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[bookmark: _Ref61335166]Introduction
[bookmark: _Hlk525462591]The revised Rel-17 WI for additional enhancements for NB-IoT and LTE-MTC includes an objective to add optional UE capability to support a maximum DL TBS of 1736 bits as below [1]:
· Add a Rel-17 optional UE capability to support a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only. [LTE-MTC] [RAN1, RAN2]
· Determine soft buffer size [RAN1]
· Capability signaling without introducing a new UE category [RAN2]
· There shall be no changes to: DCI formats, TBS tables, CQI tables
· This objective begins work from RAN#90, i.e. December 2020
In this contribution, we discuss support of maximum DL TBS of 1736 bits for HD-FDD Cat-M1 UEs in CE mode A.
[bookmark: _Hlk525462634][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Discussion
According to the objective in the WID, a maximum DL TBS of 1736 bits shall be supported for HD-FDD Cat-M1 UEs in CE mode A only as an optional UE capability. Therefore, after the UE indicates this capability to the eNB, the eNB should enable the UE to use this capability through higher layer configuration.
Proposal 1: A capability is introduced for Rel-17 Cat-M1 UEs (BL/CE UEs with DL PDSCH bandwidth of 1.4 MHz) supporting a maximum DL TBS of 1736 bits in CEModeA.
Proposal 2: The use of a maximum DL TBS of 1736 bits for a Rel-17 Cat-M1 UE with the corresponding capability is enabled through higher layer configuration.
The objective for adding support for maximum DL TBS of 1736 bits also clarifies that there shall be no changes to DCI formats, TBS tables, and CQI tables. We first consider support for the larger TBS with 16-QAM and 64-QAM. A BL/CE in CEModeA uses the Table 7.1.7.1-1 in [2] as the modulation and coding scheme (MCS) table, reproduced Table 1 below. If the UE is not configured with the higher layer parameter ce-PDSCH-64QAM-Config-r15, the maximum supported order is 16-QAM and the UE reads a 4-bit MCS field in the DL DCI (DCI format 6-1A). In this case, the UE is not expected to receive DCI indicating . Therefore, the first 16 rows of the table (shown shaded) are used. It is apparent that the maximum TBS index then corresponds to . The corresponding TBS is obtained from Table 7.1.7.2.1-1 in [2], the relevant portion of which is shown in Table 2 below. Thus, for 16-QAM, the first 15 rows (shown shaded) are used. Since there shall be no changes to DCI formats, TBS tables, or CQI tables, the increased maximum DL TBS of 1736 bits can only be used with  and .
Observation 1: The existing TBS table enables the use of the increased maximum DL TBS of 1736 bits with 16-QAM only with  and .

[bookmark: _Ref61335375]Table 1. Table 7.1.7.1-1 in [2]: Modulation and TBS index table for PDSCH
	MCS Index
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	Modulation Order
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	Modulation Order
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	TBS Index
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	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	



[bookmark: _Ref61344282]Table 2. From Table 7.1.7.2.1-1 in [2]: Transport block size table
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	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800

	16
	328
	632
	968
	1288
	1608
	1928

	17
	336
	696
	1064
	1416
	1800
	2152

	18
	376
	776
	1160
	1544
	1992
	2344

	19
	408
	840
	1288
	1736
	2152
	2600

	20
	440
	904
	1384
	1864
	2344
	2792

	21
	488
	1000
	1480
	1992
	2472
	2984

	22
	520
	1064
	1608
	2152
	2664
	3240

	23
	552
	1128
	1736
	2280
	2856
	3496

	24
	584
	1192
	1800
	2408
	2984
	3624

	25
	616
	1256
	1864
	2536
	3112
	3752

	26
	712
	1480
	2216
	2984
	3752
	4392

	26A
	632
	1288
	1928
	2600
	3240
	3880



If the UE is configured with the higher layer parameter ce-PDSCH-64QAM-Config-r15, the maximum supported modulation order is 64-QAM and the UE reads a 5-bit MCS field in the DCI. In this case, the UE may receive DCI indicating an MCS index corresponding to . While the rows of the TBS table shown in Table 2 corresponding to  are relevant for 64-QAM, the DL TBS should now be limited to a maximum size of 1736 bits instead of the existing limit of 1000 bits. As seen from the table, the TBS of 1736 bits can be used corresponding to the TBS index range  with a valid  depending on the TBS index. 
Observation 2: The increased maximum DL TBS of 1736 bits can be used with 64-QAM with all TBS indices in the range .
To derive the benefit of higher peak data rates, the increased maximum TBS of 1736 bits should be supported with both 16-1QAM and 64-QAM.
Proposal 3: A maximum DL TBS of 1736 bits is supported both with and without configuration of 64-QAM for PDSCH.
Support for the increased maximum DL TBS of 1736 bits would require an update to the specification in TS 36.213. The relevant part of the current specification reads as follows.
if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the DCI indicates PDSCH repetition level 1,

