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1	Introduction
In the Work Item (WI) on “Rel-17 enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for NB-IoT:
	· [bookmark: _Hlk30583880][bookmark: _Hlk30584214]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 RAN1 #104-bis-e, a set of agreements were made for both UL and DL [2]. In this contribution we go through each of those agreements as to provide our view on the technical aspects that will be followed-up. In the sections below we treat UL and DL separately starting with the latter one.
2	Support of 16-QAM for unicast in DL
2.1	DCI design to support 16QAM in DL
In RAN1 #104-bis-e, the Working Assumption (WA) in relation to the TBS/MCS table design to support 16-QAM in DL was confirmed as follows [2]:
	
Agreement
Confirm the working assumption that the following TBS indices are introduced for downlink with modification in RED:
	
	

	
	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
	328296
	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







Moreover, touching upon the breaking-point for stand-alone and guard-band deployments, the following agreements were reached [2]:
	Agreement
Confirm the 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.




Previously in RAN1# 104-e [3], the following had been agreed for the breaking-point related to the in-band deployments:
	
Agreement
The following working assumption is confirmed with following modifications:
· [bookmark: _Hlk65678158]For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.




The above set of agreements completed the TBS/MCS table design to support 16-QAM in DL, and towards discussing the DCI design the following agreement was reached [2]:
	Agreement
The following options on the indication of downlink 16-QAM can be considered:
· Option 1: MCS field is increased to 5 bits to indicate modulation and TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· Option 2: MCS field is 4 bits to indicate TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· 1 bit is used to indicate legacy QPSK or 16QAM
· Option 3: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
· Option 4: MCS is 4 bits, 
· If repetition is indicated as one, 16QAM and QPSK can be indicated by MCS field;
· If repetition is indicated larger than one, the legacy QPSK MCS can be indicated by MCS field.
· Option 5: {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
· Note: other options are not precluded.




In our view, Option 3 is preferred because the same design can be applied to both UL and DL. Below we illustrate how it can be used in DL to cover both “stand-alone/guard-band deployments” and “in-band deployments”:
In DL, Option 3 aims at utilizing the following two fields in DCI Format N1:
· [bookmark: _Hlk71058798]“Modulation and coding scheme – 4 bits as defined in clause 16.4.1.5 of [3]”: Since the states “1110” and “1111” are not used, any of those reserved states can be used to indicate the use of 16-QAM.

· [bookmark: _Hlk71058949]“Repetition number – 4 bits as defined in clause 16.4.1.3 of [3]”: if “Modulation and coding scheme” indicates for example “1110”, since repetitions are not used for 16QAM, 3-bits of this field can be used to indicate the TBS indices for 16-QAM in DL as follows:

· [bookmark: _Hlk71120722]If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “stand-alone or guard-band deployment” then the 3-bits refer to I_TBS indices spanning from index 14 to 21.

· If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “in-band deployment” then the 3-bits refer to I_TBS indices spanning from index 11 to 17.

[bookmark: _Toc71635387]For the support of 16-QAM in downlink, the DCI design is based on:
[bookmark: _Toc71635388]Option 3: MCS field is 4 bits to indicate modulation and TBS
[bookmark: _Toc71635389]o	A reserved state of MCS field indicates the use of 16QAM, 
[bookmark: _Toc71635390]o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.

[bookmark: _Toc71635391]In DCI format N1:
· [bookmark: _Toc71635392]In the “Modulation and coding scheme” field, one of the two available reserved states (i.e., “1110” or “1111”) is used to indicate the use of 16-QAM in DL.
· [bookmark: _Toc71635393]If the use of 16-QAM in DL has been indicated, in the “Repetition number” field, 3 bits are used to indicate the ITBS indices for 16-QAM in DL as follows:
· [bookmark: _Toc71635394]If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “stand-alone or guard-band deployment” then the 3-bits refer to I_TBS indices spanning from index 14 to 21.
· [bookmark: _Toc71635395]If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “in-band deployment” then the 3-bits refer to I_TBS indices spanning from index 11 to 17.
In RAN1# 104-bis-e [2], the following Working Assumption (WA) was agreed:
	Working Assumption
The DCI size is not increased to support 16-QAM in uplink and downlink.




