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[bookmark: OLE_LINK23]Background

The current TBS table was introduced in Release 13, there is no update after since then. It was found that for several of the largest TBS values in the table, because of the extremely high coding rate without the redundancy versions, there is a severe degradation in performance that prevent schedule from actually using them, especially for the use case of high code rate with large data.
In this paper, we discuss solution to fix this issue.  
Discussion
2.1 Performance gain by increasing RU number
The legacy TBS table is given in the following table, with the high code rate TBS value highlighted.

Table 1: Transport block size (TBS) table for NPDSCH.
	

	


	
	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
	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 


Note that the yellow values in the table can be used for standalone scenario and the green values is used for in-band scenario. The corresponding code rate for these TBS fields in standalone and in-band scenario are listed in the following table:
Table 2: High coding rate for largest TBS values
	

	

	TBS
	Code rate for standalone scenario 
	Code rate for in-band scenario

	6
	5 (6)
	600
	0.329
	0.500

	
	6 (8)
	808
	0.332
	0.505

	
	7 (10)
	1000
	0.329
	0.500

	9
	5 (6)
	936
	0.513
	0.780

	
	6 (8)
	1256
	0.516
	0.784

	
	7 (10)
	1544
	0.508
	0.772

	10
	5 (6)
	1000
	0.548
	0.833

	
	6 (8)
	1384
	0.569
	0.865

	
	7 (10)
	1736
	0.571
	0.868

	11
	5 (6)
	1192
	0.653
	0.993

	
	6 (8)
	1608
	0.661
	Not supported

	
	7 (10)
	2024
	0.666
	

	12
	5 (6)
	1352
	0.741
	

	
	6 (8)
	1800
	0.740
	

	
	7 (10)
	2280
	0.750
	

	13
	5 (6)
	1544
	0.846
	

	
	6 (8)
	2024
	0.832
	

	
	7 (10)
	2536
	0.834
	



Assume that the available RE number for standalone scenario is 152(12*14-4*4(NRS)=152) and 100 (14*12-4*4(NRS)-12*3( PDCCH)- 4*4(CRS) = 100) for in-band scenario. Based on this, the code rate in the inband scenario is 1.52 times that in the standalone scenario. For the case of , the values in the table would cause the code rate larger than or almost equal to 1. Obviously these TBS values should not be supported to schedule the corresponding TBs.
Large TBS case without RVs which brings the coding gain shows the terrible performance. To reduce the high code rate, one simple solution is to double the number of RU, at the same time halve the number repetition. This will effectively reduce the coding rate by half. In the following simulation, it is shown that as large as 2.7dB performance difference in standalone scenario can be observed.
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Figure 1. =13, TBS={1544,2536}
[image: 936bit][image: 1544bit10RU]
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Figure 2. =9, TBS={936,1544}
More specifically, the detailed performance comparison by combining simulation results is shown in the following table.
Table 2: Detailed performance comparison
	

	TBS
	RU number 
	Repetition number 
	Code rate
	SNR point at BLER=10%
	Performance improvement

	13
	2536 bits
	10
	16
	0.834
	-1.4 dB
	2.4 dB

	
	
	20
	8
	0.417
	1  dB
	

	
	1544 bits
	6
	16
	0.846
	-1.9  dB
	2.7dB

	
	
	12
	8
	0.423
	0.8  dB
	

	9
	1544 bits
	10
	16
	0.508
	-4.1  dB
	0.8dB

	
	
	20
	8
	0.254
	-3.3  dB
	

	
	936 bits
	6
	16
	0.513
	-3.4  dB
	0.7dB

	
	
	12
	8
	0.257
	-2.7  dB
	


Based on the performance comparison result, we have the following observations.
Observation 1: 
For the large TBS case, increasing the mapping RU number while keeping the total resources unchanged improve performance more than 2 dB.
Observation 2: 
If the code rate is larger than 0.5, double RUs number brings the SNR gain more than 0.5dB

Based on the observation 2, the TBS in table 1 beside the yellow values can be extended to the green ( ) for the in-band scenario. Additionally, for the large TBS case, the code rate may be larger than 1, which would cause the large TBS is useless.
Observation 3: 

For case of  for in-band scenario, The TBS values may cause code rate larger than or almost equal to 1, which can be avoided by increasing RU number.
Proposal 1: Doubling subframes number can be considered to improve the performance with high code rate.

Proposal 2: For the case of , the subframes number double and the repetition number reduce by half.

