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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN #102 e-meeting, the following agreements were agreed for NB-IoT 16QAM [1]:
· For maximum DL TBS，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
· For DL 16QAM, 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
· For UL 16QAM, 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 subcarriers
· 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
In this contribution, we discuss these issues for DL and UL 16QAM for NB-IoT.
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DL 16QAM
Guard-band/Standalone
TBS table
Maximum TBS
Due to the introduction of 16QAM, larger DL TBS is supported in Rel-17 NB-IoT. In RAN1#102-e meeting, the following candidates are agreed for maximum DL TBS.
· Option 1: 4968 bits with ISF=7
· Option 2: 5072 bits with ISF=7
· Option 3: 5736 bits with ISF=7
Option 1 and 2 are calculated based on 2 times of  the maximum Rel-16 DL TBS (2536 bits), where 4968 is corresponding to TBS 21 from the current LTE TBS table and 5072 is a new TBS which equals to 2 times of 2536. Hence, the code rate of Option 1 and 2 is close to the maximum code rate of Rel-16. Option 3 is calculated based on the maximum decoding code rate allowed by LTE, i.e. 0.932. And the value of 5736 is TBS 23 from the current LTE TBS table. Then, the data rate and code rate of these three options are given in Table 1.
Table 1: DL data rate and code rate for guard-band/standalone
	Modulation order and Transport block size
	Data rate
(kbps)
	Code rate

	
	
	1 NRS port
	2 NRS ports

	Rel-16, QPSK, 2536
	126.8
	0.8
	0.8421

	16QAM, 4968
	248.4
	0.78
	0.8211

	16QAM, 5072
	253.6
	0.7963
	0.8381

	16QAM, 5736
	286.8
	0.9
	0.9474



From Table 1, it can be observed that the code rate of 5736 exceeds the upper limit of 0.932 when 2 NRS ports are configured in guard-band/standalone. So the UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.932. Whereas, 2 NRS ports, i.e. 2Tx antennas, should be supported to transmit the maximum transport block since the maximum TBS has higher requirement on channel state. Thus, the TBS of 5736 is not appropriate to define the maximum TBS for DL 16QAM.
Observation 1: For guard-band/standalone deployment, the TBS of 5736 bits cannot be applied for 2Tx antennas since the code rate of 5736 exceeds the upper limit of 0.932 when 2 NRS ports are configured.
For the TBS of 4968 bits and 5072 bits, we prefer to reuse 4968 bits defined already in LTE since it can meet the data rate requirement. It seems unnecessary to define a new TBS.
Proposal 1: 4968 bits with ISF=7 can be defined as the maximum TBS for DL 16QAM in guard-band/standalone deployment.
TBS table
In Rel-16 NB-IoT, DL TBS table contains TBS 0 to 13 which correspond to DL MCS 0 to 13 for guard-band and standalone, as shown in Table 16.4.1.5.1-1 of [2].
Table 16.4.1.5.1-1: Transport block size (TBS) table
	

	


	
	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 



Considering the introduction of larger TBS, TBS table for DL 16QAM can be expanded to 0~21 based on Table 16.4.1.5.1-1. In this TBS table, TBS 0~13 are the existing TBS 0~13 in Table 16.4.1.5.1-1 and extended TBS entries reuse TBS 14~21 in LTE TBS table, as shown in Table 2. 
Table 2: Extended TBS entries for DL 16QAM
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	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



Further, the mapping relationship between TBS and MCS can be determined in MCS table design.
Proposal 2: TBS table for DL 16QAM can be expanded to 0~21 based on Table 16.4.1.5.1-1 of [2].
· Reuse the existing TBS 0~13 in Table 16.4.1.5.1-1
· Reuse TBS 14~21 in LTE TBS table
MCS table
MCS field size
For NB-IoT DL 16QAM, new MCS table needs to be defined. Considering that larger TBSs are introduced for DL 16QAM, both 4-bit and 5-bit MCS table are feasible and need to be down-selected. 
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 the maximum DL TBS is TBS 21, the 4-bit MCS table would properly remove some TBSs from total 22 TBSs. Moreover, the switching between legacy MCS table and 16QAM MCS table may be involved because of channel changes. Due to a long period of higher layer configuration, higher 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. Compared with 5bit MCS table, 4bit MCS table does not increase the DCI size. So we prefer the 4bit MCS table for DL 16QAM in guard-band/standalone deployment.
Proposal 3: 4-bit MCS table could be defined for DL 16QAM in guard-band/standalone deployment.
4-bit MCS table
Since number of MCS entries is limited, the 4-bit MCS table cannot contain all DL TBSs. 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 deployment should be the main objective of the 16QAM MCS table, which requires the good channel conditions, e.g. low or no repetitions.  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 existing 6 MCS entries corresponding to TBS 1, 3, 5, 7, 9, and 11 are removed, and the existing 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, a possible 4-bit MCS table is proposed as shown in Table 3.
Table 3: Possible 4-bit MCS table for DL 16QAM
	MCS Index
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	Modulation Order
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	TBS Index
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	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