-	set  to the TBS determined by the procedure in Clause 7.1.7.2.1,
-	
This is based on support of a maximum TBS of 1000 bits (when the UE is configured with 64-QAM) and must be modified corresponding to a maximum TBS of 1736 bits when a UE is also configured with this larger maximum TBS.
The soft buffer size for different UE categories is specified in [3]. For the DL category M1, we have the following entry from Table 4.1A-1 in [3].
[bookmark: _Ref61358042]Table 3. Entry for Cat-M1 UE from Table 4.1A-1 in [3]
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category M1
	1000
	1000
	[bookmark: _Hlk61595077]25344
	1



According to Table 3, the soft buffer size for a Cat-M1 UE is 25344. While the soft buffer size was originally determined for a Rel-13 UE with a maximum TBS of 1000 bits for 8 HARQ processes, the same soft buffer size was retained when the number of HARQ processes was increased to 10 in Rel-14 to avoid increasing the complexity. For a UE supporting the increased TBS of 1736 bits, however, a new soft buffer size must be determined.
A simple approach is to simply scale the currently specified soft buffer size based on the increase in the maximum TBS, which would yield  soft channel bits.
Observation 3: The total number of soft channel bits for supporting an increased maximum TBS of 1736 bits based on scaling the total number of soft channel bits specified for supporting a maximum TBS of 1000 bits is 43988.
Alternatively, we can calculate the total number of soft channel bits with Full Buffer Rate Matching (FBRM) for the increased maximum TBS of 1736 bits using  for a Turbo encoder using a mother coding rate of 1/3, where  is the number of HARQ processes and  is the maximum TBS. With the support for 14 HARQ processes also being added in Rel-17, the soft buffer size for this case may be considered as well although there is no consideration to increase the soft buffer size for supporting for 14 HARQ processes with the legacy maximum TBS capability of 1000 bits. Thus, the total number of soft channel bits can be calculated to be as follows.
· 10 HARQ processes → 53760 
· 14 HARQ processes → 75264 
These correspond to a soft buffer size of a factor of ~2.12 increase and a factor of ~2.97 increase, respectively, compared to that of 25344 soft channel bits for a legacy UE. On the other hand, the number of soft channel bits calculated for a Rel-17 UE not supporting the increased maximum DL TBS (i.e., supporting a maximum DL TBS of 1000 bits) is 44352, which is 1.75 times that of the legacy UE.
Observation 4: The total number of soft channel bits calculated based on a Turbo encoder with mother coding rate of 1/3 as
· 53760 for a maximum DL TBS of 1736 bits and 10 HARQ processes → a factor of ~2.12 increase compared to a legacy UE;
· 75264 for a maximum DL TBS of 1736 bits and 14 HARQ processes → a factor of ~2.97 increase compared to a legacy UE;
· 44352 for a maximum DL TBS of 1000 bits and 14 HARQ processes → a factor of 1.75 increase compared to a legacy UE;
While supporting the larger number of HARQ processes in Rel-17 with the increased TBS has the potential to further increase the peak data rate, it comes at the expense of higher UE complexity in the form of the soft buffer size. One possibility to limit the complexity is to determine the soft buffer size based on 10 HARQ processes and not increase it for 14 HARQ processes even when supported together with the increased maximum TBS. The reduction in soft buffer size for 14 HARQ processes can be achieved, for example, through Limited Buffer Rate Matching (LBRM). This may come at some cost to the DL performance, however. 
Proposal 4: Further study the tradeoffs between cost and benefits for different soft buffer size candidates for the increased maximum DL TBS of 1736 bits.
Conclusions
In this contribution, we discuss supporting a maximum DL TBS of 1736 bits for HD-FDD Cat-M1 UEs in CE mode A as an optional UE capability and make the following observations and proposals.
Observation 1: The existing TBS table enables the use of the increased maximum DL TBS of 1736 bits with 16-QAM only with  and .
Observation 2: The increased maximum DL TBS of 1736 bits can be used with 64-QAM with all TBS indices in the range .
Observation 3: The total number of soft channel bits for supporting an increased maximum TBS of 1736 bits based on scaling the total number of soft channel bits specified for supporting a maximum TBS of 1000 bits is 43988.
Observation 4: The total number of soft channel bits calculated based on a Turbo encoder with mother coding rate of 1/3 as
· 53760 for a maximum DL TBS of 1736 bits and 10 HARQ processes → a factor of ~2.12 increase compared to a legacy UE;
· [bookmark: _GoBack]75264 for a maximum DL TBS of 1736 bits and 14 HARQ processes → a factor of ~2.97 increase compared to a legacy UE;
· 44352 for a maximum DL TBS of 1000 bits and 14 HARQ processes → a factor of 1.75 increase compared to a legacy UE;
Proposal 1: A capability is introduced for Rel-17 Cat-M1 UEs (BL/CE UEs with DL PDSCH bandwidth of 1.4 MHz) supporting a maximum DL TBS of 1736 bits in CEModeA.
Proposal 2: The use of a maximum DL TBS of 1736 bits for a Rel-17 Cat-M1 UE with the corresponding capability is enabled through higher layer configuration.
Proposal 3: A maximum DL TBS of 1736 bits is supported both with and without configuration of 64-QAM for PDSCH.
Proposal 4: Further study the tradeoffs between cost and benefits for different soft buffer size candidates for the increased maximum DL TBS of 1736 bits.
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