In the view of the feasibility observed for Option 3, the WA can be confirmed.
[bookmark: _Toc71635396]Confirm the Working Assumption on “The DCI size is not increased to support 16-QAM in uplink and downlink”.
2.2	Channel Quality Reporting to support 16-QAM in DL
2.2.1	CQI reporting definition
In relation with the “CQI reporting definition”, in RAN1# 104-bis-e the following agreement was reached:
	Agreement
If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.




In the subsection below we continue the discussion on the CQI mapping Table as an essential enabler to support the channel quality reporting for 16-QAM in DL.
2.2.2	CQI mapping Table
The CQI mapping table in TS 36.133 clause 9.1.22.15 [4] is used as a baseline to introduce the channel quality reporting for 16-QAM in DL.
A high order modulation as 16-QAM requires good radio conditions, recently in RAN1# 104-e it was agreed to use only 1 repetition (i.e., no repetition for NPDSCH) in DL [3], in line with it below we used as a design criterion the case where “NPDCCH repetition level” is equal to 1. 
Moreover, the CQI mapping table in TS 36.133 clause 9.1.22.15 currently uses 13 out of 16 entries [4], being the three unused fields utilized to incorporate the reporting for 16-QAM in DL:
Table 4a: Updated Table 9.1.22.15-1: Downlink channel quality measurement report mapping of CQI-NPDCCH-NB when the DL channel quality reporting is supported
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block error probability not exceeding 0.1

	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
	0

	candidateRep-N
	1
	1

	candidateRep-O
	1
	2



Table 4b. NB-IoT 16-QAM CQI index
	
CQI Index
	ITBS index

	
	Guard-band and Stand-alone deployments
	In-band deployments

	0
	A
	D

	1
	B
	E

	2
	C
	F



The three new reports (i.e., candidateRep-M, candidateRep-N, and candidateRep-O) proposed to be used for 16-QAM, use as metric TBS indices to reflect the channel conditions (i.e., The report suggests the ITBS indices that are suitable to be used as a function of the channel conditions). The TBS indices (i.e., ITBS =A, ITBS =B, ITBS =C, ITBS =D, ITBS =E, and ITBS =F) associated to the reports M, N, and O respectively, depend on the TBS/MCS table for which the TBS indices are different between the guard-band/stand-alone deployments and the in-band deployment due to the effective coding rates.
The intention is to cover the full range of ITBS indices (14 to 21 and 11 to 17 depending on the deployment mode) using only three candidate reports (i.e., candidateRep-M, candidateRep-N, or candidateRep-O), the reason why we consider that three new reports are sufficient to cover the whole set of ITBS indices used for 16-QAM has to do with the step-size between ITBS indices:
· Stand-alone and Guard-band deployments:

· ITBS15-ITBS14 = 0.45 dB, ITBS16-ITBS15 = 0.4462 dB, ITBS17-ITBS16 = 0.7400 dB, ITBS18-ITBS17 = 0.7637 dB, ITBS19-ITBS18 = 0.9388 dB, ITBS20-ITBS19 = 1.0112 dB, ITBS21-ITBS20 = 1.43 dB.

· In-band deployments:

· ITBS12-ITBS11 = 0.95 dB, ITBS13-ITBS12 = 0.83 dB, ITBS14-ITBS13 = 1.05 dB, ITBS15-ITBS14 = 0.94 dB, ITBS16-ITBS15 = 0.71 dB, ITBS17-ITBS16 = 3.08 dB.

Where ITBSY-ITBSX above refers to the difference between the average SINR across all the TBS entries of those rows.

As it can be seen the step-size between ITBS indices is in most of the cases smaller than 1dB, which is a level of granularity that might be unfeasible to handle considering the measurement quality due to the limitations in terms of NRS availability and receive antenna. Indeed, the existing channel quality reporting table is specified for each repetition level 1, 2, 4, 8, …, which means that the step size is 3dB in static channel condition. In Rel-17, the repetition level is 1, and since any step-size smaller than 1 dB seems to be unfeasible to deal with, it would be needed to group the ITBS indices for example as follows as to increase the step-size:
· Stand-alone and Guard-band deployments:

· ITBS17-ITBS14 = 1.63, ITBS20-ITBS18 = 1.94, ITBS21-ITBS20 = 1.43

· In-band deployments:

· ITBS13-ITBS11 = 1.78, ITBS16-ITBS14 = 1.65, ITBS17-ITBS16 = 3.08

Using the above suggested ITBS index grouping, below we provide an example on how they can be incorporated into a CQI index table as to use the three candidate reports (i.e., candidateRep-M, candidateRep-N, or candidateRep-O) available in the legacy Table 9.1.22.15-1 [4].
Table 4c: Updated Table 9.1.22.15-1: Downlink channel quality measurement report mapping of CQI-NPDCCH-NB when the DL channel quality reporting is supported
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block error probability not exceeding 0.1

	candidateRep-M
	1
	0

	candidateRep-N
	1
	1

	candidateRep-O
	1
	2



Table 4d: NB-IoT 16-QAM CQI index
	CQI Index
	ITBS index

	
	Guard-band and Stand-alone deployments
	In-band deployments

	0
	17
	13

	1
	20
	16

	2
	21
	17



The reading of Table 4c and 4d above means that when the UE reports for example CQI index 0 for guard-band and stand-alone deployments, the UE would be suggesting to the eNodeB that the radio conditions are suitable as to use a smaller or up to the largest transport block given by ITBS index 17, being up to the eNodeB to decide which transport block to schedule.
[bookmark: _Toc71635375]The legacy CQI mapping table in TS 36.133 clause 9.1.22.15 currently uses 13 out of 16 entries, hence the three unused fields could be utilized to incorporate the channel quality reporting for 16-QAM in DL.
[bookmark: _Toc71635376]For the TBS/MCS table for DL, the step-size between ITBS indices is in most cases smaller than 1dB, which is a level of granularity that might be unfeasible in terms of NRS. Today the channel quality reporting is specified for each repetition level 1, 2, 4, 8, …, which means that in legacy the step size is 3dB. 
[bookmark: _Toc71635377]In Rel-17, the full range of ITBS indices (14 to 21 and 11 to 17 depending on the deployment mode) can be covered using only three candidate reports (i.e., candidateRep-M, candidateRep-N, or candidateRep-O) as to have a feasible level of granularity with step-sizes larger than 1dB.
[bookmark: _Toc71635397]The three unused entries in the legacy CQI mapping Table in clause 9.1.22.15 of TS 36.133 (i.e., Table 9.1.22.15-1) are used for the CQI reporting of 16-QAM in DL.
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block error probability not exceeding 0.1

	candidateRep-M
	1
	0

	candidateRep-N
	1
	1

	candidateRep-O
	1
	2



	CQI Index
	ITBS index

	
	Guard-band and Stand-alone deployments
	In-band deployments

	0
	[17]
	[13]

	1
	[20]
	[16]

	2
	[21]
	[17]



[bookmark: _Hlk52976684]2.3	Power control for 16-QAM in DL: Data-to-Pilot Power Ratios
[bookmark: _Hlk58414114]The WID’s objective includes the “necessary changes to DL power allocation for NPDSCH and DL TBS”. In [5] it was mentioned that “currently a UE may assume the ratio of NPDSCH EPRE to NRS 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. For 16-QAM, the power ratio is required in order to determine the appropriate scaling of the LLR values”. Similarly, in [6] it was mentioned that with the introduction of 16-QAM “the UE needs to have a correct assumption on the relative power between pilots and data”.
In RAN1# 103-e the following agreement was reached in relation to the DL power allocation for 16-QAM:
	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




In RAN1#104-e, the follow-up agreement was reached:
	Agreement
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.
· [bookmark: _Hlk66704657]FFS on signaling details
· FFS for the handling on whether the PCI is different or the same




More recently, in RAN1# 104-bis-e the following agreement was reached:
	Agreement
For downlink power allocation to support 16QAM:
· [bookmark: _Hlk71201131]For standalone and guard-band deployments:
· Option 1: Two power ratios are signaled
· NPDSCH EPRE to NRS EPRE in symbols with NRS
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· Option 2: the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS is signaled, assuming the same transmit power of different symbols.
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, assuming the same transmit power of different symbols.
· [bookmark: _Hlk71201277]If the signaling(s) is(are) 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
· For inband deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments.
· FFS to reuse the existing parameter nrs-CRS-PowerOffset.
· FFS: Whether UE specific or cell-specific or carrier-specific signaling is used




