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Introduction
In the “New WID on Rel-17 enhancements for NB-IoT and LTE-MTC” ‎[1], one of the objectives is to introduce 16QAM for NB-IoT R17.
· 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]

There are two key aspects in the objectives, i.e., foreseeable changes in TBS table and CQI reporting mechanism. In this contribution, we discuss the details of these two aspects.
Considerations on TBS setting
Intended Throughput and Latency
NB-IoT is in many markets replacing GSM/GPRS for IoT usage. Requirements are diverse and while NB-IoT meet some part of requirements well (e.g. for stationary meters), others need enhancement, in particular:
· Tracker application reporting at high rate, e.g. once/s, once/2s.
· File download(e.g. FOTA)
· Media applications, e.g. kids toy with audio, smart home VAD (Voice Assistant Device) 
Examples of IoT application that demand higher NB-IoT data rates are given in Table 1. Examples of IoT application that demand lower NB-IoT latency are given in Table 2.
	Applications 
	Description
	Typical Data Rates 

	FOTA
	Software upgrade
	250 kbps~300 kbps

	Health/fitness
	Heartbeat monitoring
	192 kbps~256 kbps

	Smart home VAD
(Voice Assistant Device)
	Voice command for remote control
	200 kbps


[bookmark: _Ref24038387]Table 1: IoT applications that demand higher NB-IoT data rate
	Applications 
	Latency Requirement 

	POS (point of sale) Machine
	500 ms ~ few sec

	Smart Grid Demand Response
	500 ms

	Smart Door (lock/unlock)
	600 ms


Table 2: IoT applications that demand lower NB-IoT latency
Considering above requirement and it is expected that the additional hardware complexity will not add significantly to the cost of the NB-IoT UE, we propose to increase the NB-IoT device data rates by use of 16QAM modulation to 248.4 kbps from 126.8 kbps for DL and to 206 kbps at least from 158.5 kbps for UL. The following mechanisms are proposed to be introduced.
Analysis to the increase of data rate
[bookmark: _Toc23506461]The theoretical peak data rate for Rel-14 2 HARQ with TBS 2536 bits for non-anchor carrier in standalone mode for the DL and UL peak data rate is summarized in Table 3.
	R14 stand alone, non-anchor carrier
	DL
	UL

	Peak data rate
	126.8 kbps
	158.5 kbps


Table 3: R14 peak data rate for non-anchor carrier in standalone mode
· [bookmark: _Hlk18843416]DL peak data rate analysis for 16QAM 
To support 16QAM, the TBS tables for DL are extended. Table 4 gives an example to specify the NPDSCH TBS extension by adding TBS index ITBS 14 to ITBS 21 (highlighted in yellow) for 16QAM and to have max DL TBS 4968 bits corresponding to code rate 0.82. Then, without changing the HARQ RTT and scheduling delay timing relationship specified in R14, the DL peak data rate can achieve 248.4 kbps as analyzed in Figure 1, which almost doubles the DL peak data rate as compared to R14. Note that Rmax=4 and G=2 are assumed, which are the same settings as the R14 peak data rate analysis.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328
	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


Table 4: Transport block size (TBS) table to support 16QAM for NPDSCH


Figure 1: DL peak data rate for 16QAM with max TBS 4968 bits
· UL peak data rate analysis for 16QAM 
As stated in [1], the UL maximum TBS is not increased. Consequently the increase of data rate should rely on shortening transmission time. We also extend the NPUSCH TBS table by adding TBS index ITBS 14 to ITBS 21 (highlighted in yellow) to support 16QAM as illustrated in Table 5, however delete TBS which is more than 2536 bits. Based on the scheduling framework in Figure 2, taking the 3 TBS highlighted in blue as example, the UL peak data rates are illustrated in Table 6.
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	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	Null

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	Null

	16
	328
	632
	968
	1288
	1608
	1928
	Null
	Null

	17
	336
	696
	1064
	1416
	1800
	2152
	Null
	Null

	18
	376
	776
	1160
	1544
	1992
	2344
	Null
	Null

	19
	408
	840
	1288
	1736
	2152
	Null
	Null
	Null

	20
	440
	904
	1384
	1864
	2344
	Null
	Null
	Null

	21
	488
	1000
	1480
	1992
	2472
	Null
	Null
	Null


Table 5: Transport block size (TBS) table to support 16QAM for NPUSCH
[image: ]
Figure 2: UL peak data rate for 16QAM with max TBS 2472 bits

