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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]In RAN1#104b e-meeting, DL and UL 16QAM for NB-IoT was further discussed. The relevant agreements and working assumptions are summarized as below [1]:
· The following TBS indices are introduced for downlink with modification in RED:
	

	


	
	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
	328296
	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



· 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 both uplink and downlink
· 16-QAM is not applied to C-RNTI from CSS.
· 16-QAM is not applied to EDT.
· Working Assumption: The DCI size is not increased to support 16-QAM in uplink and downlink.
· The following options on the indication of downlink 16-QAM can be considered:
· Option 1: MCS field is increased to 5 bits to indicate modulation and TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· Option 2: MCS field is 4 bits to indicate TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· 1 bit is used to indicate legacy QPSK or 16QAM
· Option 3: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
· Option 4: MCS is 4 bits, 
· If repetition is indicated as one, 16QAM and QPSK can be indicated by MCS field;
· If repetition is indicated larger than one, the legacy QPSK MCS can be indicated by MCS field.
· Option 5: {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
· Note: other options are not precluded.
· For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Option 1: Two power ratios are signaled
· NPDSCH EPRE to NRS EPRE in symbols with NRS
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· Option 2: the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS is signaled, assuming the same transmit power of different symbols.
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, assuming the same transmit power of different symbols.
· If the signaling(s) is(are) not indicated, the legacy power allocation is used.
· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
· For inband deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments.
· FFS to reuse the existing parameter nrs-CRS-PowerOffset.
· FFS: Whether UE specific or cell-specific or carrier-specific signaling is used
· If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.
In this contribution, we discuss the remaining issues on 16QAM for NB-IoT.
2. [bookmark: OLE_LINK95][bookmark: OLE_LINK13][bookmark: OLE_LINK37][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK50][bookmark: OLE_LINK38][bookmark: OLE_LINK94][bookmark: OLE_LINK14]Discussion
MCS indication
In aspect of MCS indication, some options were considered to support 16QAM in last meeting. Since 16QAM is configured in high SNR scenarios and repetitions are not supported for 16QAM in both downlink and uplink, large number of repetitions will not be applied for NPDSCH or NPUSCH even if the channel condition deteriorates. So we recommend using Option 1. When DL 16QAM is configured by higher layer parameter, MCS field is increased to 5 bits to indicate modulation and TBS and repetition field is reduced to 3 bits to indicate the repetition number for QPSK modulation in DCI format N0/N1. Alternatively, it can be considered to reuse the MCS indication method in eMTC 64QAM, i.e. Option 4. In this case, 4-bit MCS tables need to be designed for downlink and uplink.
Observation 1: Large number of repetitions will not be applied for NPDSCH or NPUSCH since 16QAM is enabled in high SNR scenarios.
Proposal 1: MCS field is increased to 5 bits to indicate modulation and TBS and repetition field is reduced to 3 bits to indicate the repetition number of QPSK modulation in DCI format N0/N1.
DL power allocation
Regarding DL power allocation, the difference between Option 1 and Option 2 is mainly on whether the transmit power of different OFDM symbols are same or not. In LTE/eMTC, the transmit power can be adjusted between CRS OFDM symbol and non-CRS OFDM symbol via two DL power parameters  and . However, the same total transmit power is usually configured for different OFDM symbols in practice since different transmit power between OFDM symbols may cause phase diversion. Also, Rel-16 NB-IoT uses the same transmit power on different OFDM symbols when a given NRS power is configured. Additionally, two configurable power ratios have higher complexity requirement than one power ratio for UE-specific downlink power allocation. Therefore, we propose to adopt the same total transmit power for each OFDM symbol for Rel-17 NB-IoT DL power allocation. For Option 2 and 3, the two methods are essentially the same, but the OFDM symbols signaled are different. And we prefer Option 2. 
Observation 2: One configurable power ratio has lower complexity than two power ratios for UE-specific downlink power allocation.
Proposal 2: The same transmit power of different OFDM symbols is assumed for DL power allocation (Option 2).
