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1. Introduction
This tdoc discusses the design considerations to support the following objective from the Rel 17 NB-IOT/LTE-M work item [1]:

· 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 have been made so far:
Agreement

At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is select one option from following:

· Option 1: 4968 bits with ISF=7

· Option 2: 5072 bits with ISF=7

· Option 3: 5736 bits with ISF=7

· FFS on ISF>7 for this maximum TBS

FFS for inband deployments

Agreement

For DL power allocation, support signaling the ratio of NPDSCH EPRE to NRS EPRE. FFS signaling details, including how/whether to signal the ratio for the following cases

· NPDSCH in symbols without NRS and CRS
· NPDSCH in symbols with CRS (only for “In-band” deployment)

· NPDSCH in symbols with NRS

2. In-band Code Rate 

With the addition of 16-QAM and the possible increase of TBS, a new or at least modified TBS table will result. In release 14, the TBS table was updated to support higher TBS but unfortunately some entries in the table resulted in a code rate > 1 for the in-band deployment scenario, and are thus not usable (see entries in RED in below table). This issue has been discussed in the past and well documented by ZTE’s contribution [2]. The legacy TBS table is given in the following table, with the TBS entries where the code rate > 0.85 are highlighted in yellow: 

Transport block size (TBS) table for NPDSCH
	
[image: image1.wmf]TBS

I


	ISF  (NSF)

	
	0  (1)
	1  (2)
	2  (3)
	3  (4)
	4  (5)
	5  (6)
	6  (8)
	7  (10)

	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 


This results in many issues:
· It results in a very large difference in maximum speed for stand-alone vs in-band deployments. This discrepancy often leads to confusion for customers who expect to see consistent speed throughout a network and between networks. 
· This complicates the scheduler as the scheduler needs to know when it can and cannot use the larger TBS entries. 
· There are wasted entries in the table.  
Given all these reasons, this issue should be fixed when the TBS table is updated in this release. 
Given the above discussion, the following proposal is made:
Proposal 1:   TBS table(s) should be designed to support data rates of at least 180 kbps for all deployment scenarios (i.e. in-band, guard band, stand-alone)

3. Max DL TBS Value
As indicated in the WI [1], an increase the TBS is within the WI scope for the DL only.  The main motivation to increasing the TBS is to support higher peak UE data speeds. The main draw back is increased UE complexity in the form of increased soft buffer size, increased L2 buffer size, and increased decoding complexity.  
Since there are far fewer RE for the in-band deployment scenario than the guard band/stand alone scenarios, the resulting code rate is very different for different subframes or NSF:

	Scenario
	TBS
	NSF 
	Code Rate

	SA/GB
	4968
	10
	0.82

	SA/GB
	5072
	10
	0.84

	SA/GB
	5736
	10
	0.95

	In-band
	3390
	10
	0.85

	In-band
	4968
	10
	1.25

	In-band
	4968
	15
	0.83

	In-band
	5736
	17
	0.85


As seen from the above table, the code rate for the in-band vs GB/SA are very different. Even though the code rates are different, the same TBS table should be used for all scenarios.

Proposal 2:   The same TBS table should be used for all deployment scenarios

Code rates greater than 0.85 should be avoided as the decoder becomes very inefficient and would only be useful in extremely good coverage situations. 

Proposal 3:   For the SA/GB scenario, the TBS table should be designed such that the code rate is always <= 0.85. 

As seen from the above table, if the NSF is not expanded, the max TBS for the in-band scenario can only be 3390 bits which would result in a data rate of only ~170kbps. Where if the # or SF is expanded to 15, then a max TBS of 4968 can be support at a data rate of ~200kbps.
Proposal 4:   To support the in-band scenario, the maximum number of SFs (NSF) per TBS should be 15 (i.e. up from 10).
It is important that this feature be a firmware upgrade to as many devices as possible so great care should be taken to make sure the chosen maximum TBS is supported by the current chipset vendors. Given the above proposals and discussions the following proposal is made:

Proposal 5:   For all deployment scenarios, the max DL TBS should be 4968. 

4. TBS table and DCI Modifications

The above proposals can be support by the following TBS table:

	ITBS
	ISF    (NSF)

	
	0 (1)
	1 (2)
	2  (4)
	3  (6)
	4  (8)
	5  (10)
	6  (12)
	8  (15)

