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1 Introduction
In RAN1#106 e-meeting, DL and UL 16QAM for NB-IoT was further discussed. The relevant agreements [1] and working assumptions are summarized as below:

	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: [image: image1.png]Ologyo((25PFE & _ 1Y)
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 is given by higher layer parameter deltaMCS-Enabled, and [image: image6.png]BPRE=




 where K is the code block size.
· Option 2: [image: image7.png]Arg,



 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: [image: image8.png]Arg,



 is configured by high layer parameter.
· Option 5: ΔTF = [image: image9.png]o)
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 for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =[image: image10.png]CodeRate.. . - 0.
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 is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and [image: image12.png]


 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, we discuss the remaining issues on 16QAM for NB-IoT.

2 Discussion

Downlink power allocation
In the WA for downlink power allocation, one power ratio is signaled for NPDSCH EPRE to NRS EPRE in symbols without NRS, and the same transmit power is assumed between the symbols with NRS and without NRS nor CRS. In addition, the other power ratio is signaled for NPDSCH EPRE and NRS EPRE in symbols with CRS. The transmit power between symbols with CRS and without CRS can be same or different depending on this power ratio. We can confirm this working assumption.

Proposal 1: Confirm the working assumption for downlink power allocation for inband deployments.
UL power control
For the uplink power control, open loop power control now is agreed in last meeting. And corresponding options need to be down-selected. 

For option 5, BPRE =[image: image13.png]CodeRate. . » Q..
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 is the highest code rate in the TBS/MCS table used for the Modulation Scheme. It means there are only one fixed value for [image: image15.png]


 since there is only one value for [image: image16.png]CodeRate,..



 for 16QAM and only one value for [image: image17.png]CodeRate,..



 for QPSK. Obviously, compared with option 4, less flexibility is foreseen.

Observation 1: Option 5 for UL power allocation only provides a fixed power offset for 16-QAM.

For option 1 and option 2, they actually are similar since they are related to the code rate or MCS value. The difference between the two options mainly is the[image: image18.png]
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 value granularity. For example, option 2 can provide a power offset [image: image20.png]


 for each MCS index. Option 1 provide a power offset  [image: image21.png]


 for the code rate. It means option 1 also provide a finer [image: image22.png]


 for different TBS under the same MCS.

Observation 2: For UL power allocation, compared with option 2, option 1 provides a finer power offset [image: image23.png]Arg



 for different TBS under the same MCS.

Last, we can further discuss option 1 and option 4. For legacy [image: image24.png]


 in LTE, option 1 provides the range from [-x, y]. And now for NB-IoT, option 1 provides the [image: image25.png]


 value range [5.19, 12.03] for 16-QAM entries in standalone deployment. In this case, there may be a large performance gap between QPSK and 16-QAM due to the power offset. More specifically, in legacy LTE uplink power control, [image: image26.png]


 is used for both QPSK and 16QAM modulation and increases gradually. For NB IoT, there is no [image: image27.png]


 parameter for QPSK, and only [image: image28.png]


 parameter for 16QAM. The minimum [image: image29.png]


 value in standalone deployment is 5.19 db. Compared with NB-IoT QPSK, the large performance gap is foreseen.
Observation 3: For UL power allocation, option 1 may cause a larger performance gap between QPSK and 16-QAM due to the power offset. 

If we try to adjust or increase the other parameters, e.g.,[image: image30.wmf])
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, to mitigate the performance gap, this would lead to all the transmission power increasing for both 16QAM and QPSK, since this is a common parameter to determine the power for QPSK and 16QAM. As for option 4, it can mitigate the impacts from performance gap since the [image: image31.png]


 can be configured by RRC.  

Compared with option 2 and option 5, option 1 and option 4 still have higher priority as analyzed above. Considering the complexity and the performance gap between QPSK and 16QAM, option 4 is preferred.
Proposal 2: Option 4 from Cat 1 can be considered for open loop UL power allocation.

Considering that option 1 may cause performance gap and also option 4 is not so flexible, and there are still some reserved bits in the DCI, it is recommended to use dynamical DCI indication to adjust the value of the increase or decrease of the uplink power flexibly. More specifically, the most significant bit of ‘subcarrier indication’ filed can be utilized to enable the dynamic power control. When this bit indicates dynamic power control is disabled, the following agreement is still workable.

	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.


When this bit indicates dynamic power control is enabled, then similarly, the “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices for 16-QAM and the MCS with 4 bits can be utilized to indicate the dynamic power offset. Based on the current power, the 4 bits power offset value can be dynamically indicated, e.g., [-8, 7]

Proposal 3: Closed-loop power control should be adopted for 16-QAM

· The most significant bit of ‘subcarrier indication’ filed can be utilized to enable the dynamic power control.
· If dynamic power control is enabled, the “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices for 16-QAM and the MCS can be utilized to indicate the power offset.
Channel quality Report
According to the agreements, CQI table can be down-selected between following options:

· 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

For Option 1 and 2, the limited number of CQI states with 16QAM cannot adequately match the variety of channel conditions. When 16QAM is configured in NB-IoT, more modulation and coding schemes will be selected and used for NPDSCH. Hence the sufficient CQI states are beneficial to improve NPDSCH performance. On the other hand, the CQI tables of Option 1 and 2 have the large SNR gap between the adjacent two CQI indices with NPDCCH repetition 1 and 16QAM TBS, which is not conducive to reflect channel quality. Furthermore, if the NPDSCH CQI entries are added in the legacy table with respect to number of PDCCH repetitions, only these added entries can be used in this table if NPDSCH CQI report is triggered. This will result in an overhead waste of report field.
Observation 4: For option 1 and 2 of CQI table, 
· The limited number of CQI states with 16QAM cannot adequately match the variety of channel conditions. 
· There is large SNR gap between the adjacent two CQI indices with NPDCCH repetition 1 and 16QAM TBS.
In RAN1#104b e-meeting, it has been 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. Since the legacy table is based on the repetition number for PDCCH, Option 1 and Option 2 cannot be aligned with the agreement.
Observation 5: For CQI table, option 1 and option 2 are not aligned with the agreement, i.e. the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.

