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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 for downlink
In RAN1#104-e, the working assumption about TBS indices for DL was still discussed, as copied below. 
	Working Assumption 
The previous working assumption on the following TBS indices for downlink is updated with following modifications:
	I_TBS
	I_SF

	
	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, 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






We prefer to specify the DL TBS table for 16-QAM based on the existing Table 7.1.7.2.1-1 in 36.213 without modification (328 bits for Isf = 0 and ITBS = 16; 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. 
Therefore, we propose to confirm Table 1 as the TBS table for DL 16-QAM.
Table 1 TBS table for DL 16-QAM
	

	


	
	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



Proposal 1: Confirm the following working assumption 
The following TBS indices are introduced for downlink
	

	


	
	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


2.2. Break points for downlink
In RAN1#103-e, the working assumption on the break points between QPSK and 16-QAM 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 16-QAM..



The performance between QPSK and 16-QAM in downlink is simulated with simulation assumptions listed in Table A.1, for standalone/guardband deployments.
For DL 1T1R standalone or guard-band deployment, it can be observed in Figure 2 below that for ITBS = 14 and TBS = 1416 bits the performance of QPSK is better than 16-QAM with a SNR gap of about 1.1 dB, assuming BLER 10%. For ITBS = 15 and TBS = 1544 bits, the performance of 16-QAM 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 16-QAM DL.
For DL 2T1R standalone or guard-band deployment, it can be observed in Figure 3 below that for ITBS = 14 and TBS = 1416 bits the performance of QPSK is better than 16-QAM with about 0.4 dB SNR gap assuming BLER 10%. For ITBS = 15 and TBS = 1544 bits, 16-QAM should be used since QPSK is not applicable. Therefore, for 2T1R, we can observe that ITBS = 15 ~ 21 should be used for 16-QAM DL.
Table 2 code rate for standalone/guard-band with 1T1R
	ITBS
	ISF = 4
	CR_QPSK
	CR_16-QAM

	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_16-QAM

	13
	1256
	0.84
	0.42

	14
	1416
	0.95
	0.47

	15
	1544
	Not applicable
	0.52



[image: ]
Figure 2. NPDSCH BLER of QPSK vs. 16-QAM with Isf = 4, ITBS=14, 15, 1T1R, AWGN channel for standalone/guard-band deployments
[image: ]
Figure 3. NPDSCH BLER of QPSK vs. 16-QAM 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 16-QAM DL. Then the TBS entries for QPSK are the same as legacy Rel-16.
The evaluation result under fading channels, i.e., TU 1Hz, is also provided, as shown in Figure 4 below. It can be observed that for ITBS = 13 and TBS = 2536 bits the performance of QPSK is better than 16-QAM with about 1dB SNR gap assuming BLER 10%. For ITBS = 14 and TBS = 2856 bits, the performance of 16-QAM is better than QPSK with about 1dB SNR gap assuming BLER 10%. 
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Figure 4. NPDSCH BLER of QPSK vs. 16-QAM with Isf = 7, ITBS=14, 2T1R, TU 1Hz for standalone/guard-band deployments
Based on the evaluation results and analysis, we have the following proposal.
Proposal 2: Confirm the following 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 16-QAM.

3. DCI design
As mentioned above, the TBS table for DL and UL will 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. However, increased DCI size may degrade the performance of NPDCCH decoding, so it is proposed to avoid increasing the DCI size by reinterpretation of unused fields or spare states. In RAN1#104-e, it was agreed to not use repetition for 16-QAM as copied below, therefore, the repetition field is reserved for 16-QAM and it can be considered that the repetition field in DCI can be reused for the indication of 16-QAM.
	Agreement
Repetition is not used for 16-QAM in uplink.
Agreement
Repetition of 2 is NOT supported for 16-QAM in downlink.



Proposal 3: 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, it may not be able to use 16-QAM. Then, it is necessary to allow eNB to fallback to legacy Rel-16 scheduling. To sustain the performance in such scenarios, it is beneficial to be able to schedule any Rel-16 QPSK TBS and repetition numbers for this UE to guarantee the performance. Thus, the DCI design for 16-QAM should support such a fallback to provide flexibilities for eNB scheduling. 
Proposal 4: Considering variations of channel quality, the flexibility of scheduling Rel-16 QPSK TBS and repetition numbers should be supported if 16-QAM is enabled.
Based on the above analysis, if the repetition field is used for the indication of 16-QAM and channel condition becomes worse, the legacy Rel-16 QPSK repetition numbers that can be scheduled would be reduced, which may lead to performance loss. Thus, the reserved states in DCI may need to be considered for the indication of 16-QAM. 