	

	

	TBS
	RU length
	Code rate
	Transmission time
	Data rate

	15
	4
	2472
	8 ms
	0.52
	32 ms (4 PDCCH cycles)
	154.5Kbps

	18
	5
	2344
	6 ms
	0.66
	24 ms (3 PDCCH cycles)
	195.3Kbps

	21
	6
	2472
	5 ms
	0.82
	24 ms (3 PDCCH cycles)
	206.0Kbps


Table 6: UL data rate for 3 Examples
From Table 6, we can find that the increase for UL data rate is not so significant. Considering UL could share the DL buffer at the UE side, if we keep UL maximum TBS as the DL, i.e., 4968bits. Without increase to the cost, we can get 4968*2/32ms=310.5 kbps UL data rate. We propose UL maximum TBS should keep same as DL.
[bookmark: _Toc18845146][bookmark: _Toc21129861][bookmark: _Toc24124710][bookmark: _Toc21129867]Adding TBS index ITBS 14 to ITBS 21 in NB-iot TBS table, DL maximum TBS should be extended to 4968 bits. UL maximum TBS should be extended to 4968 bits to get 310.5kbps UL data rate.
Corresponding CQI Requirement 
In In order to facilitate the MCS scheduling of network, it’s necessary to introduce 3bits CQI as illustrated in Table 7. This could help network to make more precise resource scheduling. 
	CQI index
	modulation
	code rate x 1024
	efficiency
	


	0
	16QAM
	480
	1.8750
	14

	1
	16QAM
	532
	2.0781
	15

	2
	16QAM
	552
	2.1563
	16

	3
	16QAM
	614
	2.3984
	17

	4
	16QAM
	675
	2.6367
	18

	5
	16QAM
	727
	2.8398
	19

	6
	16QAM
	778
	3.0390
	20

	7
	16QAM
	839
	3.2773
	21


Table 7: CQI index table 
Accordingly the MCS index is extended by adding index 14 to 21 as illustrated by Table 8.
	MCS Index
[image: ]
	Modulation Order
[image: ]
	TBS Index
[image: ]

	14
	4
	14

	15
	4
	15

	16
	4
	16

	17
	4
	17

	18
	4
	18

	19
	4
	19

	20
	4
	20

	21
	4
	21


Table 8: CQI index table
[bookmark: _Toc24124713]Adding an 8 levels CQI index intended for more precise resource scheduling. 
Considerations on CQI reporting mechanism 
Considering the 16QAM capable NB-IOT UEs are suitable for some mobile applications such as tracker, health, and fitness, dynamic CQI feedback is beneficial. Based on the NB-Iot Re14~16 framework, we propose 2 solutions here. They are reporting in Layer2 and Layer1 respectively.
3.1 Reporting in Layer2
Since the NB-IOT R16 has MAC CE DCQR to achieve aperiodic feedback for channel quality (UE desired repetition number) and RAI. For read convenience, we paste DCQR related text from 36.321 g10 here, it rationale to use similar way to define a Mac CE for CQI reporting and we could inform RAN2 for further research later.
[bookmark: _Toc37256313][bookmark: _Toc37256467][bookmark: _Toc46500406]6.1.3.18	Downlink Channel Quality Report Command MAC Control Element
DCQR Command MAC control element is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1.
It has a fixed size of zero bits.
[bookmark: _Toc37256314][bookmark: _Toc37256468][bookmark: _Toc46500407]6.1.3.19	Downlink Channel Quality Report and AS RAI MAC Control Element
[bookmark: _Hlk34729379][bookmark: _Hlk34729364]DCQR and AS RAI MAC control element is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2. A MAC PDU shall contain at most one DCQR and AS RAI MAC control element.
It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.19-1):
-	R: Reserved bit, set to "0";
-	AS RAI: The field corresponds to Access Stratum Release Assistance Indication as shown in Table 6.1.3.19-1. The length of the field is 2 bits;
-	Quality Report: For an NB-IoT UE, the field corresponds to CQI-NPDCCH-NB as defined in TS 36.331 [8]. For a BL UE or UE in CE, the field corresponds to DL channel quality report as defined in TS 36.133 [9]. The length of the field is 4 bits.