Proposal 4: 4-bit MCS table for DL 16QAM can be defined based on the MCS entries of Rel-16 NB-IoT.
· Remove the existing 6 MCS entries 
· Add new 8 MCS entries
Switching point between QPSK and 16QAM
For guard-band/standalone deployment, the number of PDSCH REs on a PRB in NB-IoT is more than that in LTE because only NRS occupies some REs in NB-IoT. Therefore, compared with LTE, the code rate in guard-band/ standalone is lower for a given TBS. So the existing switching points between QPSK and 16QAM in LTE may not be applicable for guard-band/standalone.
In AWGN channel, for a TBS, low-order modulation has better performance than high-order modulation. However, in a 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 because some deep fading data is more difficult to correct at very high code rate. Hence, the switching point of 16QAM and QPSK should be evaluated under the fading channel.
From Figure 1, it can be observed that the 16QAM performance is slightly better than QPSK performance at TBS=2024 with ISF=7, i.e. TBS 11 which is larger than LTE switching point. This is because the transmission bandwidth of NB-IoT is very small, i.e. only 1 PRB, the decoding of NPDSCH is not sensitive to frequency selective fading. And the time selective fading is also weak since the channel change in the time domain is slow. Hence QPSK with TBS 11 can be allowed in NB-IoT so that the 16QAM switching point of NB-IoT is higher than that of LTE. In addition, more PDSCH REs in guard-band/standalone reduce the code rate of a TBS to a certain extent, which is also one reason why the 16QAM switching point of NB-IoT is higher than that of LTE. Thus, modulation scheme can be switched to 16QAM at TBS11 for guard-band/standalone deployment. If TBS 11 is not included in the 4-bit MCS table, modulation scheme can be switched to 16QAM at TBS 12 (2280 bits with ISF=7).
[image: D:\代码\NB-IoT\16QAM\0924-2.png]
Figure 1 BLER performance of TBS 11 and 12 in standalone deployment
Observation 2: For NPDSCH in guard-band/standalone deployment, 16QAM performance is slightly better than QPSK performance at TBS= 2024 with ISF=7, i.e. TBS 11.
Proposal 5: TBS 11 or 12 could be adopted as DL 16QAM switching point for guard-band/standalone deployment.
Indication of modulation scheme for retransmissions
For indication of modulation scheme for retransmissions, it seems unnecessary to introduce additional MCS entries used for retransmission in MCS table. Indication of modulation scheme for retransmission is mainly used to flexibly allocate time-frequency resources for retransmission and improve spectrum utilization. But NB-IoT does not have this requirement. Also, eMTC does not set MCS entries for retransmission. Then, NPDSCH retransmissions can use the same modulation scheme as the initial transmission.
In-band
TBS table
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]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. Hence the maximum TBS in in-band is smaller than that in guard-band/standalone. For DL 16QAM, the maximum TBS of in-band can be determined according to 2 times of TBS=1736 which is the Rel-16 DL maximum TBS. Thus, based on LTE TBS table in 36.213, the TBS approaching to the requirement is 3240 and 3624. It can be observed that the code rate of TBS=3624 in in-band deployment is up to 0.9120 which is higher than the Rel-16 maximum code rate of 0.8800. So we propose to define TBS=3240 with ISF=7 as the maximum DL TBS for in-band deployment. And in-band uses the same DL TBS table as guard-band/standalone and the TBS configured for in-band is less than or equal to TBS16, i.e. 3240 bits with ISF=7.
Table 4: Code rate for in-band
	Modulation order and Transport block size
	1 legacy PDCCH symbols;
1 NRS port;
1 CRS port
	2 legacy PDCCH symbols;
2 NRS port;
2 CRS port
	3 legacy PDCCH symbols;
2 NRS port;
2 CRS port
	3 legacy PDCCH symbols;
2 NRS ports;
4 CRS ports

	Rel-16, QPSK, 1736
	0.6197
	0.7586
	0.8462
	0.8800

	16QAM, 3240
	0.5746
	0.7034 
	0.7846 
	0.8160

	16QAM, 3624
	0.6423 
	0.7862 
	0.8769 
	0.9120



Proposal 6: In-band uses the same DL TBS table as guard-band/standalone for DL 16QAM.
· TBS configured for in-band should be less than or equal to TBS16 i.e. 3240 bits with ISF=7.

