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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4]In RAN1#104 e-meeting, DL and UL 16QAM for NB-IoT was further discussed. The relevant agreements and working assumptions are summarized as below [1]:
· 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.
· Repetition is not used for 16-QAM in uplink.
· 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.
· The soft buffer size for Cat. NB2 UEs supporting 16QAM for downlink is 12800 bits.
· I_SF>7 is not supported in Rel-17.
· Confirm the following working assumption:
· The following TBS indices are introduced for uplink
	I_TBS
	I_RU

	
	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 following working assumption is confirmed with following modifications:
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.
· Repetition of 2 is NOT supported for 16-QAM in downlink.
· On the breaking point between QPSK and 16QAM for NPUSCH, the UL TBS entries only between 14 and 21 are used for 16QAM if 16QAM is configured.
· 16-QAM can be used for 3 and 6 subcarriers NPUSCH format 1
· 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
· The previous working assumption on the following TBS indices for downlink is updated with following modifications:
	

	


	
	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



In this contribution, we discuss the remaining issues on 16QAM for NB-IoT.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK50][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK37][bookmark: OLE_LINK14][bookmark: OLE_LINK38]DL 16QAM
TBS
According to the working assumption of DL TBS, two TBS entries of {I_TBS=16, I_SF=0} and {I_TBS=21, I_SF=4} need to be determined. For the entry of {I_TBS=16, I_SF=0}, the modification of the transport block size has no significant performance impact for NPDSCH configured with under link adaptation. So we prefer to reuse the existing TBS of 328 bits. 
From the objective of WI, the support of DL 16QAM is to increase the maximum TBS to approximately 2x the Rel-16 maximum. The TBS of 4968 bits in I_SF=7 is used to achieve this purpose. For the entry of {I_TBS=21, I_SF=4}, the introduction of 2536 bits is not necessary since it cannot increase DL maximum TBS and peak data rate. Hence the existing TBS of 2472 bits can be reused. 
Proposal 1: Confirm the working assumption for DL TBS table for NB-IoT 16QAM.
· 328 bits for {I_TBS=16, I_SF=0}
· 2472 bits for { I_TBS=21, I_SF=4}
DL breaking point
In LTE, the modulation order is switch to 16QAM at TBS 9 (1544 bits for 10 PRBs) which has the code rate of round 0.6 for QPSK modulation. And TBS 9 is overlapped in two adjacent MCS entries with QPSK and 16QAM. This is because frequency selectivity is considered for the design of switching point. In fading channel, the performance of a MCS with lower modulation order and higher code rate may be worse than that of a MCS with higher modulation order and lower code rate since some deep fading data is more difficult to decode at very high code rate. From RAN1 #51 meeting report, it can be observed that the switching point of QPSK->16QAM and 16QAM->64QM is based on frequency selectivity. Moreover, the same assumption is also applied for the definition of the switching point for 64QAM->256QAM and 256QAM->1024QAM. The modulation switching point for NB-IoT should follow LTE design principle.
In the working assumption [2], the switching point is set to TBS 14 (2856 bits for I_SF=7) only based on AWGN simulation results for NB-IoT. Since the real propagation is mainly frequency selective, the AWGN results cannot reflect the real channel condition. Figure 1 and 2 show the BLER performance of NPDSCH in fading channel for standalone deployment. It can be observed that: 
Observation 1: For NPDSCH with 1T1R antenna, 16QAM performance is about 1.8 dB better than QPSK performance at BLER =0.1 for standalone deployment when TBS 12 (2280 bits with ISF=7) is used. And the performance gap further expands when TBS 13 is used.
Observation 2: For NPDSCH with 2T1R antenna, 16QAM performance is about 0.6 dB better than QPSK performance at BLER =0.1 for standalone deployment when TBS 13 (2536 bits with ISF=7) is used.
As a result, if TBS 14 is adopted for switching point, a performance loss will be expected for NPDSCH. Considering that 5-bit MCS table has sufficient states, overlapped TBS 12 and 13 could be set for MCS entries with QPSK and 16QAM to match different configurations and scenarios.
Proposal 2: On DL breaking point, 16QAM can be used for TBS indexes from 12 to 21 for standalone and guard-band deployment.
[image: 0303_1][image: 0311_2]
(a) Ideal channel estimation                            (b) Real channel estimation
Figure 1 BLER performance for NPDSCH with 1T1R in standalone deployment
[image: 0303_2][image: 0311_1]
(b) Ideal channel estimation                            (b) Real channel estimation
Figure 2 BLER performance for NPDSCH with 2T1R in standalone deployment
MCS table and DCI indication
For DL 16QAM, 4-bit and 5-bit MCS tables needs to be down-selected. And the corresponding MCS indication in DCI should be specified. 
4-bit MCS
In guard-band/standalone deployment, the 4-bit MCS table cannot contain all DL TBSs due to limited states. So it is required to select 16 TBSs to map into the MCS table. Considering that 16QAM is mainly used to increase the data rate, high SNR region and larger TBS assignment should be the main objective of the 16QAM MCS table. Thus, for higher MCS entries, the continuous and larger TBS indexes can be set in order to ensure the data transmission efficiency under high SNR. And for lower MCS entries, the interval and smaller TBS indexes can be set to guarantee transmission reliability when the channel or SNR deteriorates.
Specifically, based on the MCS entries of Rel-16 NB-IoT, the 6 MCS entries corresponding to TBS 1, 3, 5, 7, 9 and 11 are removed, and the 8 MCS entries corresponding to TBS 0, 2, 4, 6, 8, 10, 12 and 13 are retained. Meanwhile, new 8 MCS entries corresponding to TBS 14~21 are added in MCS table. Thus, the details of MCS table are given in Table 1.
Table 1: 4-bit MCS table for DL 16QAM for guard-band/standalone deployment
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	0
	2
	0

