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In the RAN#88 plenary meeting, an updated work item for Rel.17 eMTC/NBIoT was approved. The objective is to specify the following enhancements to 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] 

The following agreements on support 16QAM for NBIoT were achieved:

Agreement
At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is 4968 bits with ISF=7.
Agreement
For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).
Agreement
Different breaking points (QPSK16QAM) are used for standalone/guardband and inband deployments.
· FFS the details of the breaking point.
Agreement
Explicit or implicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported.
· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)
· NPDSCH in symbols with NRS
Agreement
For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:
· The support of 16QAM in DL is indicated by an optional UE capability signaling. 
· The support of 16QAM in UL is indicated by an optional UE capability signaling.
Agreement
For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:
· 16QAM for UL is configured by UE-specific RRC signaling.
· 16QAM for DL is configured by UE-specific RRC signaling.
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, 536]
	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


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.
· FFS for I_SF > 7
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
	
	
	



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 16QAM.
· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.
Agreement
Repetitions larger than 2 are not supported in case of 16QAM for downlink
· FFS: Whether repetition of 2 is supported or not
Agreement
16QAM can be used at least for multi-tone transmission with 12 subcarriers.
· FFS: 3 and 6 subcarriers.

In this contribution, detailed considerations of 16QAM support for NPDSCH and NPUSCH, especially new TBS table and related DL power allocation design are presented.

Discussion
16QAM for NPDSCH
In Rel.13 NBIoT, up to QPSK is supported for DL PDSCH. In order to increase the data rate, higher modulation of 16QAM is proposed in Rel.17 NBIoT scope. If 16QAM for NPDSCH is configured, the maximum TBS is increased to 4968 for standalone and guardband and 3624 for inband case. Consider the TBS table is used in legacy LTE and avoid possible issue with new entries. So we propose to confirm the work assumption with remove the bracket, and the following TBS indices are adopted for downlink.
	I_TBS
	I_SF

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	[552, 536]
	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


Proposal 1: Confirm the TBS table working assumption with reusing the legacy TBS entry in LTE TBS table.
The modulation order is indicated dynamically by DCI to fast adapt channel condition change. In Rel.13 NBIoT, only QPSK is supported Qm= 2, there is no mapping table for TBS and MCS, and ITBS=IMCS. To support 16QAM, different breaking points (QPSK16QAM) are used for standalone/guardband and inband deployments.  The following working assumption should be confirmed with removing the bracket. 
For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM, and for inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and 17 are used for 16QAM.
Proposal 2: Confirm the TBS breaking point work assumption with removing the bracket.
[bookmark: _GoBack]Consider the channel condition is good if 16QAM is adopted, it is agreed that Repetitions larger than 2 are not supported in case of 16QAM for downlink. For repetition number of 2, it is necessary to support transmission repetition feature even in 16QAM for performance improvement of symbol level combination.
Proposal 3: Repetition number of 2 is supported in case of 16QAM for downlink.
For the DCI optimization based on the existing agreement, the joint coding of MCS and repetition number field can be considered. For example, IMCS<14, QPSK is assumed, and ITBS = IMCS  as legacy, otherwise 16QAM is assumed, and the TBS is determined by 3 LSB of “Repetition number field” in DCI format N1 (MSB bit is used for indication of repetition number) for three operation modes.
Proposal 4: For the DCI optimization, the joint coding of MCS and repetition number field can be considered.
In NBIoT, two kinds of UE category are defined in TS36.306 in Rel.13~16, at least one new UE category is needed, the maximum TBS is 4968 and soft buffer size is increased from 6400 accordingly.
Table 3: 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
	680
	680
	2112