Figure 6.1.3.19-1: DCQR and AS RAI MAC control element
Table 6.1.3.19-1: Values for AS RAI
	Codepoint/Index
	Value

	00
	No RAI information

	01
	No subsequent DL and UL data transmission is expected

	10
	A single subsequent DL transmission is expected

	11
	Reserved



3.2 Reporting in Layer1
On the other hand, since the MAC CE has much higher latency, mechanism in Physical layer could achieve better. Similar to LTE’s aperiodic feedback by utilizing specific DCI + PUSCH, NB-IOT may use specific DCI herein called DCI N0-A which could be got by simply modifying legacy DCI N0. For example, in Table 9, DCI N0 has been added 1 bit to indicate whether it is intended to CQI report scheduling. Similar to the Multi-TBs feature, a new high layer parameter should be introduced which may be named as Npusch-CQI-Config.
	Information
	Size [bits]
	Possible Settings

	Flag for format N0/N1
	1
	DCI N0 or DCI N1

	Subcarrier indication
	6
	

	NPUSCH scheduling delay
	2
	

	DCI subframe repetition number
	2
	

	Number of RUs
	3
	

	Number of NPUSCH repetition
	3
	

	MCS
	4
	

	Redundancy version
	1
	

	New data indicator (NDI)
	1
	

	Multi-TBs indication
	1
	

	HARQ process number 
	1
	

	Resource reservation
	1
	

	CQI report indicator
	1
	This field is only present if higher layer parameter npusch-CQI-Config is enabled and the corresponding DCI is mapped onto the UE specific search space given by the C-RNTI.


[bookmark: _Ref525231144]Table 9 Example for DCI Format N0-A used for CQI reporting in Release 17
3.3 Latency comparison between above 2 solutions
Figure 3 show the signaling flow for the above 2 solutions, shadow part means that the L1 layer solution saves much time for once CQI reporting. The latency difference is 24ms as illustrated in Figure 4. Note that Rmax=4 and G=2 are assumed, which are the same settings as the R14 peak data rate analysis.
[image: ]
Figure 3: Signaling flow for CQI reporting

[image: ]
Figure 4: Latency difference between DCQR and DCI solution
3.4 16QAM capability reporting 
If we want to schedule 16QAM transmission starting from Msg4, accordingly UE should report 16QAM capability in Msg3, i.e., RRC Connection Request. 3 bits CQI reporting should be introduced into RRC connection Request message and it implies 16QAM capability. By receiving the CQI, network could start to schedule 16QAM for Msg4 transmission. 
If we just want to schedule 16QAM transmission starting from Msg5, UE could report 16QAM capability by choosing specific RACH preamble which is similar to reporting Msg3 multi-tones capability. Network could configure 16QAM transmission in Msg4 and request CQI reporting in USS before Msg5 scheduling.
In addition, we may use the traditional way to report the 16QAM capability in Attach message, it’ll be much late to use 16QAM, and it will decrease the benefit from 16QAM.
[bookmark: _Toc24124715][bookmark: _GoBack]Considering the latency performance, we propose to introduce a new DCI N0 type for aperiodic CQI reporting.
[bookmark: _Toc24124716]UE should inform 16QAM capability in Preamble or Msg3 stage.
Conclusions
In this contribution we have discussed some key aspects of introducing 16QAM for NB-IOT. In summary, we have the following proposals:
1. Adding TBS index ITBS 14 to ITBS 21 in NB-iot TBS table, DL maximum TBS should be extended to 4968 bits. UL maximum TBS should be extended to 4968 bits to get 310.5kbps UL data rate.
Adding an 8 levels CQI index intended for more precise resource scheduling. 
Considering the latency performance, we propose to introduce a new DCI N0 type for aperiodic CQI reporting.
UE should inform 16QAM capability in Preamble or Msg3 stage.
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