For in-band deployment, an additional power ratio needs to be indicated to UE due to the presence of CRS. In the existing specifications, the ratio of NRS EPRE and CRS EPRE is given by higher layer parameter nrs-CRS-PowerOffset in SIB1 only when same PCI is configured. To achieve the DL power allocation for in-band, nrs-CRS-PowerOffset should also be used to indicate the ratio of NRS EPRE to CRS EPRE in for different PCI in Rel-17.
[bookmark: OLE_LINK5]Proposal 3: For in-band deployment, the ratio of NRS EPRE to CRS EPRE can be given by nrs-CRS-PowerOffset for both same PCI and different PCI.
DL power allocation is mainly used to support 16QAM for NB-IoT. DL 16QAM is an optional UE capability and is configured by UE-specific RRC signaling. Hence, DL power allocation should be supported for 16QAM capability UEs in NB-IoT. And it can be enabled by a dedicated UE-specific RRC signaling. DL power allocation may not be enabled if 16QAM is not configured by higher layer. Furthermore, the signaling of the power ratio of NPDSCH EPRE to NRS EPRE should be UE-specific since eNB configures DL transmit power separately for different UEs with different channel conditions. And the power ratio of NRS EPRE to CRS EPRE is cell-specific and is transmitted in SIB1 for in-band deployment. 
Application of 16QAM
Preconfigured uplink transmission is applied in idle mode. For NPDSCH, eNB cannot decide whether it is appropriate to enable 16QAM via higher layer since no CSI is reported in idle mode. Moreover, 16QAM is usually configured for NPDSCH with the related UE-specific DL power allocation. This also add the complexity and specification impact for PUR. For NPUSCH, eNB cannot measure the channel state in time because UE may not transmit UL information for a long time. This is unfavorable for eNB to configure 16QAM for NPUSCH. Therefore, we propose that 16QAM is not supported for UL and DL transmission in PUR procedure.
Proposal 4: 16QAM is not supported for UL and DL transmission in PUR procedure.
The objectives of multi-TB scheduling and 16QAM are both to improve UL and DL data rate for NB-IoT. In DCI format N0/N1, MCS field and repetition number field are independent of DCI indication related to multi-TB scheduling. Therefore 16QAM can be supported in multi-TB scheduling without specification impact.
Proposal 5: 16QAM can be supported for UL and DL transmission in multi-TB scheduling.
Others
CQI
In existing NB-IoT, downlink data is transmitted by using QPSK modulation. The modulation mode is single and the TBS range is limited, so channel quality report for NPDSCH is not adopted in specifications. Whereas, when 16QAM is introduced in NB-IoT, more modulation and coding schemes can be selected and used for NPDSCH. The channel quality report with respect to spectral efficiency is beneficial to improve NPDSCH performance. It has been agreed that the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER. Thus, RAN1 may need to design a CQI table which consists of CQI indexes corresponding to modulation orders and code rates or MCS. For the CQI table, a small number of CQI states cannot adequately match the variety of channel conditions. Therefore, the CQI table should contain QPSK and 16QAM modulation schemes covering from low spectral efficiency to high spectral efficiency to meet different channel state requirements.
Observation 3: For CQI table, covering QPSK and 16QAM modulation schemes and from low to high spectral efficiency is beneficial to improve NPDSCH performance.
Moreover, if the CQI entries are designed based on the existing channel quality report table of PDCCH repetitions, only the states with respect to CQI can be used in this table when CQI report is triggered. This will result in an overhead waste of report field. Therefore, a dedicated 4-bit CQI table should be defined for PDSCH for 16QAM. Considering that the number of PDCCH repetitions and CQI report do not need to be performed at the same time, the existing MAC CE used for PDCCH repetitions feedback can be re-purposed to report 4-bit CQI for NPDSCH if the UE receives a PDSCH CQI command. The eNB can confirm whether the channel quality report is the number of PDCCH repetitions or PDSCH CQI via the trigger command. The details of CQI reporting method should be determined by RAN2. 
