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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN #88 e-meeting, the revised WID on additional enhancements for NB-IoT and LTE-MTC was agreed [1]. The following objective was agreed for 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 initially discuss the issues related to 16QAM for NB-IoT.
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DL 16QAM
According to the objectives of WI, NB-IoT DL 16QAM needs to support the following three aspects: 
· Larger TBS
· DL power allocation
· Channel quality reporting (MAC)
Thus, we provide some consideration on these three issues.
Max TBS
In Rel-16 NB-IoT, the maximum DL TBS is 2536 (TBS 13) and the DL peak data rate is 126.8 kbps. In Rel-17, it is considered to support 2x Rel-16 DL peak data rate by increasing modulation order from QPSK to 16QAM. That is, the maximum TBS of DL 16QAM is about 2 times of 2536. Thus, based on the existing TBS table in 36.213 [2], the TBSs approaching to the requirement are 4968 (TBS 21) and 5352 (TBS 22). Table 1 shows the data rate and code rate for different modulation and TBS in guar-band/standalone. It can be observed that:
· The data rate of 4968 is less than 2x 2536 and the code rate is lower than the Rel-16 maximum code rate.
· The data rate of 5352 is larger than 2x 2536 and the code rate is higher than the Rel-16 maximum code rate.
Table 1 DL data rate and code rate for guar-band/standalone
	Modulation order and Transport block size
	Data rate
(kbps)
	Code rate

	
	
	1 NRS port
	2 NRS ports

	QPSK, 2536
	126.8
	0.8
	0.8421

	16QAM, 4968
	248.4
	0.78
	0.8211

	16QAM, 5352
	267.6
	0.84
	0.8842



[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Thus, the possible TBSs which are increased in NB-IoT DL 16QAM are given in Table 2.
Table 2 Possible DL TBSs introduced by 16QAM
	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


In addition, the number of data resources in in-band is less than that in guard-band/standalone since extra resources are occupied by legacy PDCCH and CRS in in-band. So the smaller TBS is used for in-band. The maximum TBS of in-band can be determined based on the existing in-band maximum code rate.
Proposal 1: 4968 and 5352 can be the candidates of maximum TBS for DL 16QAM in NB-IoT.
DL MCS table
Due to the introduction of 16QAM and larger TBS, new DL MCS table needs to be defined in NB-IoT. Considering that DL 16QAM may support up to TBS 21 or 22, both 4-bit and 5-bit MCS table are feasible. 
The 4-bit MCS table does not increase the overhead of MCS indication, so the existing MCS indication field in DCI can be used. But if TBS 21 or 22 is supported, the 4-bit MCS table would properly remove some TBSs from total 22 or 23 TBSs. Moreover, the switch between legacy MCS table and 16QAM MCS table may be involved because of channel changes. Due to a long period of higher layer configuration, high layer parameter cannot switch MCS tables in time when the channel quality changes significantly. Therefore, if 4-bit MCS table is adopted, it may be beneficial to dynamically switch MCS table by implicit method. 
The 5-bit MCS table can cover all TBSs and has more uniform SNR gap between MCS entries. But it require more DCI overhead for MCS indication. If 5-bit MCS table is adopted, the definition of MCS indication field in DCI needs to be studied to not increase the DCI size as much as possible.
Therefore, 4-bit and 5-bit MCS tables need to be down-selected and the appropriate MCS entries are defined in the table. Additionally, the MCS table design for DL 16QAM should be considered to support the different maximum TBS for in-band and guard-band/standalone deployment.
Proposal 2: New MCS table should be defined for DL 16QAM.
· Alt 1: 4-bit MCS table
· Alt 2: 5-bit MCS table
DL power allocation
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In LTE/eMTC, downlink power allocation is performed depending on the  and , where  represents the ratio of PDSCH EPRE and CRS EPRE on CRS OFDM symbols and  represents the ratio of PDSCH EPRE and CRS EPRE on non-CRS OFDM symbols. Through  and , the power ratio between data REs and CRS REs can be adjusted to achieve CRS or data power boosting. The values of  and  are determined based on UE-specific higher layer parameters.
Unlike LTE, NB-IoT uses a fixed ratio of NPDSCH EPRE and NRS EPRE in Rel-16, as shown in following specifications. 
A UE may assume the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports.
The power of NRS is configured by higher layer parameter, so the power of data and NRS can be increased or decreased simultaneously. However, the power of NRS is cell-specific. Based on the current DL power allocation, QPSK and 16QAM modulation can only use the same transmit power under a given NRS power configuration. Thus, in Rel-17 NB-IoT, UE-specific DL power allocation between NPDSCH and NRS can be enhanced to handle different modulation modes. But the complexity cannot be ignored. The following two options can be considered:
· Option 1: Reuse LTE DL power allocation
· Option 2: Simplified method based on LTE DL power allocation
Proposal 3: UE-specific DL power allocation between NPDSCH and NRS can be supported to handle different modulation modes.
Channel quality reporting
In existing NB-IoT, downlink data is transmitted using QPSK modulation. The modulation mode is single and the TBS range is limited, so CQI report is not adopted in specifications. Whereas, when 16QAM is introduced in NB-IoT, there will be more configurable modulation and coding schemes for NPDSCH. The channel quality report with respect to CQI is beneficial to improve DL data rate. From the objective of WI of NB-IoT 16QAM, the information bits of channel quality report are transmitted on MAC layer like Rel-14/16 NPDCCH repetition report. Then, in RAN1 aspect, the relevant CQI table and measurement reference resource may be specified.
Proposal 4: For channel quality report, the CQI table and measurement reference resource need to be discussed in RAN1.
UL 16QAM
According to the objectives of WI, NB-IoT UL 16QAM has the following two features:
· Support 16QAM
· The maximum TBS is the same as Rel-16
Based on these two features, we provide some consideration on UL 16QAM.
Support of UL 16QAM
NPUSCH involves two transmission types, i.e. single-tone and multi-tone, which have different application requirements. For these two transmission types, the support of 16QAM should respectively be considered.
· Single-tone
· Lower data rate requirement: The existing TBS range is 0 to 10 and TBS 11, 12, 13 are not supported.
· Lowest possible PAPR and simple PA structure
· Multi-tone
· Data rate requirement: The existing TBS range is 0 to 13. For larger TBS, such as TBS13, 16QAM instead of QPSK can reduce code rate and improve decoding performance.
· Normal PAPR requirements
Therefore, UL 16QAM should be supported only for multi-tone transmission.
Proposal 5: UL 16QAM is supported only for multi-tone transmission.
UL MCS table
The objective of WI indicates that UL TBS range is still 0 to 13 for NB-IoT 16QAM, which is the same as Rel-16 TBS range. So 4-bit MCS table is more appropriate for UL 16QAM. In eMTC, PUSCH uses 4-bit MCS table with TBS 0~14 and up to 16QAM, as shown in Table 8.6.1-2 of [2]. The number of NB-IoT PUSCH REs that can be used to carry data is equal to the number of eMTC PUSCH REs, i.e. only DMRS resource occupation other than PUSCH REs. Hence, it can be a MCS table candidate for NB-IoT 16QAM to reuse MCS 0~14 in eMTC MCS table. One potential issue of this approach is that one remaining MCS entry (MCS 15) is not used. Thus, other schemes with respect to 4-bit MCS table are not precluded for NB-IoT UL 16QAM.
Proposal 6: 4-bit MCS table should be baseline for UL 16QAM.
Table 8.6.1-2: Modulation and TBS index table for PUSCH
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14