	1
	2
	2

	2
	2
	4

	3
	2
	6

	4
	2
	8

	5
	2
	10

	6
	4
	12

	7
	4
	13

	8
	4
	14

	9
	4
	15

	10
	4
	16

	11
	4
	17

	12
	4
	18

	13
	4
	19

	14
	4
	20

	15
	4
	21


For in-band deployment, the range of available TBS is smaller than that for guard-band/standalone deployment. A dedicated 4-bit MCS table can be introduced to support DL 16QAM for in-band deployment. Specifically, 16 TBS indexes can be selected from TBS 0~17 to map to 4-bit MCS table.
Due to a long period of higher layer configuration, a fallback from 16QAM MCS table to legacy QPSK MCS table cannot be performed in time when the channel quality degrade significantly. In this case, NPDSCH performance will be impacted since the available TBS indexes are not continuous at low SNR region. Therefore, for 4-bit MCS table, it may be beneficial to dynamically switch MCS table by implicit indication. It can be considered to utilize 1 bit of ‘Repetition number’ field in DCI to indicate the switch of MCS tables when 16QAM is configured by higher layer.
Proposal 3: If 4-bit MCS table is adopted for DL 16QAM, it can be considered to
· Remove the existing 6 MCS entries and add new 8 MCS entries for guard-band and standalone deployments.
· Utilize 1 bit of ‘Repetition number’ in DCI to dynamically indicate the fallback from 16QAM MCS table to legacy QPSK MCS table
5-bit MCS
For guard-band and standalone deployment, 5-bit MCS table has sufficient entries to cover all TBSs of 0~21 and match diverse channel states. In this table, TBS 0~13 with QPSK can be mapped to MCS 0~13, which is the same as Rel-16 NB-IoT MCS. And TBS 12~21 with 16QAM can be mapped to MCS 14~23. The overlapped TBS indexes of 12 and 13 for MCS entries with QPSK and 16QAM are beneficial for MCS assignment in different scenarios. Moreover, the new MCS table is compatible with all legacy MCS. When 16QAM is not enabled, the default MCS range used for NPDSCH is 0~13 for guard-band/standalone deployment. The details of MCS table are given in Table 2.
Table 2: 5-bit MCS table for DL 16QAM for guard-band/standalone deployment
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	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
	2
	11

