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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for IoT enhancements [1], one objective is to specify 16-QAM support for NB-IoT as described below –
· 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. 
· [bookmark: _Hlk30097793]Extend the NB-IoT channel quality reporting based on the framework of Rel-14-16, to support 16-QAM in DL. 
In RAN1#105-e, the following agreements were made –
Agreement
· Support 16-QAM for multi-TB scheduling.

Working Assumption
Support 16-QAM for NPUSCH in PUR procedure.
· FFS on support of 16-QAM for NPDSCH in PUR procedure.

Agreement 
Confirm the working assumption.
· The DCI size is not increased to support 16-QAM in uplink and downlink.

Agreement 
For the indication of 16-QAM in downlink:
· The “Modulation and coding scheme” field in DCI Format N1 is utilized as in legacy for scheduling QPSK.
· One reserved state in the “Modulation and coding scheme” field in DCI Format N1 is utilized to indicate the use of 16QAM.
· The “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL when the reserved state in MCS field is indicated.
· FFS: The manner of distinguishing the different ranges of TBS indices for “Stand-alone/Guard-band” (i.e., I_TBS indices from 14 to 21) and “In-band” (i.e., I_TBS indices from 11 to 17) deployments.

Working Assumption
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· The same transmit power is assumed across different symbols.
· If the signalling is 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
· UE specific signalling is used

Agreement
· Introduce a new term in uplink power control of NPUSCH using 16-QAM. FFS on the details.

Agreement
· When configured with downlink 16-QAM, the channel quality can be reported in MAC CE.
· FFS on support in Msg3 in connected mode

Agreement
On the indication of downlink 16-QAM, when the reserved state in MCS field is indicated, the “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices
· From 14 to 21 for standalone/guardband deployments,
· From 11 to 17 for inband deployment. 
· FFS: How UE distinguishes the deployment

Working Assumption
For the indication of 16-QAM in uplink
· The “Modulation and coding scheme” field in DCI Format N0 is utilized as in legacy for scheduling QPSK.
· One reserved state in the “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the use of 16QAM.
· The “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices (i.e., I_TBS indices from 14 to 21) for 16-QAM in UL.

Agreement
For CQI table for downlink 16-QAM, down-select between following options in RAN1#106-e:
· Option 1: More than three candidate values for 16-QAM are added in the legacy table.
· FFS: Which of the legacy entries are removed
· Option 2: Three candidate values for 16-QAM are added in the legacy table.
· Option 3: A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point

Agreement
For downlink power allocation to support 16QAM:
· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. Down-select from the following options in RAN1#106-e: 
· Alt 1:
· The existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case.
· The same transmit power of different symbols is assumed as to derive from nrs-CRS-PowerOffset the NPDSCH EPRE in symbols with CRS.
· Alt 2: 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signaled
· FFS: NPDSCH EPRE to NRS EPRE in symbols with NRS
· FFS: Whether UE specific or cell-specific or carrier-specific signalling is used.
In this contribution, we discuss remaining issues for 16-QAM support in unicast for DL and UL of NB-IoT.
DCI Design
In RAN1#105-e, the DCI design was mostly finalized. There are two remaining issues –
· In the DL DCI, it was FFS how the UE distinguishes the deployment. This is needed since the TBS indices are different between stand-alone/guard-band and in-band deployment.
· In the UL, the DCI design was only agreed as a working assumption.
For the first issue, in our view the UE can determine the deployment mode from MasterInformationBlock-NB or DL-CarrierConfigDedicated-NB.
Proposal 1: UE can determine the deployment mode from the MasterInformationBlock-NB or DL-CarrierConfigDedicated-NB field.
Then, once the deployment mode is known, the UE can use a simple table as shown below to determine the TBS index based on the value of the repetition number field.
	Repetition number field
	I_MCS

	
	Stand-alone/guard-band
	In-band

	000
	14
	11

	001
	15
	12

	010
	16
	13

	011
	17
	14

	100
	18
	15

	101
	19
	16

	110
	20
	17

	111
	21
	Reserved



In the UL, the DCI design was only agreed as a working assumption. The UL design follows the same principle as the DL design where one reserved state in the “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the use of 16-QAM. In RAN1#105-e, the alternative scheme considered was –
· The least significant 5 bits of subcarrier indication field in DCI format N0 are used to indicate the resource allocation for 15 kHz.
· The most significant bit of subcarrier indication field in DCI format N0 is used to indicate the use of 16QAM.
· The “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the TBS indices (i.e., I_TBS indices from 14 to 21) for 16-QAM in UL.