· Stand-alone and Guard-band deployments:

Three options have been listed towards deciding on the data-to-pilot power ratios to be signalled for “Stand-alone” and “Guard-band” deployments. It is worth noting that regardless of the selected option, the following principle will apply:
“If the signaling(s) is(are) 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”

The principle cited above provides the required implicitness in case no data-to-pilot power ratios were signalled, for other cases the explicitness and full-control provided by Option 1 is preferred for “Stand-alone and Guard-band deployments”.
[bookmark: _Toc71635398]For the 16-QAM downlink power allocation, in case of “standalone and guard-band deployments” the following option is used:
· [bookmark: _Toc71635399]Option 1: Two power ratios are signaled
· [bookmark: _Toc71635400]NPDSCH EPRE to NRS EPRE in symbols with NRS
· [bookmark: _Toc71635401][bookmark: _Hlk71205306]NPDSCH EPRE to NRS EPRE in symbols without NRS
· [bookmark: _Toc71635402]If the signaling(s) is(are) not indicated, the legacy power allocation is used.
· [bookmark: _Toc71635403]i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
Below we address the in-band deployments.
· In-band deployments:

The agreement from RAN1# 104-bis-e states “For inband deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments”, in relation to it we have the following observations:
[bookmark: _Toc71635378]In relation to signal the “power ratio of NRS EPRE to CRS EPRE” it is important to be aware that 1) For the different PCI case the CRS power is unknown for the UE, and 2) For the same PCI case “nrs-CRS-PowerOffset” is not necessarily transmitted. 
[bookmark: _Toc71635379]To overcome the lack of CRS power knowledge mentioned in Observation 4, it is more convenient to stay aligned with other deployment modes and with the agreement from RAN1# 103-e (“… signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported, … NPDSCH in symbols with CRS (only for “In-band” deployment)”) as to signal for the in-band deployment: “the power ratio NPDSCH EPRE to NRS EPRE in symbols with CRS”.
In line with the above observations we have the following proposal:
[bookmark: _Toc71635404]For the downlink power allocation, in case of “in-band deployments” the following power ratio is signalled regardless of the PCI case:
· [bookmark: _Toc71635405]“The power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS”.
Below we address the signalling aspects for “Stand-alone”, “Guard-band” and “In-band” deployments.
· Signaling Aspects:

Once the above aspects have been discussed and agreements have been reached, a second order discussion has to do with the following “FFS: Whether UE specific or cell-specific or carrier-specific signaling is used”. The decision on which signalling type to use is highly dependent on whether the downlink power allocation framework used in LTE is going to be followed or not. Hence, in principle there are two different approaches that could be followed:
Let’s us first define: ρ_a = power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS, ρ_b = power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS, and ρ_c = power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS.
· Signaling Approach 1: In this approach, the signalled data-to-pilot power ratios ρ_a, ρ_b, and ρ_c, are each of them indicated in a straight way using UE specific signalling.

· Signaling Approach 2 (LTE framework): In this approach, the signalled data-to-pilot power ratios ρ_a, ρ_b, and ρ_c would be associated with three indices PA, PB, and PC through a table mapping indices vs power ratios (See e.g., Table 5.2-1 in TS 36.213), using e.g., UE specific signaling for PA, and cell specific signaling for PB and PC as to reduce the higher layer signalling overhead.

[bookmark: _Toc71635380]In terms of signalling for the downlink power allocation, in LTE the data-to-pilot power ratios are associated to indices through a table: mapping indices vs power ratios (See e.g., Table 5.2-1 in TS 36.213).
[bookmark: _Toc71635381]The downlink power allocation using the LTE approach (table mapping indices vs power ratios) allows to obtain higher layer signaling savings.
[bookmark: _Toc71635382]Although re-using the LTE framework is a good design principle, if we consider that there might be mixed deployments modes of anchor and non-anchor carriers (e.g., anchor Guard-band and non-anchor In-band) the “Signaling Approach 1” is more suitable to deal with those scenarios than having to dependent on nrs-CRS.PowerOffset transmitted via SIB1-NB using "Cond inband-SamePCI-ExceptAnchor”.
[bookmark: _Toc71635406]The signalling for the downlink power allocation for 16-QAM is as follows:
· [bookmark: _Toc71635407]ρ_a = power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS, ρ_b = power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS, and ρ_c = power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS.
· [bookmark: _Toc71635408]The data-to-pilot power ratios ρ_a, ρ_b, and ρ_c are each of them indicated using UE specific signalling.
3	Support for 16-QAM for unicast in UL
3.1	DCI design for unicast in UL
In RAN1 #104-e, the following agreements were reached to support 16-QAM in UL [3]:
	Agreement
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
	
	
	



Agreement
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.