MCS table
The range of TBS available for in-band is smaller than that for guard-band/standalone for DL 16QAM. One approach is to define a dedicated 4-bit MCS table for in-band deployment. Specifically, it can be considered to select 16 TBSs from TBS 0~16 to map to 4-bit MCS table.
Regarding 16QAM switching point, since the number of PDSCH REs on a PRB in in-band is less than that in guard-band/standalone, the modulation switching point of in-band should be smaller TB size. As shown in Figure 2, it can be observed that 16QAM performance is better than QPSK performance at TBS=1736 with ISF=7, i.e. TBS 10. Hence, it is feasible that modulation scheme is switched to 16QAM at TBS 10 for in-band deployment.
Observation 3: For NPDSCH in in-band deployment, 16QAM performance is better than QPSK performance at TBS=1736 with ISF=7, i.e. TBS 10.
Proposal 7: TBS 10, i.e. 1736 bits with ISF=7, could be adopted as DL 16QAM switching point for in-band deployment.
[image: D:\代码\NB-IoT\16QAM\0924-1.png]
Figure 2 BLER performance of TBS 9 and 10 in in-band deployment
Repetitions for DL 16QAM
When channel quality or SNR decreases, a 16QAM transport block may be configured with repetitions. However, the increase of the number of repetitions may cause DL transmission efficiency of 16QAM to be lower than that of QPSK. Therefore, in NB-IoT, it is necessary to confirm the maximum number of repetitions applicable to DL 16QAM. It is needed to investigate DL data rate under different number of repetitions and modulation schemes. According to Table 5, 16QAM with 2 repetitions can still provide a higher peak data rate compared to QPSK. But the efficiency of 16QAM gets worse after the number of repetitions increases to 4. Therefore, at least 2 repetitions should be supported for DL 16QAM.
Observation 4: For DL, 16QAM with 2 repetitions can still provide a higher peak data rate compared to QPSK. But 16QAM may show worse data rate after the number of repetitions increases to 4.
Proposal 8: At least 2 repetitions should be supported for DL 16QAM.
Table 5: DL peak data rate for 2 progresses
	Modulation order and Transport block size
	Number of repetitions
	Period of 2-progress transmission (ms)
	Data rate
(kbps)

	QPSK, 2536
	1
	40
	126.8

	16QAM, 4968
	1
	40
	248.4

	16QAM, 4968
	2
	60
	165.6

	16QAM, 4968
	4
	80
	124.2



UL 16QAM
Number of Subcarriers for 16QAM
For NPUSCH, resource unit can be configured with 1, 3, 6, 12 subcarriers in the frequency domain.
For the single-subcarrier allocation, since the number of REs in a RU is small, the existing range of TBS indexes is only 0 to 10 and TBS index 11, 12, 13 are not supported. Therefore, the NPUSCH with single-subcarrier allocation is mainly applied for lower data rate requirement. Moreover, single-subcarrier allocation is also used to achieve lower PAPR using pi/2 BPSK. Therefore, 16QAM is not appropriate for single-subcarrier allocation.
For multi-subcarrier allocation, the number of REs in a RU is fixed, i.e. 168 REs, regardless of how many subcarriers are configured for RU. Due to sufficient number of REs, the multi-subcarrier allocation can support larger TBS to fulfill higher data rate requirements. Thus, 16QAM can be supported for multi-subcarrier allocation to improve UL data rate.
Proposal 9: UL 16QAM should be supported for 3/6/12 subcarriers allocation.
TBS table
For UL 16QAM, the maximum TBS is limited to 2536 bits which is the same as Rel-16 maximum TBS. However, because the modulation order of 16QAM is 2 times of that of QPSK, for a given TBS, the number of RUs used to load this transport block can be reduced by half when 16QAM is configured. As a result, UL peak data rate is increased. 



Then, under the maximum TBS restriction, UL TBS table for 16QAM can be extended to up to 2536 bits for each IRU based on the Rel-16 NB-IoT TBS table. A proposed UL TBS table for 16QAM are shown in Table 6. And in Table 6, TBS 0~13 are from Rel-16 NB-IoT UL TBS table and TBS 14~21 are from LTE TBS table. For =4 and =6, since 2472 is close to 2536, the maximum TBS is replaced by 2536. For =5, a maximum TBS of 2536 is added. 
Proposal 10: For UL 16QAM, TBS table can be extended to up to 2536 bits for each IRU.