	12
	2
	12

	13
	2
	13

	14
	4
	12

	15
	4
	13

	16
	4
	14

	17
	4
	15

	18
	4
	16

	19
	4
	17

	20
	4
	18

	21
	4
	19

	22
	4
	20

	23
	4
	21

	24~31
	reserved
	reserved


For in-band deployment, the range of DL TBS indexes is 0 to 17 and the TBS indexes between 11 and 17 are used for 16QAM. Thus, a 5-bit MCS table can be given as below.
Table 3: 5-bit MCS table for DL 16QAM for in-band deployment
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	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
	11

	12
	4
	12

	13
	4
	13

	14
	4
	14

	15
	4
	15

	16
	4
	16

	17
	4
	17

	18~31
	reserved
	reserved


In aspect of DL MCS indication, the existing ‘modulation and coding scheme’ field is 4 bits in downlink control information. In order to achieve 5-bit MCS indication, besides the existing 4-bit field, an extra bit is required. It can be considered to utilize ‘repetition number’ field to assist in MCS indication. In the existing DCI format N1, the size of ‘repetition number’ field is 4 bits, as shown in Table 4. When DL 16QAM is configured by higher layer parameter, the most significant bit of ‘repetition number’ field can be repurposed to indicate MCS. Thus, the bitwidth of MCS indication is extended from 4 bits to 5 bits. Meanwhile, the remaining 3 bits of ‘repetition number’ field are still used to indicate the number of repetitions for NPDSCH with QPSK modulation to cope with channel degradation. And the number of repetitions is less than or equal to 128.
Proposal 4: If 5-bit MCS table is adopted for DL 16QAM, 
· Overlapped TBS 12 and 13 could be set for MCS entries with QPSK and 16QAM. 
· The most significant bit of ‘repetition number’ field can be repurposed to indicate MCS. 

Table 4: Number of repetitions () for NPDSCH
	

	
 

	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128

	8
	192

	9
	256

	10
	384

	11
	512

	12
	768

	13
	1024

	14
	1536

	15
	2048



Others
Based on the MCS design, it is easy to know some QPSK TBS entries still need to be reused when the 16-QAM feature is enabled. However, the extremely high coding rate without the redundancy versions in downlink would cause a severe degradation in performance for some QPSK entries, which was mentioned in [3].
For NB-IoT UE with 16QAM, keeping the occupied resources unchanged, double RU number can be considered to improve the performance for some QPSK entries with the repetition number reduced half. More specifically, for the large TBS of QPSK, e.g., 2536 or 1544 bits with ISF=7, increasing the RU number while keeping the total resources unchanged improve performance more than 2.4 dB. For other TBS entries of QPSK, there is still a performance improvement observed. 
Additionally, considering the soft buffer size for NB-IoT UE is doubled according to the agreement in RAN1 104-emeeting and double RU number would not cause the soft buffer size issue. It is appropriate to propose that for NB-IoT UE with 16QAM, double RU number should be considered to improve the performance for some QPSK entries with the repetition number reduced half.
Proposal 5: For NB-IoT UE with 16QAM, double RU number should be considered to improve the performance for some QPSK entries with the repetition number reduced half.
UL 16QAM
For UL 16QAM, the TBS range is extended to 0~21 and the TBS entries between 14 and 21 are used for 16QAM. Thus, the following 5-bit MCS table is proposed.
Table 5: 5-bit MCS table for UL 16QAM
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	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
	2
	11