4. PUR and EDT
Whether 16-QAM is applied to C-RNTI from CSS for UL and DL is still an open issue. Furthermore, the applicability of 16-QAM for UL and DL PUR and UL EDT should be also be further studied. The agreement reached is copied below:
	Agreement
DL 16-QAM is applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR.
Agreement
UL 16-QAM is applicable for NPUSCH scheduled from a DCI with CRC scrambled by C-RNTI.
· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.
· FFS: Applicability of 16-QAM for PUR or EDT.



For both PUR and EDT transmission, the applicability of 16-QAM can improve the data rate and thus improve the power saving. In EDT, UE transmits Msg3 with additional data packet to eNB. If the UE expects to utilize 16-QAM for Msg3 including UL data, it requires the eNB to schedule 16-QAM for Msg3 transmission by Msg2. However, how eNB knows whether this UE has this capability and whether current channel condition is suitable for 16-QAM is a problem. Therefore, eNB may indentify the UE 16-QAM capability in Msg1 and only schedule the UEs supporting 16-QAM capability with 16-QAM in Msg2. Consequently, it may require further PRACH partitioning for 16-QAM and QPSK. The further PRACH partitioning for EDT may lead to the problem of changing SIB1 size and improving complexity of signaling. Moreover, further partitioning also introduces resource/capacity limitation. Therefore, we prefer to not support 16-QAM for EDT.
Proposal 5: 16-QAM is not supported for EDT.
In PUR, the UL resource is preconfigured in connected mode. In connected mode, UE can inform gNB the support of 16-QAM. Thus, gNB can configure 16-QAM resource for UE and the UE can use 16-QAM for its PUR data transmission. Furthermore, DCI format N0 scrambled by PUR-RNTI can trigger the UE to adjust to use 16-QAM in PUR retransmission and next PUR transmission. And for PUR with 16-QAM, the problem of PRACH partitioning as in EDT can be avoided. Therefore, we have the following proposal.
Proposal 6: 16-QAM is supported for PUR.
Furthermore, considering the intention of 16-QAM is to achieve higher peak data rate, the application of 16-QAM in multi-TB scheduling can be supported.
Proposal 7: 16-QAM is supported for multi-TB scheduling.

5. DL power allocation
In RAN1#104-e, it has been agreed that the NPDSCH EPRE in symbols with NRS can be different or same with the NPDSCH EPRE in symbols without CRS and NRS.
	Agreement
The NPDSCH EPRE in symbols with NRS can be different and can be the same with the NPDSCH EPRE in symbols without CRS and NRS.
· FFS on signaling details
· FFS for the handling on whether the PCI is different or the same



[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  can be used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols not containing NRS. A parameter  can be used to determine the ratio of PDSCH EPRE to NRS EPRE for OFDM symbols containing NRS. 
For guard-band or standalone deployment mode, if the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without NRS, only  or  is signaled explicitly for DL power allocation with the benefit of signaling overhead reduction, otherwise both are required to be signaled explicitly.
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. 
If the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without CRS and NRS, for in-band deployment mode, or and  is required to be signaled explicitly for DL power allocation. However, for further signaling reduction, whether  is the same with or  needs to be further discussed, considering power boosting for NPDSCH EPRE in symbols with CRS. Therefore, we have the following proposal.
Proposal 8: The NPDSCH EPRE in symbols with CRS can be different and can be the same with the NPDSCH EPRE in symbols with NRS and the NPDSCH EPRE in symbols without NRS and CRS.
Then, if NPDSCH EPRE for symbols with CRS is the same with that of symbols with NRS and that of symbols without NRS and CRS, only or or  is required to be signaled explicitly. If all the three cases power ratios are different, and and  should be signaled explicitly.
Proposal 9: 
For standalone/guard-band deployment, if the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without NRS, the NPDSCH EPRE w/o NRS and NRS EPRE are the same. 
For in-band deployment, if the NPDSCH EPRE in symbols with NRS is same with the NPDSCH EPRE in symbols without CRS and NRS, the NPDSCH EPRE with NRS, NPDSCH EPRE without NRS and CRS, and NRS EPRE are the same. FFS power ratio of NPDSCH EPRE with CRS and NPDSCH EPRE w/o NRS.