Agreement
Repetition is not used for 16-QAM in uplink.

Agreement
16-QAM can be used for 3 and 6 subcarriers NPUSCH format 1




As we mentioned in section 2.1, a DCI design as per Option 3 can be applied to both UL and DL. Below we illustrate how Option 3 can be used in UL:
In UL, Option 3 aims at utilizing the following two fields in DCI Format N0:
· “Modulation and coding scheme – 4 bits as defined in clause 16.5.1.2 of [3]”: Since the state “1111” is used for EDT and in RAN1# 104-bis-e it was agreed that “16-QAM is not applied to EDT” [2], then we can re-use the state “1111” to indicate the use of 16-QAM in UL. Note: the state “1110” is used for PUR, in case PUR were not supported for 16QAM, then 1110 can also be used for indication of 16-QAM in UL.

· “Repetition number – 3 bits as defined in clause 16.5.1.1 of [3]”: if “Modulation and coding scheme” indicates state “1111”, since repetitions are not used for 16QAM, this field can be used to indicate the TBS indices for 16-QAM in UL which span from index 14 to 21.

[bookmark: _Toc71635409]For the support of 16-QAM in uplink, the DCI design is based on:
[bookmark: _Toc71635410]Option 3: MCS field is 4 bits to indicate modulation and TBS
[bookmark: _Toc71635411]o	A reserved state of MCS field indicates use of 16QAM, 
[bookmark: _Toc71635412]o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
[bookmark: _Toc71635413]In DCI format N0:
· [bookmark: _Toc71635414]In the “Modulation and coding scheme” field, the reserved state “1111” is used to indicate the use of 16-QAM in UL.
· [bookmark: _Toc71635415]If the use of 16-QAM in UL has been indicated, in the “Repetition number” field, the 3 bits are used to indicate the TBS indices for 16-QAM in UL spanning from index 14 to 21.
3.2	Additional power control parameter for 16-QAM in UL
In RAN1# 104-bis-e, the following was noted:
	For future meeting:
· Additional power control parameter for 16-QAM (e.g. similar to ΔTF)




In LTE the term ΔTF in the power control equation is used to increase the power when the number of bits per RE is increased by a higher order modulation scheme, hence in the case of using 16-QAM in UL it should be possible to incorporate a similar element into the NB-IoT’s equation.
[bookmark: _Toc71635383]In LTE, the term ΔTF in the power control equation increases the power when the number of bits per RE is increased by a higher order modulation scheme, a similar element can be incorporated into the NB-IoT’s equation for 16-QAM in UL.
[bookmark: _Toc71635416]Incorporate into the UE’s transmit power control equation, a new term to boost the power when the number of bits per RE is increased due to the use of 16-QAM in UL.
[bookmark: _Toc71635417]FFS: Details on the power increase provided by the new term.
4	Other topics
4.1	On the applicability of 16-QAM for PUR and/or Multi-TB Grant
The applicability of 16-QAM for PUR and/or Multi-TB Grant is to be discussed at the upcoming e-meeting:
	For future meeting:

· Applicability of 16QAM for PUR and multi-TB scheduling




· PUR: In Rel-16, 3GPP introduced the possibility of performing NPUSCH transmissions over pre-configured resources (PUR). In short, the UE in connected-mode obtains a pre-configuration of UL resources (UL grant), which it will use once it has transitioned to idle-mode as to transmit in UL as long as its Timing Advance is tested to be valid. 

