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1. Introduction

In this contribution, we address remaining issues for resource allocation and TBS determination.
2. Lack of PUSCH time-domain resource allocation field
For FR2, the use of analog beam forming is promising. From gNB point of view, for downlink transmission and uplink reception, same beam is in general preferable. In this case, same beam is applied to control and data channels as following:
· DL Tx beam
· PDCCH scheduling PDSCH and/or PUSCH
· Scheduled PDSCH
· UL Rx beam
· Scheduled PUSCH
· PUCCH for HARQ-ACK of the scheduled PDSCH
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Fig. 1	Example of analog-BF operation.

However, the mechanism of current PUSCH time-domain resource allocation is quite restrictive for such analog beam-forming operation. Following are the NR PUSCH/PUCCH time-domain resource allocation;
· For PUSCH;
· A UE can be configured with up to 16 candidates of a PUSCH time-domain resource allocation
· Slot timing (K2), Start/length indication value (SLIV), and mapping type, are jointly coded
· One DCI field of up to 4 bits indicates one of the candidates
· For PUCCH;
· A UE can be configured with up to 8 slot timing candidates (K1) of a PUCCH transmission
· One DCI field of up to 3 bits indicates one of the slot timing
· In addition, a UE is configured with up to 8-32 PUCCH resources for the given payload
· Another DCI field of up to 3 bits (+ implicit information) indicates one of the PUCCH resources
· Note: a PUCCH resource includes start-length information

Some examples are illustrated below. Figure 2 is an example where one DL slot is paired with one UL slot for a particular Tx/Rx beam of the gNB, where multiple pairs are constructed with equal-distant in time-domain for each DL/UL slot pair. In this case, flexibility is not necessary for time-domain RA field; always indicate one set {K2=X, S=0, L=14} would be sufficient. If it is preferable to adjust SLIV for the given slot due to a certain reason, e.g., SRS or short-PUCCH at the end of the slot, such SLIV candidates can be configured and the time-domain RA field can be used to adjust the start/length of the PUSCH flexibly.
[image: ]
Fig. 2	Example of analog-BF operation with paring one DL slot and one UL slot for a Tx/Rx beam.

Figure 3 is another example where one DL slot is paired with one half UL slot for a particular Tx/Rx beam of the gNB. In this case, the distance in time between DL and UL is no longer equal across pairs. The higher layer configuration of time-domain RA should be Table 1. If it is necessary to adjust SLIV for a given PUSCH scheduling timing due to e.g., SRS or short-PUCCH, necessary entries for the table is larger. As such, in this operation, PUSCH resource allocation is not dynamic at all; fixed relation between PDCCH/PDSCH and PUSCH/PUCCH, but 6 values of the time-domain RA field are already consumed.
[image: ]
Fig. 3	Example of analog-BF operation with paring one DL slot and one UL half-slot for a Tx/Rx beam.

Table 1	Time-domain RA configuration table for Fig. 3.
	DCI field
	K2 value
	SLIV

	0
	X
	S=0, L=7

	1
	X-1
	S=7, L=7

	2
	X-1
	S=0, L=7

	3
	X-2
	S=7, L=7

	4
	X-2
	S=0, L=7

	5
	X-3
	S=7, L=7



Figure 4 illustrates another example where two DL slots are paired with one half UL slot for a particular Tx/Rx beam of the gNB. In order to enable two DL slots with different Tx beams pointing to different PUSCHs in the same UL slot with different Tx beams, two entries are necessary. Further, in order to enable two DL slots with the same Tx beam pointing to different PUSCHs in the different UL slots, number of entries need to be doubled. In the end, in the following case, in order to point fixed relations between PDCCH/PDSCH and PUSCH/PUCCH, 12 entries are already consumed. It is no longer possible to fully adjust SLIV for the scheduled PUSCH, even if there is SRS/short-PUCCH to be TDMed, since remaining number of entries is only 4. 
[image: ]
Fig. 4	Example of analog-BF operation with paring two DL slots and one UL half-slot for a Tx/Rx beam.

