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Introduction
In the RAN1 104-e meeting, following agreements have been captured in [1].
Working Assumption 
· The following TBS indices are introduced for downlink
	I_TBS
	I_SF

	
	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
	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


· I_SF>7 is not supported in Rel-17.

Agreement
· Repetition is not used for 16-QAM in uplink.
Agreement
· Repetition of 2 is NOT supported for 16-QAM in downlink 
There is company insists the simulation should base on fading channel and accordingly we did further simulation to confirm whether majorities’ view (ITBS 14) is suitable or not. At the same time, repetition is not supported for 16QAM has been confirmed, it’s time to discuss the DCI fields related to supporting 16QAM.
Analysis and Discussion
Further investigation to switching point in Downlink TBS indices
In order to identify what’s the best switching point, since Ran1 103# meeting, many companies provided simulation results based on simulation assumption from RAN1 102# meeting, i.e. AWGN channel. According to the simulation results and other considerations, majorities concluded that the switching point should be ITBS=14 for downlink SB/GB. However, [4] declared that the main objective of introducing 16QAM is aiming at mobile scenarios, consequently simulation should base on fading channel and proposed that switching point should be ITBS=12 for downlink SB/GB. At the end of 104# meeting, this difference was discussed again and providing simulation result based on fading channel was encouraged. Considering the difference is whether switching point should move from ITBS=14 down to ITBS=12 or not, our simulation focus on ITBS=12/13.
For DL 1T1R Standalone operation mode, Figure 1 and Figure 2 show the simulation result for ETU1 and ETU5, respectively. For ITBS=12 and ETU=1Hz, the performance of QPSK is better than 16QAM about 2.0dB. For ITBS=13 and ETU=1Hz, the performance of QPSK is almost the same as 16QAM. For ITBS=12 and ETU=5Hz, the performance of QPSK is better than 16QAM about 1.6dB. For ITBS=13 and ETU=5Hz, the performance of QPSK is almost the same as 16QAM.
For DL 2T1R Standalone operation mode, Figure 3 and Figure 4 show the simulation result for ETU1 and ETU5, respectively. For ITBS=12 and ETU=1Hz, the performance of QPSK is better than 16QAM about 2.9dB. For ITBS=13 and ETU=1Hz, the performance of QPSK is better than 16QAM about 1.8dB. For ITBS=12 and ETU=5Hz, the performance of QPSK is better than 16QAM about 2.8dB. For ITBS=13 and ETU=5Hz, the performance of QPSK is better than 16QAM about 1.5dB.

[image: cid:image024.png@01D71F00.54B9E910]
Figure 1 NPDSCH BLER of standalone mode, ITBS=12/13, Isf = 4, QPSK vs. 16QAM with 1T1R and in ETU1
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Figure 2 NPDSCH BLER of standalone mode, ITBS=12/13, Isf = 4, QPSK vs. 16QAM with 1T1R and in ETU5
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Figure 3 NPDSCH BLER of standalone mode, ITBS=12/13, Isf = 4, QPSK vs. 16QAM with 2T1R and in ETU1
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Figure 4 NPDSCH BLER of standalone mode, ITBS=12/13, Isf = 4, QPSK vs. 16QAM with 2T1R and in ETU5
For convenience, we put the comparison in following Table 1, and we can observe that QPSK is much better than 16QAM in most cases. 
Table 1 Summary of simulation results
	Antenna
	Channel
	ITBS
	QPSK >16QAM 

	1T1R
	ETU1
	12
	2.0dB

	
	
	13
	0.1dB

	
	ETU5
	12
	1.6dB

	
	
	13
	0.1dB

	2T1R
	ETU1
	12
	2.9dB

	
	
	13
	1.8dB

	
	ETU5
	12
	2.8dB

	
	
	13
	1.5dB


Therefore, we propose:
Proposal1：ITBS=14 and ITBS=11 are switching point for SB/GB and IB, respectively.
Consideration on DCI design
[bookmark: _Toc23506461]In last RAN1 meeting, progress was achieved with regard to whether repetition is support or not.  
Agreement
· Repetition is not used for 16-QAM in uplink.
Agreement
· Repetition of 2 is NOT supported for 16-QAM in downlink 
Since repetition is not supported for 16QAM, the repetition number fields in DCI should be invalid, i.e. 3 spare bits for DCI N0 and 4 spare bits for DCI N1. This greatly makes it easy to implement 16QAM related scheduling.
Firstly, in order to achieve better granularity of TB scheduling, adding ITBS11~ ITBS21 has been agreed which requires 5-bits MCS field in DCI. Without increasing DCI size, both MCS fields in DCI N0 and DCI N1 can borrow 1 bit from the spare bits to reach it.
Secondly, as mentioned in [2] and [3], except for the downlink channel quality reporting in legacy NB-IOT, L1 layer reporting method is important and necessary. The straightforward way is reusing the LTE/e-MTC CQI reporting mechanism. Specifically considering NB-IOT’s characteristics, the reporting method is much simpler than LTE/e-MTC. As we know, the most application for NB-IOT is burst data transmission, the periodic reporting will waste limited resource in this situation. Therefore, periodic reporting should not be supported for NB-IOT. For the aperiodic reporting, due to NB-IOT just uses one physical RB and transmission mode is fixed, reporting mode should be very simple and added 1 bit is enough to indicate reporting request. And the added 1 bit also can borrow from the repetition number fields.
Observation1: Aperiodic CQI reporting should be supported in NB-IOT R17.
In legacy NB-IOT, the reported repetition number is derived from the measurement on NRS in downlink sub-frames. NB-IOT R17 also can base on the same measurement framework. There is no need to define extra measurement reference resource.
Observation2: There is no need to define extra measurement reference resource for CQI reporting.
Even UE stays in 16QAM enable state, in view of the time variation of mobile channel, it’s still possible to use QPSK when UE encounters relatively poor channel quality. Therefore, the range of reported CQI value should cover both QPSK and 16QAM, i.e. at least 3-bits of CQI value is expected. This still has no problem because capacity of NPUSCH is enough. 
Observation3: The CQI table should cover both QPSK and 16QAM.
Based above discussions, following proposals are proposed:
Proposal2: Reuse 1 bit from the spare bits to reach 5 bits MCS field both in DCI N0 and DCI N1.
Proposal3: Reuse 1 bit from the spare bits to indicate CQI reporting request in DCI N0.
Conclusions
We have following observations and proposals:
Observation1: Aperiodic CQI reporting should be supported in NB-IOT R17.
Observation2: There is no need to define extra measurement reference resource for CQI reporting.
Observation3: The CQI table should cover both QPSK and 16QAM.
Proposal1：ITBS=14 and ITBS=11 are switching point for SB/GB and IB, respectively
Proposal2: Reuse 1 bit from the spare bits to reach 5 bits MCS field both in DCI N0 and DCI N1.
Proposal3: Reuse 1 bit from the spare bits to indicate CQI reporting request in DCI N0.
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