	Category NB2
	2536
	2536
	6400



DL power allocation
In Rel.13 NBIoT, the UE may assume NRS EPRE is constant across the downlink NB-IoT system bandwidth and constant across all subframes that contain NRS. A UE may assume the ratio of NPDSCH EPRE to NRS EPRE is 0 dB with one NRS antenna port and -3 dB with two NRS antenna ports. In order to support 16QAM for NPDSCH, the ratio of NPDSCH EPRE to NRS EPRE should be configured due to need of 16QAM demodulation by receiver side. LTE DL power allocation solution is the baseline for NBIoT design.
Beside the two types of OFDM symbols in LTE downlink power allocation, there are three types of OFDM symbol for NBIoT (inband case) as shown in Figure 1. 
· Type A OFDM: without NRS or CRS, symbol (1),2,4
· Type B OFDM: with NRS, symbol 5,6
· Type C OFDM: with CRS, symbol 0,(1),3
The ratio of PDSCH EPRE (E_A, E_B, E_C) to NRS EPRE (E_NRS) among PDSCH REs for each OFDM symbol is denoted by ρA [dBm],ρB[dBm] and ρC[dBm]separately, e.g., ρA =E_A/E_NRS, ρB=E_B/E_NRS, ρC =E_C/E_NRS. Network should semi-statically configure three types of NPDSCH EPRE separately.
For NBIoT DL power allocation, the design can follow LTE DL power allocation, the detail configuration is listed as:
· ρA =E_A/E_NRS and ρA  is determined by PA, and PA[dB]=10lg ρA, PA is configured by parameter p-a from {-6, -4.77, -3, -1.77, 0, 1, 2, 3}.
· ρB =E_B/E_NRS and ρB is determined by PB, PB is the NPDSCH EPRE power index, configure by parameter p-b from {0,1,2,3} as LTE power allocation design.
· ρC =E_C/E_NRS and ρC can be determined/derived by new higher layer parameter and/or  ρCRS,  and ρCRS is the power ratio of CRS EPRE (E_CRS) to NRS EPRE (E_NRS) configured by higher layer. 
[image: ]
Figure 1 NBIoT downlink power allocation illustration (inband case)
Proposal 5: Network should semi-statically configure three types of NPDSCH EPRE separately.
16QAM support for NPUSCH
Similar to 16QAM support for NPDSCH, the 16QAM for NPUSCH indicates high channel quality, which limits the repetitions used for NB-IoT. At least large number of repetitions should not be considered in 16-QAM in NPUSCH, e.g., up to 4 or 8 repetition for potential benefit of symbol level combination. Application of 16-QAM in UL can boost peak date rate not only for full-PRB allocations but also other multi-tone allocations with 3 or 6 allocated subcarriers. For the DCI optimization based on the existing agreement, the joint coding of MCS, Repetition number and Resource assignment field can be considered.
Proposal 6: At least large number of repetitions should not be considered in 16-QAM in NPUSCH.
Proposal 7: Muli-tone allocation with 3 or 6 subcarrier should be supported for 16QAM NPUSCH.
Proposal 8: For the DCI optimization based on the existing agreement, the joint coding of MCS, Repetition number and Resource assignment field can be considered.
Conclusions
In this contribution, considerations of 16QAM support for NPDSCH and NPUSCH are provided. The following proposals are given.
Proposal 1: Confirm the TBS table working assumption with reusing the legacy TBS entry in LTE TBS table.
Proposal 2: Confirm the TBS breaking point work assumption with removing the bracket.
Proposal 3: Repetition number of 2 is supported in case of 16QAM for downlink.
Proposal 4: For the DCI optimization, the joint coding of MCS and repetition number field can be considered.
Proposal 5: Network should semi-statically configure three types of NPDSCH EPRE separately.
Proposal 6: At least large number of repetitions should not be considered in 16-QAM in NPUSCH.
Proposal 7: Muli-tone allocation with 3 or 6 subcarrier should be supported for 16QAM NPUSCH.
Proposal 8: For the DCI optimization based on the existing agreement, the joint coding of MCS, Repetition number and Resource assignment field can be considered.
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