In our view, the alternative scheme does not provide any benefit over the working assumption. On the contrary, it introduces additional complexity by (1) having two different schemes for UL and DL DCI and (2) reduces some flexibility in the subcarrier indication in case 16-QAM is supported. Therefore, it is proposed to confirm the working assumption from RAN1#105-e.
Proposal 2: Confirm the working assumption on indication of 16-QAM in uplink from RAN1#105-e.
[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Channel Quality Report
[bookmark: _Hlk66101531]It was agreed that channel quality can be reported in MAC CE. However, the CQI table has not been decided. Three different options have been listed –
· Option 1: More than three candidate values for 16-QAM are added in the legacy table.
· FFS: Which of the legacy entries are removed
· Option 2: Three candidate values for 16-QAM are added in the legacy table.
· Option 3: A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point
Currently, the existing downlink channel quality report values shown in Table 1, which is based on the NPDCCH repetition level. The current table has 3 un-used entries, which can be used to introduce 16-QAM values. Alternately, Table 2 shows the CQI table for eMTC which is based on the data channel BLER. The eMTC table is based on the PDSCH and supports also reporting of different MCS values for QPSK modulation.  
[bookmark: _Ref60499303][bookmark: _Hlk66101188]Table 1. Extension of downlink channel quality report for NB-IoT.
	Reported value
	NPDCCH repetition level
	16-QAM

	noMeasurement
	No measurement reporting
	No measurement reporting

	candidateRep-A
	1
	N/A

	candidateRep-B
	2
	N/A

	candidateRep-C
	4
	N/A

	candidateRep-D
	8
	N/A

	candidateRep-E
	16
	N/A

	candidateRep-F
	32
	N/A

	candidateRep-G
	64
	N/A

	candidateRep-H
	128
	N/A

	candidateRep-I
	256
	N/A

	candidateRep-J
	512
	N/A

	candidateRep-K
	1024
	N/A

	candidateRep-L
	2048
	N/A

	candidateRep-M
	1
	code rate 0

	candidateRep-N
	1
	code rate 1

	candidateRep-O
	1
	code rate 2


[bookmark: _Ref30074582]Table 2. 4-bit CQI Table (eMTC).
	[bookmark: _Hlk66171208]CQI index
	modulation
	code rate x 1024
	repetition

	0
	out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1


As shown in Table 1, it is possible to reuse the existing table with additional entries added for 16-QAM. This means that we can add three new values to Table 1 (possibly by selecting 3 out of the 4 16-QAM values from Table 2). However, this is not an efficient table when the UE is capable of 16-QAM since the gap between the value of NPDCCH repetition = 1 (candidateRep-A) to 16-QAM entries can be quite large. For instance, the majority of UEs have MCL that is better then 144 dB where NPDCCH repetition of 2 is needed. In addition, the step size of the existing table is 3dB, which is not as useful for NPDSCH MCS selection. Therefore, it may be more efficient to also define an additional new table for 16-QAM UE based on the eMTC CQI table. This new table can be used to help the eNB with better MCS selection for 16-QAM UE. In case a new table is not preferred, the existing table can be reused with more than three candidate values for 16-QAM added in.
Proposal 3: For 16-QAM CQI table, select one of the following options –
· More than three candidate values for 16-QAM are added in the legacy table by replacing candidates with high repetition values (e.g. candidateRep-J to candidateRep-L).  
· A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point
In RAN1#104bis-e, 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. For eMTC, the definition for CQI is given by –
A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
Similar to eMTC, it is proposed also to explicitly define CSI reference resource to be used for CQI measurement.
Proposal 4: Define CSI reference resource to be used for 16-QAM CQI measurement.
In eMTC, the CSI reference resource is defined by a set of BL/CE downlink or special subframes where the last subframe is subframe n-nCQI_ref . For sub-band report, this comprises the last RCSI subframes used forMPDCCH monitoring by the eMTC UE in the corresponding narrowband. The parameter RCSI is given by the repetition column when UE is configured to report the CQI or by the higher later parameter csi-NumRepetitionCE. The same approach can be used for NB-IoT and the following proposal is made –
Proposal 5: The CSI reference resource is given by a set of the last RCSI subframes used for NPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-nCQI_ref.
Downlink Power Allocation
In RAN1#105-e, the following was agreed as a working assumption –
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· The same transmit power is assumed across different symbols.
· If the signalling is 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
· UE specific signalling is used
This allows the total transmit power across OFDM symbols to be kept constant. In addition, the parameter is UE-specific to allow different trade-offs between pilot-to-data power ratios for different UEs. We therefore support to confirm the above working assumption
Proposal 6: Confirm the working assumption on DL power allocation for stand-alone and guard-band deployments from RAN1#105-e. 
For in-band deployment, it was agreed that another power ratio is signalled in addition to the signalling for stand-alone and guard-band deployments. This power ratio would apply to “symbols with NRS” and “symbols without NRS nor CRS”. Two alternatives were listed: 
· Alt 1:
· The existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case.
· The same transmit power of different symbols is assumed as to derive from nrs-CRS-PowerOffset the NPDSCH EPRE in symbols with CRS.
· Alt 2: 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
· FFS: NPDSCH EPRE to NRS EPRE in symbols with NRS

In our view, we prefer to keep the same total transmit power across OFDM symbols. Therefore, we prefer Alt. 1.