Table 6: TBS table for UL 16QAM
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	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
	696

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	328
	176
	256
	392
	504
	600
	808
	1032

	7
	104
	224
	328
	472
	584
	712
	968
	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
	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
	1000
	1256
	1544
	2024
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	24722536
	

	16
	328
	632
	968
	1288
	1608
	1928
	
	

	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
	24722536
	
	
	



MCS table
Because UL TBS range is extended to 0~21, the new UL MCS table needs to be defined for NB-IoT 16QAM. It is proposed to use the 5-bit MCS table. The 5-bit MCS table has sufficient MCS entries to cover all TBSs and match channel state. Hence MCS 0~13 can correspond to TBS 0~13 with QPSK modulation, which is the same as Rel-16 NB-IoT MCS. And MCS 14~24 can correspond to TBS 11~21 with 16QAM modulation. The detail of MCS are given in Table 7. The advantage of this approach is that the new MCS table is compatible with all legacy MCS. For Rel-17 UE with 16QAM capability, this MCS table can be used regardless of whether 16QAM is enabled. When 16QAM is not enabled, the default MCS range used for NPUSCH is 0~13. Thus, the legacy MCS table is no longer required.
Proposal 11: 5-bit MCS table could be used for UL 16QAM.
· MCS 0~13 correspond to TBS 0~13 with QPSK modulation
· MCS 14~24 correspond to TBS 11~21 with 16QAM modulation
Table 7: Possible 5-bit MCS table for UL 16QAM
	MCS Index
[image: ]
	Modulation Order
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	TBS Index
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	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
	11

	15
	4
	12

	16
	4
	13

	17
	4
	14

	18
	4
	15

	19
	4
	16

	20
	4
	17

	21
	4
	18

	22
	4
	19

	23
	4
	20

	24
	4
	21

	25~31
	reserved
	reserved






[bookmark: _GoBack]In aspect of UL 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 modulation and coding scheme field, an extra bit is required. It can be observed that subcarrier indication field is 6 bits in DCI used for NUPSCH scheduling. For NPUSCH transmission with subcarrier spacing, subcarrier indication field  is reserved. Therefore, the most significant bit of the subcarrier indication field can be used for uplink MCS indication. When UL 16QAM is enabled, the most significant bit of subcarrier indication field is used as the highest bit of the 5-bit MCS indication in the DCI scheduling NUPSCH. Additionally, for NPUSCH transmission with subcarrier spacing , 16QAM is not supported since subcarrier spacing  is only configured with single-subcarrier allocation.
Proposal 12: The most significant bit of the subcarrier indication field can be used for UL 5-bit MCS indication.
DL Power allocation
In RAN1#102-e meeting, it was agreed to support signaling the ratio of NPDSCH EPRE to NRS EPRE for DL power allocation. And the following three cases needs to be studied:
· Symbol A：NPDSCH in symbols without NRS and CRS
· Symbol B：NPDSCH in symbols with CRS ( only for “In-band” deployment)
· Symbol C：NPDSCH in symbols with NRS
We recommend using a simplified method to indicate the power ratio of these three cases to achieve UE-specific DL power allocation. Specifically,
1) NRS EPRE PNRS is configured by the existing cell-specific higher layer parameter nrs-Power (and nrs-PowerOffsetNonAnchor)
2) Define a new UE-specific higher layer parameter Pn to indicate the ratio of NPDSCH EPRE and NRS EPRE for symbol C. Thus, for symbol C, NPDSCH EPRE PNPUSCH_SymC and average EPRE PTotal_SymC of entire Symbol C can be determined.


Wherein,  is the number of NUPSCH REs in Symbol C and  is the number of NRS REs in Symbol C.
3) Assuming that Symbol A, B and C have the same total transmit power, NPDSCH EPRE PNPUSCH_SymA in Symbol A can be determined. 

4) For In-band, the ratio between NRS EPRE and CRS EPRE is indicated by the existing higher layer parameter nrs-CRS-PowerOffset OCRS in SIB1. So CRS EPRE PCRS can be determined. Further, NPDSCH EPRE PNPUSCH_SymB in Symbol B can be determined since Symbol A, B and C have the same total transmit power.


