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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:
[bookmark: _Hlk82071951]
Agreement:
Confirm the following working assumption:
· Working Assumption
· Support 16-QAM for NPUSCH in PUR procedure.

Confirm the working assumption:
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 the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB.

Confirm working assumption:
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
Down-select one option from Cat 1 as starting point
· Cat 1: Option 1, Option 2/Option 4, Option 5
FFS Cat 2: Option 3, for close-loop power control
· Option 1: Reuse the LTE definition simplified for NB-IoT:  for  and  for , where  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size.
· Option 2:  is given in table based on MCS index if enabled, 0 otherwise.
· Option 3: A TPC command is introduce to indicate the power offset for NPUSCH with 16-QAM.
· Option 4:  is configured by high layer parameter.
· Option 5: ΔTF =  for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =.  is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and  is the number of bits per M-ary symbol of the Modulation Scheme.

Working Assumption 
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”. 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
· the signalling is UE specific
Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.

Conclusion 
· The channel quality report is not supported in Msg3 in connected mode in Rel-17.

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
CQI Reporting to support 16-QAM in DL
For NBIoT CQI reporting in Msg3, it is defined as the NPDCCH repetition level of hypothetical NPDCCH BLER of 1%. The reported values for NB-IoT are based on mapping table in TS 36.133 section 9.1.22.15 with the NPDCCH repetition levels (1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048). It is agreed that 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 previous RAN1 meeting
To extend the NB-IoT channel quality reporting based on the framework of Rel-14—16 as noted in WID, there are three unused fields utilized to incorporate the reporting for 16-QAM in DL in addition to the existing NPDCCH repetitions level if the legacy CQI reporting value and 4bit CQI reporting should be kept. 
However, it seems not sufficient to reporting only three states of CQI reporting adopted for 16QAM, especially there are up to 8 TBS support to 16QAM. Therefore, we can consider removing some of the legacy CQI reporting values for QPSK and add more than 3 CQI reporting values for support 16QAM in DL or the subset of CQI reporting values is determined by channel condition (e.g., first 16 or last 16 entries out of [23] CQI reporting value is selected based on severe channel condition or good channel condition). Table 1 gives an example of CQI table for NBIoT(Inband). For standalone and guardband, higher code rate (TBS) is expected for more available resource elements, new CQI table (or new CQI entries in addition to Table 1) is needed.
Table 1 CQI table for NBIoT (Inband)
	　
	NPDCCH repetition level
	NPDSCH

	
	
	Modulation
	Code rate x 1024

	noMeasurement
	No measurement reporting
	N/A
	N/A

	candidateRep-A
	1
	N/A
	N/A

	candidateRep-B
	2
	N/A
	N/A

	candidateRep-C
	4
	N/A
	N/A

	candidateRep-D
	8
	N/A
	N/A

	candidateRep-E
	16
	N/A
	N/A

	candidateRep-F
	32
	N/A
	N/A

	candidateRep-G
	64
	N/A
	N/A

	candidateRep-H
	128
	N/A
	N/A

	candidateRep-I
	256
	N/A
	N/A

	candidateRep-J
	512
	N/A
	N/A

	candidateRep-K
	1024
	N/A
	N/A

	candidateRep-L
	2048
	N/A
	N/A

	candidate-M
	N/A
	16QAM
	[429]

	candidate-N
	N/A
	16QAM
	[499]

	candidate-O
	N/A
	16QAM
	[549]

	candidate-P
	N/A
	16QAM
	[617]

	candidate-Q
	N/A
	16QAM
	[667]

	candidate-R
	N/A
	16QAM
	[712]

	candidate-S
	N/A
	16QAM
	[781]



Proposal 1: Remove some of the legacy CQI reporting values and add more than 3 CQI reporting values for support 16QAM in DL or report the subset of CQI reporting values determined by channel condition.
DL power allocation
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.
We propose confirm the working assumption:
Working Assumption 
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”. 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
· the signalling is UE specific
Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.
Proposal 2: Confirm the working assumption for DL power allocation for inband case.
Uplink power control
For the additional power control parameter for 16-QAM (e.g. similar to ΔTF), RRC parameter is configured to increase the power of higher modulation in LTE. Similar as defined in LTE,  is determined as:
  for  and  for , where  is given by higher layers parameter.
·  where  is the code block size and  is the number of resource elements determined as  where , ,   are defined in TS36.211, and  is defined in section 16.5.1.1 in TS36.213.

Proposal 3: Introduce parameter ΔTF to uplink power control enhancement in NBIoT.

Conclusions
In this contribution, considerations of 16QAM support for NPDSCH and NPUSCH are provided. The following proposals are given.
Proposal 1: Remove some of the legacy CQI reporting values and add more than 3 CQI reporting values for support 16QAM in DL or report the subset of CQI reporting values determined by channel condition.
Proposal 2: Confirm the working assumption for DL power allocation for inband case.
Proposal 3: Introduce parameter ΔTF to uplink power control enhancement in NBIoT.
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