Proposal 7: For in-band deployment, select Alt 1 - the existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case. 
Uplink Power Control
In RAN1#105-e, it was agreed to introduce a new term in the uplink power control of NPUSCH when 16-QAM is used (similar to  in LTE). This term could be used to increase the power when the SE is increased from using 16-QAM. In LTE, this term is given by for  and 0 for where  is given by the parameter deltaMCS-Enabled. In LTE, the value is dependent on many parameters such as whether control information is multiplexed with data, number of codeblock, size of codeblock, number of resource elements, number of CQI/PMI bits, etc. These dependencies are not necessary for NB-IoT. The basic idea is to adjust the transmit power based on the spectral efficiency, and a simple formula can be given by –

where , K is the codeblock (TBS) size and NRE is the number of resource elements used for the NPUSCH. For NB-IoT, however, something simpler can be introduced as there is no need to calculate  for different allocations. For example,  can be defined via a table corresponding to the different MCS value as shown below –
	MCS
	

	0 – 13
	0

	14
	Value 1

	15
	Value 2

	16
	Value 3

	17
	Value 4

	18
	Value 5

	19
	Value 6

	20
	Value 7

	21
	Value 8



Proposal 8: A new uplink power control term  is introduced in the uplink power control as follows 

and enabled via RRC configuration. If enabled, the parameter  is given in a table based on MCS index. If not enabled, .
PUR Support 
In RAN1#105-e, it was agreed as a working assumption to support 16-QAM for NPUSCH in PUR procedure. However, it was FFS whether to support of 16-QAM for NPDSCH in PUR procedure. PUR is a Rel-16 feature and supporting 16-QAM in PUR can be done in a straightforward manner as PUR is configured when UE is in connected mode (and therefore capability is known). It has been noted that 16-QAM may not be very useful for PUR since the network does not know whether the UE can support PUR. However, as PUR is configured in connected mode and intended for UE with low or no mobility, the long-term link quality should be similar for the UE whether in connected or idle mode. In addition, the UE will verify the TA based on RSRP changes, which also provides validation that the long-term link quality is still sufficient for 16-QAM. Therefore, it is proposed to confirm the working assumption on supporting 16-QAM for PUR.
Proposal 9: Confirm the working assumption to support 16-QAM for NPUSCH in PUR procedure.
In PUR procedure, the NPUSCH configuration is given by –
pur-PhysicalConfig-r16 SEQUENCE {
carrierConfig-r16 CarrierConfigDedicated-NB-r13,
npusch-NumRUsIndex-r16 INTEGER (0..7),
npusch-NumRepetitionsIndex-r16 INTEGER (0..7),
npusch-SubCarrierSetIndex-r16 CHOICE {
khz15 INTEGER (0..18),
khz3dot75 INTEGER (0..47)
},
npusch-MCS-r16 CHOICE {
singleTone INTEGER (0..10),
multiTone INTEGER (0..13)
},
p0-UE-NPUSCH-r16 INTEGER (-8..7),
alpha-r16 ENUMERATED {al0, al04, al05, al06,
al07, al08, al09, al1},

npusch-CyclicShift-r16 ENUMERATED {n0, n6},
npdcch-Config-r16 NPDCCH-ConfigDedicated-NB-r13
} OPTIONAL, -- Need ON
When 16-QAM is supported in NPUSCH PUR, we propose to simply increase the MCS field to include MCS level 0 to 21.

Proposal 10: For supporting 16-QAM in NPUSCH in PUR procedure, the field multiTone in npusch-MCS in PUR NPUSCH configuration is modified to include MCS 0-21.
As 16-QAM is supported for NPUSCH in PUR procedure, there is no reason not to also support PUR on the PDSCH. Although there may not need CSI reporting, the eNB can still estimate likely downlink channel quality based on the long-term information or information obtained prior to RRC release and UL PUR configuration. Therefore, it is also proposed to support 16-QAM for NPDSCH in PUR procedure.
Proposal 11: Support 16-QAM for NPDSCH in PUR procedure.
Conclusions
In this contribution, we consider 16-QAM support for NB-IoT and make the following proposals –
Proposal 1: UE can determine the deployment mode from the MasterInformationBlock-NB or DL-CarrierConfigDedicated-NB field.
Proposal 2: Confirm the working assumption on indication of 16-QAM in uplink from RAN1#105-e.
Proposal 3: For 16-QAM CQI table, select one of the following options –
· More than three candidate values for 16-QAM are added in the legacy table by replacing candidates with high repetition values (e.g. candidateRep-J to candidateRep-L).  
· A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point
Proposal 4: Define CSI reference resource to be used for 16-QAM CQI measurement.
Proposal 5: The CSI reference resource is given by a set of the last RCSI subframes used for NPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-nCQI_ref.
Proposal 6: Confirm the working assumption on DL power allocation for stand-alone and guard-band deployments from RAN1#105-e. 
Proposal 7: For in-band deployment, select Alt 1 - the existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case. 
Proposal 8: A new uplink power control term  is introduced in the uplink power control as follows 

and enabled via RRC configuration. If enabled, the parameter  is given in a table based on MCS index. If not enabled, .
Proposal 9: Confirm the working assumption to support 16-QAM for NPUSCH in PUR procedure.
Proposal 10: For supporting 16-QAM in NPUSCH in PUR procedure, the field multiTone in npusch-MCS in PUR NPUSCH configuration is modified to include MCS 0-21.
Proposal 11: Support 16-QAM for NPDSCH in PUR procedure.
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