	0
	16
	32
	88
	152
	208
	256
	328
	392

	1
	24
	56
	144
	208
	256
	344
	424
	520

	2
	32
	72
	176
	256
	328
	424
	520
	648

	3
	40
	104
	208
	328
	440
	568
	680
	872

	4
	56
	120
	256
	408
	552
	696
	840
	1064

	5
	72
	144
	328
	504
	680
	872
	1032
	1320

	6
	328
	176
	392
	600
	808
	1032
	1224
	1544

	7
	104
	224
	472
	712
	968
	1224
	1480
	1800

	8
	120
	256
	536
	808
	1096
	1384
	1672
	2088

	9
	136
	296
	616
	936
	1256
	1544
	1864
	2344

	10
	144
	328
	680
	1032
	1384
	1736
	2088
	2664

	11
	176
	376
	776
	1192
	1608
	2024
	2408
	2984

	12
	208
	440
	904
	1352
	1800
	2280
	2728
	3368

	13
	224
	488
	1000
	1544
	2024
	2536
	3112
	3880

	14
	256
	552
	1128
	1736
	2280
	2856
	3496
	4264

	15
	280
	600
	1224
	1800
	2472
	3112
	3624
	4584

	16
	328
	632
	1288
	1928
	2600
	3240
	3880
	4968

	17
	336
	696
	1416
	2152
	2856
	3624
	4392
	

	18
	376
	776
	1544
	2344
	3112
	4008
	4776
	

	19
	408
	840
	1736
	2600
	3496
	4264
	
	

	20
	440
	904
	1864
	2792
	3752
	4584
	
	

	21
	488
	1000
	1992
	2984
	4008
	4968
	
	


Note: Blue Entries are only useful for standalone and guard band deployments
The above table requires the Modulation and Coding Scheme (ITBS) DCI field to expand from 4 bits to 5 bits. There is no need to expand the resource assignment field ISF because the above table was constructed by removing columns for NSF=3 and 5 and adding NSF=12 and 15. If an extra bit is added to the resource assignment field ISF​, then NSF=3 and 5 could still be supported as well as other NSF.  
Proposal 6:   Adopt the above TBS table to support max TBS =4968 for all deployment scenarios (in-band, standalone, guard band)
Proposal 7:   Increase the Modulation and coding scheme DCI field from 4 to 5 bits
Preliminary studies indicate that around ITBS=7-9 is a good point to switch from QPSK to 16 QAM but this needs more study. Since the code rate for in-band vs GB/SA is different, the optimal switch point will be different for the different scenarios so two different Modulation and TBS index tables maybe needed.
5. Conclusions
Proposal 8:   TBS table(s) should be designed to support data rates of at least 180 kbps for all deployment scenarios (i.e. in-band, guard band, stand-alone)

Proposal 9:   The same TBS table should be used for all deployment scenarios

Proposal 10:   For the SA/GB scenario, the TBS table should be designed such that the code rate is always <= 0.85. 

Proposal 11:   To support the in-band scenario, the maximum number of SFs (NSF) per TBS should be 15 (i.e. up from 10).

Proposal 12:   For all deployment scenarios, the max DL TBS should be 4968. 

Proposed TBS table:

	ITBS
	ISF    (NSF)

	
	0 (1)
	1 (2)
	2  (4)
	3  (6)
	4  (8)
	5  (10)
	6  (12)
	8  (15)

	0
	16
	32
	88
	152
	208
	256
	328
	392

	1
	24
	56
	144
	208
	256
	344
	424
	520

	2
	32
	72
	176
	256
	328
	424
	520
	648

	3
	40
	104
	208
	328
	440
	568
	680
	872

	4
	56
	120
	256
	408
	552
	696
	840
	1064

	5
	72
	144
	328
	504
	680
	872
	1032
	1320

	6
	328
	176
	392
	600
	808
	1032
	1224
	1544

	7
	104
	224
	472
	712
	968
	1224
	1480
	1800

	8
	120
	256
	536
	808
	1096
	1384
	1672
	2088

	9
	136
	296
	616
	936
	1256
	1544
	1864
	2344

	10
	144
	328
	680
	1032
	1384
	1736
	2088
	2664

	11
	176
	376
	776
	1192
	1608
	2024
	2408
	2984

	12
	208
	440
	904
	1352
	1800
	2280
	2728
	3368

	13
	224
	488
	1000
	1544
	2024
	2536
	3112
	3880

	14
	256
	552
	1128
	1736
	2280
	2856
	3496
	4264

	15
	280
	600
	1224
	1800
	2472
	3112
	3624
	4584

	16
	328
	632
	1288
	1928
	2600
	3240
	3880
	4968

	17
	336
	696
	1416
	2152
	2856
	3624
	4392
	

	18
	376
	776
	1544
	2344
	3112
	4008
	4776
	

	19
	408
	840
	1736
	2600
	3496
	4264
	
	

	20
	440
	904
	1864
	2792
	3752
	4584
	
	

	21
	488
	1000
	1992
	2984
	4008
	4968
	
	


Note: Blue Entries are only useful for standalone and guard band deployments

Proposal 13:   Adopt the above TBS table to support max TBS =4968 for all deployment scenarios (in-band, standalone, guard band)
Proposal 14:   Increase the Modulation and coding scheme DCI field from 4 to 5 bits
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