6. Channel quality reporting to support 16-QAM in DL
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.
· [bookmark: OLE_LINK11]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]
· [bookmark: OLE_LINK527][bookmark: OLE_LINK528]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] 
[bookmark: OLE_LINK12]In Rel-14, NB-IoT supports Msg3-based channel quality reporting on anchor carriers, which reports the minimum NPDCCH repetition level satisfying the block error rate of 1%. In Rel-16, for further enhancement of channel quality reporting in other cases, Msg3-based channel quality reporting on non-anchor carriers and in connected mode have been introduced, both of which are NPDCCH repetition level reporting. With such enhancements, it is more efficient for the DL scheduling of Msg4 initial and re-transmissions, and the subsequent transmissions in connected mode.
[bookmark: OLE_LINK175][bookmark: OLE_LINK26]Observation 1: In current NB-IoT, the channel quality reporting in Msg3 and connected mode are reports of NPDCCH repetition level.
[bookmark: OLE_LINK74]In Rel-17, 16-QAM will be introduced to improve the peak data rate. The target SNR for 16-QAM is higher than QPSK, thus it is more suitable to be used in good coverage cases. According to current NB-IoT channel quality reporting, even if a UE is in good coverage or SINR, the UE can only report the minimum NPDCCH repetition number as the channel quality to eNB. In RAN1#104-e, it has been agreed that repetition is not supported in the applicability of 16-QAM. Without finer channel quality information, the eNB could not schedule the appropriate modulation and TBS to ensure that the 16-QAM-capable UE can achieve better downlink performance under different channel conditions. Thus, the granularity of channel quality reporting based on NPDCCH repetition is unuseful for the UE that can be scheduled with 16-QAM. Then in this case, the channel quality reporting in terms of metric of NPDSCH is required when NPDCCH repetition is 1 for 16-QAM.
[bookmark: OLE_LINK9][bookmark: OLE_LINK156]Observation 2: For UE scheduled with 16-QAM, the NPDCCH repetition-level based channel quality reporting does not convey sufficient channel quality information. 
[bookmark: OLE_LINK75]Proposal 10: For 16-QAM, the channel quality report is the NPDSCH MCS, when NPDCCH repetition number is 1. FFS the set of NPDSCH MCS for channel quality reporting.
The repetition level channel quality reporting has been supported in both Msg3 for idle mode and MAC CE for connected mode. In order to support the finer channel quality reporting, two possible solutions can be:
· Alt 1: Introduce additional bits in Msg3 and MAC CE for the finer reporting.
· Alt 2: Re-purpose the channel quality reporting field in Msg3 and MAC CE for finer reporting.
When the UE expects to be scheduled with 16-QAM, it can essure the NPDCCH repetition level is equal to 1 and the channel quality reporting field in Msg3 can be  reinterpreted to report the NPDSCH MCS. Therefore, Alt 2 is preferred, and the details can be FFS.
Proposal 11: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support CQI reporting for 16-QAM.

7. Conclusion
In this contribution, our views on support of 16-QAM for unicast in UL and DL in NB-IoT are provided. The following proposals are made.
Observation 1: In current NB-IoT, the channel quality reporting in Msg3 and connected mode are reports of NPDCCH repetition level.
Observation 2: For UE scheduled with 16-QAM, the NPDCCH repetition-level based channel quality reporting does not convey sufficient channel quality information. 
Proposal 1: Confirm the following 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
	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


Proposal 2: Confirm the following 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 16-QAM.
Proposal 3: The introduction of 16-QAM should avoid increase of DCI size.
Proposal 4: Considering variations of channel quality, the flexibility of scheduling Rel-16 QPSK TBS and repetition numbers should be supported if 16-QAM is enabled.
Proposal 5: 16-QAM is not supported for EDT.
Proposal 6: 16-QAM is supported for PUR.
Proposal 7: 16-QAM is supported for multi-TB scheduling.
Proposal 8: The NPDSCH EPRE in symbols with CRS can be different and can be the same with the NPDSCH EPRE in symbols with NRS and the NPDSCH EPRE in symbols without NRS and CRS.
Proposal 9: 
For standalone/guard-band deployment, if the NPDSCH EPRE in symbols with NRS is the same with the NPDSCH EPRE in symbols without NRS, the NPDSCH EPRE w/o NRS and NRS EPRE are the same. 
For in-band deployment, if the NPDSCH EPRE in symbols with NRS is same with the NPDSCH EPRE in symbols without CRS and NRS, the NPDSCH EPRE with NRS, NPDSCH EPRE without NRS and CRS, and NRS EPRE are the same. FFS power ratio of NPDSCH EPRE with CRS and NPDSCH EPRE w/o NRS.
Proposal 10: For 16-QAM, the channel quality report is the NPDSCH MCS, when NPDCCH repetition number is 1. FFS the set of NPDSCH MCS for channel quality reporting.
Proposal 11: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support CQI reporting for 16-QAM.
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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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