Others
Considering UE complexity, UL and DL 16QAM can be optional capabilities for Rel-17 NB-IoT UEs. For UEs with 16QAM capability, 16QAM MCS table can be configured by UE-specific higher layer parameter. 
DL 16QAM introduce larger TBS, so the new UE buffer size needs to be defined. In Rel-16 NB-IoT, the downlink physical layer parameter values of UE category are shown in Table 4.1C-1 of [3].
Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1（R13）
	680
	680
	2112

	Category NB2 （R14）
	2536
	2536
	6400



Then, for Rel-17 UE Category NB2, the three parameters in Table 4.1C-1 are specified based on the maximum TBS for 16QAM. For example, if the maximum TBS is 5352, the values of the parameters are specified in Table 3.
Table 3 Potential Downlink physical layer parameter values for Rel-17 UE Category NB2
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB2 （R17）
	5352
	5352
	12800


Proposal 7: Soft buffer size needs to be specified based on maximum TBS for DL 16QAM.
3. Conclusion
In this contribution, we have discussed the issues related to DL 16QAM and UL 16QAM for NB-IoT. And the following proposals are given:
Proposal 1: 4968 and 5352 can be the candidates of maximum TBS for DL 16QAM in NB-IoT.
Proposal 2: New MCS table should be defined for DL 16QAM.
· Alt 1: 4-bit MCS table
· Alt 2: 5-bit MCS table
Proposal 3: UE-specific DL power allocation between NPDSCH and NRS can be supported to handle different modulation modes.
Proposal 4: For channel quality report, the CQI table and measurement reference resource need to be discussed in RAN1.
Proposal 5: UL 16QAM is supported only for multi-tone transmission.	
Proposal 6: 4-bit MCS table should be baseline for UL 16QAM.
Proposal 7: Soft buffer size needs to be specified based on maximum TBS for DL 16QAM.
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