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Introduction
In the RAN1 103-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, 536]
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	[328, 296]
	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, 2536]
	2984
	4008
	4968


· FFS: Support of legacy TBS indices with 16-QAM at least for some deployment modes.
· FFS: Mapping of (a subset of) TBS entries to modulation schemes for different deployment modes.
· FFS for I_SF > 7
Agreement
Repetitions larger than 2 are not supported in case of 16QAM for downlink
· FFS: Whether repetition of 2 is supported or not
In this contribution, first we investigate the MCS table and corresponding CQI report mechanism, secondly we restate our viewpoint on applicability of repetition for 16QAM downlink.
MCS table design and CQI report
MCS table design
According to above WA, there are 8 extended TBS indices originating from legacy LTE TBS table. This requires extending MCS field in DCI from 4 bits to 5 bits. Comparing to 4 bits MCS field solution (i.e. down-sampling solution), extending solution has more MCS indices and make more precise scheduling possible. On the other hand, as stated by Figure 3 in [3], the increased 1 bit DCI size has negligible impact on the NPDCCH decoding performance. Furthermore, we can limit the extended DCI to USS and associate it with 16QAM configuration in RRC signaling. Thus there is no problem on DCI blind decoding and backward compatibility.
Proposal1：The size of the MCS field in DCI N1/N0 in UE-specific search space is increased to 5 bits.
CQI report for Downlink 16QAM 
[bookmark: _Toc23506461]The importance of CQI report for Downlink 16QAM scheduling is obvious. As we know, channel quality report can be put in Msg3 since R16 and the channel quality corresponds to the repetition achieving 1% BLER for the NPDCCH. However this metric isn’t suitable for 16QAM because it has no repetition. To solve this, [4] put forwards a solution to add 3 additional indices in Table 9.1.22.15-1 in 36.133. Thus R17 UEs can report one of these 3 indices in Msg3, or in AS RAI MAC upon receiving DCQR. If the modification to CQI report mechanism stops here, we have to face 2 obvious drawbacks, the first one is the CQI indices are too less to cover all 8 MCS indices, the second is the report latency is too large due to MAC CE method is based on Layer 2. If our design bases on suggested 5 bits MCS field in DCI, there will be a better solution. That is we can design a Layer1 solution in addition to Layer2 solution. For 5 bits MCS field, the 23 ~31 indices are spare, we can define the 31st index (0x11111) as a mark which indicates the DCI N0 is a request command for CQI report. When UE receives this specific DCI N0, it should provide the CQI report in the corresponding NPUSCH. Figure1 is the so called Layer1 CQI report diagram. For convenient comparison, Figure2 illustrates the legacy Layer2 CQI report diagram.
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Figure1. Layer1 CQI report diagram
[image: ]
Figure2. Legacy Layer2 CQI report diagram

Combining the proposal1, to implement layer1 solution, the MCS table should be like Table1.Considering the CQI is just 3bits, TBS Index 0 and QPSK are enough to carry it. 
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12
	2
	12

	13
	2
	13

	14
	4
	14

	15
	4
	15

	16
	4
	16

	17
	4
	17

	18
	4
	18

	19
	4
	19

	20
	4
	20

	21
	4
	21

	reserved
	…
	…

	31
	2
	0


Table 1: DL MCS table for NB-IOT 16QAM

Accordingly the mapping between MCS index and CQI index is illustrated by Table 2.
	MCS Index
[image: ]
	Modulation Order
[image: ]
	CQI Index


	14
	4
	0

	15
	4
	1

	16
	4
	2

	17
	4
	3

	18
	4
	4

	19
	4
	5

	20
	4
	6

	21
	4
	7


Table 2: CQI index table
Except for the MCS field, the remaining field of DCI N0 keeps the same as before. Thus CQI report can share the same scheduling procedure as legacy NPUSCH including retransmission. Above discussion is just an example for the SA/GB operation mode. There will be a simple adjustment in Table1/Table2 for IB operation mode if RAN1 accept this Layer1 solution. Layer1 solution has very low latency than Layer2, We can find the latency of Layer1 solution is just 16ms, is less than half of Layer2 solution i.e. 40ms as illustrated by following Figure.
[image: ]
 
Proposal2: Introduce Layer1 CQI report method by utilizing spare index of MCS field (5 bits) in DCI N0.
Applicability of repetition for 16QAM
As we know, besides the time diversity gain, the repetition method essentially is an exchange between power/time resource and SNR. Here we consider two possible scenarios for repetition, one is using repetition-16QAM to replace normal 16QAM, and the other one is using repetition-16QAM to replace normal QPSK. Considering most of NB-IOT application scenarios are low speed and there is no fading channel, we did simulation based on approved simulation consumption i.e. AWGN. We select 3 typical cases to compare and Table 3 is the configuration detail, Figure 3/4/5 are the results. Here are 3 temporary definitions for convenience: 
· Repetition-16QAM: with repetition
· Normal 16QAM: without repetition
· Normal QPSK: without repetition
	
	With 1 Repetition
	without repetition
	without repetition

	Figure3
	16QAM
TBS=488 bits
RU length=1 sub-frame
Total time resource=2 ms
	16QAM
TBS=552 bits
RU length=2 sub-frames
Total time resource=2 ms
	QPSK
TBS=488
RU length=2 sub-frames
Total time resource=2 ms

	Figure4
	16QAM
TBS=1000
RU length=2 sub-frames
Total time resource=4 ms
	16QAM
TBS=1128
RU length=4 sub-frames
Total time resource=4 ms
	QPSK
TBS=1000
RU length=4 sub-frames
Total time resource=4 ms

	Figure5
	16QAM
TBS=2472
RU length=5 sub-frames
Total time resource=10 ms
	16QAM
TBS=2856
RU length=10 sub-frames
Total time resource=10 ms
	QPSK
TBS=2536
RU length=10 sub-frames
Total time resource=10 ms



Table 3: Typical cases for repetition investigation


Figure3: BLER on 1ms and 2ms RU

Figure4: BLER on 2ms and 4ms RU

Figure5: BLER on 5ms and 10ms RU
From above simulation, we can observe that the repetition-16QAM is worse more than normal QPSK. Even comparing to normal 16QAM which has larger TBS (means higher code rate), the repetition-16QAM still be worse more than 1 db.
Proposal3: no repetition for 16QAM.
Conclusions
According to above discussion, we find that extending MCS field in DCI is simple and better method to support 16QAM and is suitable to support Layer1 CQI report method to decrease the report latency. Then we restate our viewpoint on applicability of repetition for 16QAM downlink.
Proposal1: The size of the MCS field in DCI N1/N0 in UE-specific search space is increased to 5 bits.
Proposal2: Introduce Layer1 CQI report method by utilizing spare index of MCS field (5 bits) in DCI N0.
Proposal3: no repetition for 16QAM.
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