Observation 4: The existing MAC CE used for PDCCH repetitions feedback can be re-purposed to report 4-bit CQI for NPDSCH if the UE receives a CQI command. And the eNB can confirm whether the channel quality report is the number of PDCCH repetitions or PDSCH CQI via the trigger command.
Proposal 6: A dedicated 4-bit CQI table should be defined for DL 16QAM.
For the measurement reference resource, in the frequency domain, the UE can only measure CQI based on one PRB where UE monitors NPDCCH and the associated NPDSCH. In the time domain, whether to use a single subframe or multiple subframes to measure CQI can be based on UE implementation. In addition, RAN1 has not defined measurement reference resource for channel quality report in Rel-14/16 NB-IoT. Thus, the measurement reference resource does not need to be specified for Rel-17 CQI report.
Proposal 7: There is no need to specify measurement reference resource for CQI report for NB-IoT 16QAM.
UL power control
[bookmark: OLE_LINK7][bookmark: _GoBack]In last meeting, it was considered to introduce an additional UL power control parameter (similar to  in LTE) to support 16QAM. According to the current LTE specifications, the value of  is associated with the number of CQI/PMI bits, the size of each code block, the number of bearer REs, etc. Also, this value changes depending on the spectral efficiency for UL-SCH transport block when the parameter deltaMCS-Enabled is configured. Whereas, in NB-IoT, CQI and PMI report are not supported in physical layer and no code block segmentation is required since the maximum UL TBS is 2536 bits. Then, the UL power control parameter which determines the transmit power based on the spectral efficiency of UL TB has not been adopted in the current NB-IoT. Therefore, it is not necessary to add such a complicated uplink power control mechanism for NPUSCH in Rel-17. The current uplink power control can be reused to support 16QAM via basic transmit power adjustment for NB-IoT. Moreover, the enhancement on UL power control is not involved in the scope of WI. If an additional power control parameter is adopted, we propose to define this parameter as a power offset for 16QAM. And the value of power offset can explicitly be indicated by a UE-specific RRC signaling. This value of power offset is applied if 16QAM MCS is scheduled for PUSCH and 0 otherwise.
Observation 5: The existing uplink power control can support 16QAM via basic transmit power adjustment for NB-IoT.
Proposal 8: If an additional power control parameter is adopted, we propose to define this parameter as a power offset for 16QAM. 
3. Conclusion
In this contribution, we have discussed the remaining issues on 16QAM for NB-IoT. And the following observations and proposals are given:
Observation 1: Large number of repetitions will not be applied for NPDSCH or NPUSCH since 16QAM is enabled in high SNR scenarios.
Observation 2: One configurable power ratio has lower complexity than two power ratios for UE-specific downlink power allocation.
Observation 3: For CQI table, covering QPSK and 16QAM modulation schemes and from low to high spectral efficiency is beneficial to improve NPDSCH performance.
Observation 4: The existing MAC CE used for PDCCH repetitions feedback can be re-purposed to report 4-bit CQI for NPDSCH if the UE receives a CQI command. And the eNB can confirm whether the channel quality report is the number of PDCCH repetitions or PDSCH CQI via the trigger command.
Observation 5: The existing uplink power control can support 16QAM via basic transmit power adjustment for NB-IoT.
Proposal 1: MCS field is increased to 5 bits to indicate modulation and TBS and repetition field is reduced to 3 bits to indicate the repetition number of QPSK modulation in DCI format N0/N1.
Proposal 2: The same transmit power of different OFDM symbols is assumed for DL power allocation (Option 2).
Proposal 3: For in-band deployment, the ratio of NRS EPRE to CRS EPRE can be given by nrs-CRS-PowerOffset for both same PCI and different PCI.
Proposal 4: 16QAM is not supported for UL and DL transmission in PUR procedure.
Proposal 5: 16QAM can be supported for UL and DL transmission in multi-TB scheduling.
Proposal 6: A dedicated 4-bit CQI table should be defined for DL 16QAM.
Proposal 7: There is no need to specify measurement reference resource for CQI report for NB-IoT 16QAM.
Proposal 8: If an additional power control parameter is adopted, we propose to define this parameter as a power offset for 16QAM. 
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