[bookmark: _Hlk71063513]On the applicability of 16-QAM for PUR, when the UE is in connected-mode to get the UL pre-configuration the radio conditions may be good as to use 16-QAM, but it can take some time for the UE to transition to idle-mode until it has its PUR transmission opportunity available, by that time the radio conditions may have changed and 16-QAM may not be suitable anymore. Moreover, 16-QAM for PUR will only be suitable for Dedicated-PUR since Shared-PUR operates in a low-SNR region. It is not straight forward to say that 16-QAM is suitable for PUR, only if there is some sort of knowledge at the eNodeB that can for example determine in a confident way that there are UEs close to the eNodeB experiencing good radio conditions and those UEs are stationary then using 16-QAM may be advantageous. To leave the door open to those possible cases, it will be ok that 16-QAM in UL can be made optionally applicable to dedicated PUR.

[bookmark: _Toc71635384]16-QAM for PUR will only be suitable for Dedicated-PUR since Shared-PUR operates in a low-SNR region.
[bookmark: _Toc71635385]The radio conditions may drastically change from the time the UE gets the PUR configuration indicating the use of 16-QAM till the UE is in idle-mode and the PUR transmission opportunity arrives.
[bookmark: _Toc71635386]16-QAM for PUR seems to be only suitable if there is some sort of knowledge at the eNodeB that can guarantee the that conditions to use 16-QAM will remain suitable long-term (e.g., guaranteed stationary UEs close to the eNodeB). To leave the door open to those possible cases, it will be ok that 16-QAM can be optionally applicable to dedicated PUR.
[bookmark: _Toc71635418]16-QAM in UL supports Dedicated-PUR which can be enabled/disabled.

· Multi-TB grant: With multi-TB scheduling (unicast) it is possible to schedule up to 2 TBs with a single DCI, and the peak rate is maximized by using HARQ-ACK bundling with bundle size 2. Applying 16-QAM to Multi-TB seems beneficial and the specification impact is foreseen to be minor (e.g., DCI update).

[bookmark: _Toc71635419]16-QAM in DL supports multi-TB scheduling which can be enabled/disabled.
5	Conclusion
In the previous sections we made the following observations for the support of 16-QAM for unicast in UL and DL for NB-IoT:
Observation 1	The legacy CQI mapping table in TS 36.133 clause 9.1.22.15 currently uses 13 out of 16 entries, hence the three unused fields could be utilized to incorporate the channel quality reporting for 16-QAM in DL.
Observation 2	For the TBS/MCS table for DL, the step-size between ITBS indices is in most cases smaller than 1dB, which is a level of granularity that might be unfeasible in terms of NRS. Today the channel quality reporting is specified for each repetition level 1, 2, 4, 8, …, which means that in legacy the step size is 3dB.
Observation 3	In Rel-17, the full range of ITBS indices (14 to 21 and 11 to 17 depending on the deployment mode) can be covered using only three candidate reports (i.e., candidateRep-M, candidateRep-N, or candidateRep-O) as to have a feasible level of granularity with step-sizes larger than 1dB.
Observation 4	In relation to signal the “power ratio of NRS EPRE to CRS EPRE” it is important to be aware that 1) For the different PCI case the CRS power is unknown for the UE, and 2) For the same PCI case “nrs-CRS-PowerOffset” is not necessarily transmitted.
Observation 5	To overcome the lack of CRS power knowledge mentioned in Observation 4, it is more convenient to stay aligned with other deployment modes and with the agreement from RAN1# 103-e (“… signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported, … NPDSCH in symbols with CRS (only for “In-band” deployment)”) as to signal for the in-band deployment: “the power ratio NPDSCH EPRE to NRS EPRE in symbols with CRS”.
Observation 6	In terms of signalling for the downlink power allocation, in LTE the data-to-pilot power ratios are associated to indices through a table: mapping indices vs power ratios (See e.g., Table 5.2-1 in TS 36.213).
Observation 7	The downlink power allocation using the LTE approach (table mapping indices vs power ratios) allows to obtain higher layer signaling savings.
Observation 8	Although re-using the LTE framework is a good design principle, if we consider that there might be mixed deployments modes of anchor and non-anchor carriers (e.g., anchor Guard-band and non-anchor In-band) the “Signaling Approach 1” is more suitable to deal with those scenarios than having to dependent on nrs-CRS.PowerOffset transmitted via SIB1-NB using "Cond inband-SamePCI-ExceptAnchor”.
Observation 9	In LTE, the term ΔTF in the power control equation increases the power when the number of bits per RE is increased by a higher order modulation scheme, a similar element can be incorporated into the NB-IoT’s equation for 16-QAM in UL.
Observation 10	16-QAM for PUR will only be suitable for Dedicated-PUR since Shared-PUR operates in a low-SNR region.
Observation 11	The radio conditions may drastically change from the time the UE gets the PUR configuration indicating the use of 16-QAM till the UE is in idle-mode and the PUR transmission opportunity arrives.
Observation 12	16-QAM for PUR seems to be only suitable if there is some sort of knowledge at the eNodeB that can guarantee the that conditions to use 16-QAM will remain suitable long-term (e.g., guaranteed stationary UEs close to the eNodeB). To leave the door open to those possible cases, it will be ok that 16-QAM can be optionally applicable to dedicated PUR.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	For the support of 16-QAM in downlink, the DCI design is based on:
Option 3: MCS field is 4 bits to indicate modulation and TBS
o	A reserved state of MCS field indicates the use of 16QAM,
o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
Proposal 2	In DCI format N1:
	In the “Modulation and coding scheme” field, one of the two available reserved states (i.e., “1110” or “1111”) is used to indicate the use of 16-QAM in DL.
	If the use of 16-QAM in DL has been indicated, in the “Repetition number” field, 3 bits are used to indicate the ITBS indices for 16-QAM in DL as follows:
-	If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “stand-alone or guard-band deployment” then the 3-bits refer to I_TBS indices spanning from index 14 to 21.
-	If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “in-band deployment” then the 3-bits refer to I_TBS indices spanning from index 11 to 17.
Proposal 3	Confirm the Working Assumption on “The DCI size is not increased to support 16-QAM in uplink and downlink”.
Proposal 4	The three unused entries in the legacy CQI mapping Table in clause 9.1.22.15 of TS 36.133 (i.e., Table 9.1.22.15-1) are used for the CQI reporting of 16-QAM in DL.
	Reported value
	NPDCCH repetition level
	16-QAM CQI index with NPDSCH transport block error probability not exceeding 0.1

