for 16-QAM indicates high channel quality which limits the repetitions used for NB-IoT. Similarly as DL, applicability of repetitions should not be considered in 16-QAM in NPUSCH. Additionally, we assume that application of 16-QAM in UL can boost peak date rate not only for full-PRB allocations but also at least other multi-tone allocations with 3 or 6 allocated subcarriers. 
Table 5 Full-PRB code rate table for UL
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	0.139 
	0.097 
	0.093 
	0.097 
	0.100 
	0.102 
	0.101 
	0.097 

	1
	0.167 
	0.139 
	0.130 
	0.146 
	0.139 
	0.134 
	0.122 
	0.128 

	2
	0.194 
	0.167 
	0.194 
	0.174 
	0.161 
	0.162 
	0.153 
	0.156 

	3
	0.222 
	0.222 
	0.231 
	0.201 
	0.194 
	0.204 
	0.201 
	0.206 

	4
	0.278 
	0.250 
	0.269 
	0.243 
	0.244 
	0.250 
	0.250 
	0.244 

	5
	0.333 
	0.292 
	0.287 
	0.306 
	0.311 
	0.306 
	0.306 
	0.311 

	6
	0.389 
	0.347 
	0.324 
	0.361 
	0.367 
	0.361 
	0.361 
	0.356 

	7
	0.444 
	0.431 
	0.407 
	0.431 
	0.422 
	0.426 
	0.444 
	0.433 

	8
	0.500 
	0.486 
	0.481 
	0.486 
	0.489 
	0.481 
	0.486 
	0.489 

	9
	0.556 
	0.556 
	0.556 
	0.556 
	0.556 
	0.556 
	0.556 
	0.544 

	10
	0.583 
	0.611 
	0.611 
	0.611 
	0.622 
	0.593 
	0.611 
	0.611 

	11
	0.694 
	0.694 
	0.704 
	0.694 
	0.711 
	0.704 
	0.708 
	0.711 

	12
	0.806 
	0.806 
	0.815 
	0.889 
	0.800 
	0.796 
	0.792 
	0.800 

	13 
	0.861 
	0.889 
	0.889 
	0.917 
	0.889 
	0.907 
	0.889 
	0.889 

	14
	0.486 
	0.500 
	0.500 
	0.500 
	0.500 
	0.509 
	0.500 
	　

	15
	0.528 
	0.542 
	0.537 
	0.542 
	0.544 
	0.528 
	0.542 
	　

	16
	0.611 
	0.569 
	0.574 
	0.569 
	0.567 
	0.565 
	0.556 
	　

	17
	0.625 
	0.625 
	0.630 
	0.625 
	0.633 
	0.630 
	　
	　

	18
	0.694 
	0.694 
	0.685 
	0.681 
	0.700 
	0.685 
	　
	　

	19
	0.750 
	0.750 
	0.759 
	0.764 
	0.756 
	0.741 
	　
	　

	20
	0.806 
	0.806 
	0.815 
	0.819 
	0.822 
	　
	　
	　

	21
	0.889 
	0.889 
	0.870 
	0.875 
	0.889 
	　
	　
	　



Proposal 7: Repetition is not supported for 16-QAM in UL. 
Proposal 8: 16-QAM can be used for NPUSCH with at least multi-tone 3, 6 and 12 subcarriers.
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 9: 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 10: The introduction of 16-QAM shall avoid increasing DCI size.
5. DL power allocation
In RAN1#102-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
For DL power allocation, support signaling the ratio of NPDSCH EPRE to NRS EPRE. FFS signaling details, including how/whether to signal the ratio for the following cases
· 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 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. 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.
In order to support a similar DL power allocation scheme for 16QAM NB-IoT, the signaling of the ratio for all three cases should be supported, which can support more flexible power allocation for NB-IoT DL, boost the UE performance for the 16-QAM modulation and avoid additional UE processing similar to the benefits of LTE DL power allocation. 
Proposal 11: The ratio of NPDSCH EPRE to NRS EPRE should be signaled for the following cases:
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS
The signaling of the ratio for the three cases can be indicated by UE-specific/NB-IoT carrier specific RRC signaling.
For 16-QAM in NB-IoT, signaling the ratio of PDSCH EPRE to NRS EPRE can similarly follow the LTE principle. For guard-band or standalone deployment mode, a UE-specific parameter  is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS. A NB-IoT carrier specific parameter  is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS.
For in-band deployment mode, the UE-specific parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS and CRS. The NB-IoT carrier specific parameter is used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. Additionally, a NB-IoT carrier specific parameter is used to determine the ratio of PDSCH EPRE to CRS EPRE for OFDM symbols containing CRS.
6. 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: 5736 bits with ISF = 7 (i.e. option 3) is the maximum TBS to support 16-QAM for unicast in DL for standalone and guard-band deployments.
Proposal 2: ISF>7 for 16-QAM is not supported.
Proposal 3: Adopt table 1 as the TBS design to support 16-QAM in DL.
Proposal 4: Repetition is not supported for 16-QAM in DL.
Proposal 5: For in-band deployments, the maximum TBS to support 16-QAM in DL is 3624 bits.
Proposal 6: Adopt table 4 as the TBS design to support 16-QAM in UL.
Proposal 7: Repetition is not supported for 16-QAM in UL. 
Proposal 8: 16-QAM can be used for NPUSCH with at least multi-tone 3, 6 and 12 subcarriers.
Proposal 9: The introduction of 16-QAM shall not increase the NPDCCH blind decodes.
Proposal 10: The introduction of 16-QAM shall avoid increasing DCI size.
Proposal 11: The ratio of NPDSCH EPRE to NRS EPRE should be signaled for the following cases:
· 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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