	12
	2
	12

	13
	2
	13

	14
	4
	14

	15
	4
	15

	16
	4
	16

	17
	4
	17

	18
	4
	18

	19
	4
	19

	20
	4
	20

	21
	4
	21

	22~31
	reserved
	reserved





In aspect of UL MCS indication, the existing ‘modulation and coding scheme’ field is 4 bits in DCI format N0. In order to achieve 5-bit MCS indication, besides this 4-bit field, an extra bit is required. It can be observed that ‘subcarrier indication’ field is 6 bits in DCI used for NPUSCH scheduling. For NPUSCH transmission with subcarrier spacing, the values of  are reserved in subcarrier indication field. Therefore, the most significant bit of the subcarrier indication field can be used for uplink MCS indication. When UL 16QAM is configured by higher layer, the most significant bit of subcarrier indication field is used as the highest bit of the 5-bit MCS indication in the DCI. For NPUSCH transmission with subcarrier spacing , 16QAM is not supported since subcarrier spacing  is only configured with single-subcarrier allocation.
Proposal 6: For UL 16QAM, the most significant bit of ‘subcarrier indication’ field can be used for 5-bit MCS indication.
DL Power allocation
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 , eNB can adjust transmit power between different OFDM symbols. However, in practice, the same total transmit power is usually configured for different OFDM symbols since different transmit power between OFDM symbols may cause phase diversion. 
Observation 3: In practice, different transmit power configured between OFDM symbols may cause phase diversion.
Also, Rel-16 NB-IoT uses the same transmit power between different OFDM symbols when a given NRS power is configured, 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.
Observation 4: The transmit power between different OFDM symbols is constant in R16 NB-IoT when a given NRS power is configured.
Therefore, we recommend defining the same total transmit power for each OFDM symbol to reduce complexity for Rel-17 NB-IoT. Thus, 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. If NRS or NPDSCH power boost is configured, the NPDSCH EPRE in symbols with NRS can be different with the NPDSCH EPRE in symbols without CRS and NRS. Otherwise, both NPDSCH EPREs are the same.
Proposal 7: The same total transmit power is set for each OFDM symbol for Rel-17 NB-IoT DL power allocation.
To achieve UE-specific DL power allocation, a new UE-specific higher layer parameter Pn can be introduced to indicate the ratio of NPDSCH EPRE and NRS EPRE for symbols with NRS. Then, the NPDSCH EPRE of each OFDM symbols can be implicitly determined as follows.
· For symbols with NRS, the NPDSCH EPRE can be determined based on Pn and NRS EPRE that is configured by the existing cell-specific higher layer parameter. Furthermore, the total transmit power of symbol with NRS can be determined.
· For symbols without NRS and CRS, the NPDSCH EPRE can be determined because all the symbols have the same total transmit power.
· For symbols with CRS, the ratio of NRS EPRE and CRS EPRE is given by the existing higher layer parameter nrs-CRS-PowerOffset in SIB1. According to CRS EPRE, the NPDSCH EPRE in symbols with CRS is determined. Wherein, the ratio of NRS EPRE to CRS EPRE is indicated by nrs-CRS-PowerOffset only when same PCI is configured in the existing specifications. For Rel-17 NB-IoT DL power allocation, it can be considered to indicate the ratio of NRS EPRE to CRS EPRE in in-band deployment for both same PCI and different PCI.
Proposal 8: A new UE-specific higher layer parameter is introduced to indicate the ratio of NPDSCH EPRE and NRS EPRE in symbols with NRS.
Proposal 9: For in-band deployment, the ratio of NRS EPRE to CRS EPRE is indicated for both same PCI and different PCI.
Application of 16QAM
In Rel-17, 16QAM is supported for UL and DL unicast for NB-IoT. The unicast NPDSCH or NPUSCH scheduled by DCI with C-RNTI from CSS is mainly used for features fallback to ensure transmission reliability. Hence it may not be suitable to support 16QAM for NPDSCH and NPUSCH associated with C-RNTI from CSS.