	candidateRep-M
	1
	0

	candidateRep-N
	1
	1

	candidateRep-O
	1
	2



	CQI Index
	ITBS index

	
	Guard-band and Stand-alone deployments
	In-band deployments

	0
	[17]
	[13]

	1
	[20]
	[16]

	2
	[21]
	[17]



Proposal 5	For the 16-QAM downlink power allocation, in case of “standalone and guard-band deployments” the following option is used:
	Option 1: Two power ratios are signaled
	NPDSCH EPRE to NRS EPRE in symbols with NRS
	NPDSCH EPRE to NRS EPRE in symbols without NRS
	If the signaling(s) is(are) not indicated, the legacy power allocation is used.
o	i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports
Proposal 6	For the downlink power allocation, in case of “in-band deployments” the following power ratio is signalled regardless of the PCI case:
	“The power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS”.
Proposal 7	The signalling for the downlink power allocation for 16-QAM is as follows:
· ρ_a = power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS, ρ_b = power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS, and ρ_c = power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS.
· The data-to-pilot power ratios ρ_a, ρ_b, and ρ_c are each of them indicated using UE specific signalling.
Proposal 8	For the support of 16-QAM in uplink, the DCI design is based on:
Option 3: MCS field is 4 bits to indicate modulation and TBS
o	A reserved state of MCS field indicates use of 16QAM,
o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
Proposal 9	In DCI format N0:
	In the “Modulation and coding scheme” field, the reserved state “1111” is used to indicate the use of 16-QAM in UL.
	If the use of 16-QAM in UL has been indicated, in the “Repetition number” field, the 3 bits are used to indicate the TBS indices for 16-QAM in UL spanning from index 14 to 21.
Proposal 10	Incorporate into the UE’s transmit power control equation, a new term to boost the power when the number of bits per RE is increased due to the use of 16-QAM in UL.
FFS: Details on the power increase provided by the new term.
Proposal 11	16-QAM in UL supports Dedicated-PUR which can be enabled/disabled.
Proposal 12	16-QAM in DL supports multi-TB scheduling which can be enabled/disabled.
[bookmark: _In-sequence_SDU_delivery]
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