Considering that the number of PDCCH repetitions and CQI report do not need to be performed at the same time, the channel quality for NPDSCH and NPDCCH should be reported separately based on different tables. Thus, the existing MAC CE can be reused to report 4-bit CQI for NPDSCH if the UE receives a NPDSCH CQI command and 4-bit number of repetitions for NPDCCH if the UE receives a NPDCCH CQI command. The eNB can confirm whether the channel quality report is the number of PDCCH repetitions or PDSCH CQI via the type of trigger command. Therefore, a new 4-bit CQI table (Option 3) should be defined for NPDSCH for 16QAM. 
In the WID description, the requirement of channel quality reporting is given as below: 
· 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]

From our understanding, ‘the framework of Rel-14—16’ means CQI reporting triggered by high layer and report by MAC CE should be reused. It does not mean the CQI table for PDCCH should be reused. ‘Extend the NB-IoT channel quality reporting’ means extend CQI report capability, i.e., support CQI report based on NPDSCH. It does not mean the CQI table for PDSCH should be extended in the legacy table. Therefore, Option 3 is still in the WID scope.
Observation 6: The channel quality for NPDSCH and NPDCCH can be reported separately based on different tables.
Observation 7: The existing MAC CE can be reused to report 4-bit CQI for NPDSCH if the UE receives a NPDSCH CQI command and 4-bit number of repetitions for NPDCCH if the UE receives a NPDCCH CQI command. 
Proposal 4: A new 4-bit CQI table should be defined for downlink 16QAM.

Since the number of 4-bit CQI states is less than the number of MCS entries, the CQI table cannot cover all the downlink modulation and coding schemes. Considering that 16QAM is usually configured in high SNR, it is beneficial for CQI reporting performance that large CQI indexes correspond to continuous MCS levels with high spectral efficiency and small CQI indexes correspond to interval MCS levels with low spectral efficiency. Thus, the following 16QAM CQI table for NPDSCH can be considered for standalone and guard-band deployments.

Table 1: CQI table for 16QAM for standalone and guard-band deployments
	CQI index
	modulation
	TBS index

	0
	out of range

	1
	QPSK
	0

	2
	QPSK
	2

	3
	QPSK
	4

	4
	QPSK
	6

	5
	QPSK
	8

	6
	QPSK
	10

	7
	QPSK
	12

	8
	16QAM
	14

	9
	16QAM
	15

	10
	16QAM
	16

	11
	16QAM
	17

	12
	16QAM
	18

	13
	16QAM
	19

	14
	16QAM
	20

	15
	16QAM
	21


For the measurement reference resource, in the frequency domain, the UE can only measure CQI based on one PRB where UE monitors NPDCCH and the associated NPDSCH. In the time domain, whether to use a single subframe or multiple subframes to measure CQI can be based on UE implementation. In addition, RAN1 has not defined measurement reference resource for channel quality report in Rel-14/16 NB-IoT. Thus, the measurement reference resource does not need to be specified for Rel-17 CQI report.

Proposal 5: There is no need to specify measurement reference resource for CQI report for NB-IoT 16QAM.

3 Conclusions

In this contribution, we have discussed the remaining issues on 16QAM for NB-IoT. And the following observations and proposals are given:

Observations:

Observation 1: Option 5 for UL power allocation only provides a fixed power offset for 16-QAM.

Observation 2: For UL power allocation, compared with option 2, option 1 provides a finer power offset [image: image32.png]Arg



 for different TBS under the same MCS.

Observation 3: For UL power allocation, option 1 may cause a larger performance gap between QPSK and 16-QAM due to the power offset. 

Observation 4: For option 1 and 2 of CQI table, 
· The limited number of CQI states with 16QAM cannot adequately match the variety of channel conditions. 
· There is large SNR gap between the adjacent two CQI indices with NPDCCH repetition 1 and 16QAM TBS.
Observation 5: For CQI table, option 1 and option 2 are not aligned with the agreement, i.e. the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.

Observation 6: The channel quality for NPDSCH and NPDCCH can be reported separately based on different tables.
Observation 7: The existing MAC CE can be reused to report 4-bit CQI for NPDSCH if the UE receives a NPDSCH CQI command and 4-bit number of repetitions for NPDCCH if the UE receives a NPDCCH CQI command. 
Proposals:
Proposal 1: Confirm the working assumption for downlink power allocation for inband deployments.
Proposal 2: Option 4 from Cat 1 can be considered for open loop UL power allocation.

Proposal 3: Closed-loop power control should be adopted for 16-QAM

· The most significant bit of ‘subcarrier indication’ filed can be utilized to enable the dynamic power control.
· If dynamic power control is enabled, the “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices for 16-QAM and the MCS can be utilized to indicate the power offset.
Proposal 4: A new 4-bit CQI table should be defined for downlink 16QAM.

Proposal 5: There is no need to specify measurement reference resource for CQI report for NB-IoT 16QAM.
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