Wherein,  is the number of NUPSCH REs in Symbol B and  is the number of CRS REs in Symbol B.
Note that in the existing specifications, the ratio of NRS EPRE to CRS EPRE is indicated by nrs-CRS-PowerOffset only when higher layer parameter operationModeInfo (MIB) indicates ‘00’ or samePCI-Indicator indicates ‘samePCI’. In Rel-17 DL power allocation, it is proposed that the ratio of NRS EPRE to CRS EPRE is indicated in in-band for both same PCI and different PCI. 
Based on the above method, only a new higher layer parameter Pn which indicates the ratio of NPDSCH EPRE and NRS EPRE in symbols with NRS needs to be introduced to achieve UE-specific DL power allocation. This effectively suppresses complexity increase.
Proposal 13: The same total transmit power is set for each OFDM symbol for Rel-17 DL power allocation.
Proposal 14: Only a new higher layer parameter Pn which indicates the ratio of NPDSCH EPRE and NRS EPRE in symbols with NRS needs to be introduced for Rel-17 DL power allocation.
Others
Channel quality reporting
In existing NB-IoT, downlink data is transmitted by 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 15: For Rel-17 channel quality report, the CQI table needs to be discussed in RAN1.
For the measurement reference resource, in the frequency domain, the UE only needs to measure the PRB occupied by PDSCH transmission to obtain the channel quality. In the time domain, whether to use multiple subframes to measure channel quality can be based on UE implementation. Therefore, the measurement reference resource may not be defined in the Rel-17 CQI report.
UE buffer size
DL 16QAM introduces 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 8.
Table 8: 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 16: Soft buffer size needs to be specified based on maximum TBS for DL 16QAM.
Moreover, 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. 
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 guard-band/standalone deployment, the TBS of 5736 bits cannot be applied for 2Tx antennas since the code rate of 5736 exceeds the upper limit of 0.932 when 2 NRS ports are configured.
Observation 2: For NPDSCH in guard-band/standalone deployment, 16QAM performance is slightly better than QPSK performance at TBS= 2024 with ISF=7, i.e. TBS 11.
Observation 3: For NPDSCH in in-band deployment, 16QAM performance is better than QPSK performance at TBS=1736 with ISF=7, i.e. TBS 10.
Observation 4: For DL, 16QAM with 2 repetitions can still provide a higher peak data rate compared to QPSK. But 16QAM may show worse data rate after the number of repetitions increases to 4.
Proposal 1: 4968 bits with ISF=7 can be defined as the maximum TBS for DL 16QAM in guard-band/standalone deployment.
Proposal 2: TBS table for DL 16QAM can be expanded to 0~21 based on Table 16.4.1.5.1-1 of [2].
· Reuse the existing TBS 0~13 in Table 16.4.1.5.1-1
· Reuse TBS 14~21 in LTE TBS table
Proposal 3: 4-bit MCS table could be defined for DL 16QAM in guard-band/standalone deployment.
Proposal 4: 4-bit MCS table for DL 16QAM can be defined based on the MCS entries of Rel-16 NB-IoT.
· Remove the existing 6 MCS entries 
· Add new 8 MCS entries
Proposal 5: TBS 11 or 12 could be adopted as DL 16QAM switching point for guard-band/standalone deployment.
Proposal 6: In-band uses the same DL TBS table as guard-band/standalone for DL 16QAM.
· TBS configured for in-band should be less than or equal to TBS16 i.e. 3240 bits with ISF=7.
Proposal 7: TBS 10, i.e. 1736 bits with ISF=7, could be adopted as DL 16QAM switching point for in-band deployment.
Proposal 8: At least 2 repetitions should be supported for DL 16QAM.
Proposal 9: UL 16QAM should be supported for 3/6/12 subcarriers allocation.
Proposal 10: For UL 16QAM, TBS table can be extended to up to 2536 bits for each IRU.
Proposal 11: 5-bit MCS table could be used for UL 16QAM.
· MCS 0~13 correspond to TBS 0~13 with QPSK modulation
· MCS 14~24 correspond to TBS 11~21 with 16QAM modulation
Proposal 12: The most significant bit of the subcarrier indication field can be used for UL 5-bit MCS indication.
Proposal 13: The same total transmit power is set for each OFDM symbol for Rel-17 DL power allocation.
Proposal 14: Only a new higher layer parameter Pn which indicates the ratio of NPDSCH EPRE and NRS EPRE in symbols with NRS needs to be introduced for Rel-17 DL power allocation.
Proposal 15: For Rel-17 channel quality report, the CQI table needs to be discussed in RAN1.
Proposal 16: Soft buffer size needs to be specified based on maximum TBS for DL 16QAM.
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