2.2 Soft buffer impact 
In legacy NB-IoT, due to single RV in the downlink, an UE will never receive more than 3200 coded bits for the same TB (this is achieved by 10 subframes encoding x 160 RE/subframe x 2 bits/RE). According to the current soft channel bits storage method, increasing RU number may have an impact on the soft buffer. For example, when 2 TB needs retransmission with mapping on 20 RUs, the corresponding soft buffer size may need 6400*2 bits. This is based on the assumption that the RE number is 160 in one RU. 
However, in most scenarios, exceeding the maximum buffer size would not happen.
Scenario 1: Only 1 TB is transmitted for 2 HARQ process capability UE
For 2 HARQ process capability UE, if only one TB is transmitted or retransmitted, the maximum buffer size needed is 3200bit for 10 RU and 6400bits for 20 RU. Therefore, the corresponding soft buffer size to one TB would not exceed the maximum buffer size. 
Scenario 2: 2 TB is transmitted for 2 HARQ process capability UE
· Scenario 2.1: Guardband and standalone 
Only in the case that 2 TB needs retransmission, the required buffer size may exceed the maximum soft buffer size. However, even in this case, this can be solved by the UE implementation similar with 10 HARQ processes for TDD based on the 8 HARQ processes buffer. More specifically, when 2 TB needs retransmission (Note the error probability of this happening is very low at approximately 1%), after receive the first retransmitted TB, the UE can drop the second retransmitted TB. We also note that the eNB can also avoid this situation with scheduling when two NACK are received.
· Scenario 2.2: In-band  
For the in-band case, the CRS REs and PDCCH region should be reserved. Assume that 4 CRS ports are needed, the first 3 symbols are used for LTE PDCCH, and 2 NRS ports, the actual RE number in one RU for NB-IoT UE is 14*12-4*4(NRS)-12*3( PDCCH)- 4*4(CRS) = 100. Based on this calculation, the required buffer size for 12 RU of 1 HARQ process is 12*100*2=2400bits, 3200bits for 16 RU, which does not exceed the maximum buffer size.

Additionally, for the in-band coexistence case, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources. If slot/symbols is reserved in every RU of 20 RU, the dropped RE number would larger than 20 in one RU, which means that the reserved RE number would be less than 80. Based on this, the needed buffer size for 20 RU of 1 HARQ process is less than 20*80*2=3200bits, which would not exceed the maximum buffer size when 2 TBs are retransmitted.
· Scenario 3: TBS less than 3200/3 bits
For the case of TBS less than 3200/3 bits (assuming that the turbo coding rate is 1/3), the UE buffer with maximum 3200 bits is enough to store the soft channel bits. Therefore, based on this case, if the RU number is extended to 20 RU, the maximum soft channel bits would be no less than 3200 bits.
Based on above analysis, the scenario that require buffer size increase is extremely low, and even if it happens, UE can drop the extra LLR. The performance of the latter case is at least similar as the performance of current implementation.
 Observation 4: There is no need to change the UE soft buffer size.


Proposal 3: Introduce two new RRC parameters for supporting high code rate enhancement:
· UE capability NPDSCH-eHCodeRate-NB
· RRC configuration NPDSCH-eHCodeRate-NB
Concusion
In this paper , we discuss solution to solve the issue of high code rate TBS. We have the following observation and conclusion:

Observation 1: 
For the large TBS case, increasing the mapping RU number while keeping the total resources unchanged improve performance more than 2 dB.
Observation 2: 
If the code rate is larger than 0.5, double RUs number brings the SNR gain more than 0.5dB
[bookmark: _GoBack]
Observation 3: 

For case of  for in-band scenario, The TBS values may cause code rate larger than or almost equal to 1, which can be avoided by increasing RU number.

Observation 4: There is no need to change the UE soft buffer size.

Proposal 1: Doubling subframes number can be considered to improve the performance with high code rate.

Proposal 2: For the case of , the subframes number double and the repetition number reduce by half.

Proposal 3: Introduce two new RRC parameters for supporting high code rate enhancement:
· UE capability NPDSCH-eHCodeRate-NB
· RRC configuration NPDSCH-eHCodeRate-NB

Text proposal for 36.213

<Unchanged parts are omitted>
The resource allocation information in DCI format N1, N2 (paging) for NPDSCH indicates to a scheduled UE

if NPDSCH-eHCodeRate-NB was configured by RRC for the case 

-	the number of resource units is  in the corresponding DCI according to Table 16.4.1.3-1.

-	the repetition number is   in the corresponding DCI according to Table 16.4.1.3-1.
else 


-	a number of subframes () determined by the resource assignment field () in the corresponding DCI according to Table 16.4.1.3-1.


-	a repetition number () determined by the repetition number field () in the corresponding DCI according to Table 16.4.1.3-2.

<Unchanged parts are omitted>

Table 16.4.1.3-1: Number of subframes for NPDSCH.
	

	


	0
	1

	1
	2

	2
	3

	3
	4

	4
	5

	5
	6

	6
	8

	7
	10



Table 16.4.1.3-2: Number of repetitions for NPDSCH. 
	

	


	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128

	8
	192

	9
	256

	10
	384

	11
	512

	12
	768

	13
	1024

	14
	1536

	15
	2048



<Unchanged parts are omitted>
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