Proposal 10:16QAM could not be supported for NPDSCH and NPUSCH associated with C-RNTI from CSS.
[bookmark: OLE_LINK5]Preconfigured uplink transmission is applied in idle mode. For NPDSCH, gNB 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, gNB cannot measure the channel state in time because UE may not transmit UL information for a long time. This is unfavorable for gNB to configure 16QAM for NPUSCH. Therefore, we propose that 16QAM are not supported for UL and DL transmission in PUR.
Proposal 11: 16QAM are not supported for UL and DL transmission in PUR procedure.
The purpose of introducing 16QAM for NB-IoT is to increase the data rate. But EDT scenario has no higher requirement on data rate since the maximum transport block size is restricted to 1000 bits. Also, 16QAM leads to additional NPUSCH blind decoding. On the other hand, UL EDT is used instead of Msg3, so the UE capability with respect to 16QAM needs to be identified during Msg1 transmission if 16QAM is supported for EDT. This will result in larger performance impact and specification work. Hence 16QAM is not suitable for EDT in NB-IoT.
Proposal 12: 16QAM is not supported in EDT for NB-IoT.
3. Conclusion
In this contribution, we have discussed the issues related to DL and UL 16QAM for NB-IoT. And the following observations and proposals are given:
Observation 1: For NPDSCH with 1T1R antenna, 16QAM performance is about 1.8 dB better than QPSK performance at BLER =0.1 for standalone deployment when TBS 12 (2280 bits with ISF=7) is used. And the performance gap further expands when TBS 13 is used.
Observation 2: For NPDSCH with 2T1R antenna, 16QAM performance is about 0.6 dB better than QPSK performance at BLER =0.1 for standalone deployment when TBS 13 (2536 bits with ISF=7) is used.
Observation 3: In practice, different transmit power configured between OFDM symbols may cause phase diversion.
Observation 4: The transmit power between different OFDM symbols is constant in R16 NB-IoT when a given NRS power is configured.
Proposal 1: Confirm the working assumption for DL TBS table for NB-IoT 16QAM.
· 328 bits for {I_TBS=16, I_SF=0}
· 2472 bits for { I_TBS=21, I_SF=4}
Proposal 2: On DL breaking point, 16QAM can be used for TBS indexes from 12 to 21 for standalone and guard-band deployment.
Proposal 3: If 4-bit MCS table is adopted for DL 16QAM, it can be considered to
· Remove the existing 6 MCS entries and add new 8 MCS entries for guard-band and standalone deployments.
· Utilize 1 bit of ‘Repetition number’ in DCI to dynamically indicate the fallback from 16QAM MCS table to legacy QPSK MCS table
Proposal 4: If 5-bit MCS table is adopted for DL 16QAM, 
· Overlapped TBS 12 and 13 could be set for MCS entries with QPSK and 16QAM. 
· The most significant bit of ‘repetition number’ field can be repurposed to indicate MCS. 
Proposal 5: For NB-IoT UE with 16QAM, double RU number should be considered to improve the performance for some QPSK entries with the repetition number reduced half.
Proposal 6: For UL 16QAM, the most significant bit of ‘subcarrier indication’ field can be used for 5-bit MCS indication.
Proposal 7: The same total transmit power is set for each OFDM symbol for Rel-17 NB-IoT DL power allocation.
Proposal 8: A new UE-specific higher layer parameter is introduced to indicate the ratio of NPDSCH EPRE and NRS EPRE in symbols with NRS.
Proposal 9: For in-band deployment, the ratio of NRS EPRE to CRS EPRE is indicated for both same PCI and different PCI.
Proposal 10:16QAM could not be supported for NPDSCH and NPUSCH associated with C-RNTI from CSS.
Proposal 11: 16QAM are not supported for UL and DL transmission in PUR procedure.
Proposal 12: 16QAM is not supported in EDT for NB-IoT.
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