Table 2	Time-domain RA configuration table for Fig. 4.
	DCI field
	K2 value
	SLIV

	0
	X
	S=0, L=7

	1
	X-1
	S=7, L=7

	2
	X-1
	S=0, L=7

	3
	X-2
	S=7, L=7

	4
	X-2
	S=0, L=7

	5
	X-3
	S=7, L=7

	6
	X-3
	S=0, L=7

	7
	X-4
	S=7, L=7

	8
	X-4
	S=0, L=7

	9
	X-5
	S=7, L=7

	10
	X-5
	S=0, L=7

	11
	X-6
	S=7, L=7



The above examples are simplified cases compared to realistic; in reality, flexibility is further demanded, e.g.:
· It is preferable not to fix the DL/UL beam pattern. gNB should enable determining DL/UL beam patterns based on the traffic demand across beams. In order to realize flexible DL/UL beam patterns in time, larger number of time-domain RA candidates is necessary.
· It is preferable to enable dynamic TDD and hence, not preferable to fix the time distance b/w DL and UL for a specific beam. gNB should be able to determine DL/UL assignment with the beam patterns based on the traffic demand for DL and UL. In order to realize flexible DL/UL assignment with beams, larger number of time-domain RA candidates is necessary. 
· It is preferable not to fix the SLIV as above. Depending on traffic demands across beams and required throughput across UEs, PUSCH duration should be flexible. Shorter duration results in higher DMRS overhead with larger number of beams within the UL burst, while longer duration results in lower DMRS overhead. In order to realize flexible PUSCH duration, larger number of time-domain RA candidates is necessary.
· There are SS burst with a certain periodicity. During SS burst, UL resources may not be available and hence, available DL-UL pattern during SS burst and other period are different. If the time period corresponding to a SS burst is interpreted as another DL/UL pattern, another set of time-domain RA configurations are necessary for such case. In order not to waste the resources during SS burst, larger number of time-domain RA candidates is necessary.

Based on the above discussion, we need to change the current way of time-domain resource allocation for PUSCH; need higher flexibility for it. Considering that time-domain RA for PUCCH for HARQ-ACK has equivalently two fields 3 bits + 3 bits, PUSCH time-domain RA field with up to 6 bits is demanded. Therefore, we propose following:

Proposal 1:
· Increase the max number of bits for PUSCH time-domain RA field in DCI format 0_1 from 4 to 6.
· Corresponding RAN1 spec need to be changed.
· Corresponding RAN2 parameters need to be changed.
· Send a LS to RAN2 to update the parameter.
· Adopt the following text proposals.
· Check further whether there are any other fields that need to be updated.

TS38.212:
	[bookmark: _Toc505960307][bookmark: _Toc508812082]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
[…]

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I the number of entries in the higher layer parameter pusch-AllocationList.
[…]



TS38.331:
PUSCH-Config information element
-- ASN1START
-- TAG-PUSCH-CONFIGCOMMON-START

PUSCH-ConfigCommon ::= 					SEQUENCE {
	-- Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. 
	-- Corresponds to L1 parameter 'Group-hopping-enabled-Transform-precoding' (see 38.211, section FFS_Section)
	-- This field is Cell specific
	groupHoppingEnabledTransformPrecoding	ENUMERATED {enabled}															OPTIONAL,	-- Need R

	-- List of time domain allocations for timing of UL assignment to UL data
	pusch-AllocationList					SEQUENCE (SIZE(1..16maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation	OPTIONAL,	-- Need R

	-- ------------------------
	-- Power control parameters

	-- Power offset between msg3 and RACH preamble transmission in steps of 1dB. 
	-- Corresponds to L1 parameter 'Delta-preamble-msg3' (see 38.213, section 7.1)
	msg3-DeltaPreamble							INTEGER (-1..6)															OPTIONAL,	-- Need R

	-- P0 value for PUSCH with grant (except msg3). Value in dBm. Only even values (step size 2) allowed.
	-- Corresponds to L1 parameter 'p0-nominal-pusch-withgrant' (see 38.213, section 7.1)
	-- This field is cell specific
	p0-NominalWithGrant						INTEGER (-202..24)																OPTIONAL,	-- Need R
	...
}

-- TAG-PUSCH-CONFIGCOMMON-STOP
-- ASN1STOP

maxNrofUL-Allocations 					INTEGER ::= 6416			-- Maximum number of PUSCH time domain resource allocations.

3. TBS determination for VoIP
[bookmark: _GoBack]In NR, a table is used for TBS determination for intermediate number of information bits Ninfo <= 3824, where the number is calculated from parameters of the MCS and the numbers of symbols , DMRS , overhead , layers . However, for particular use-cases of smaller TBS values, whether the TBS determination procedure including the table needs to be assessed. we should carefully check whether desirable TBS for VoIP is flexibly available. For NR VoIP, it is assumed that TBS is calculated from the following parameters as VoIP over LTE [2].
· RTP payload size
· RoHC header size
· L2 header size
· Additional info.
From RAN2 assumption, according to [3], candidates of TBS for NR VoIP are {136, 144, 152, 160, 168, 176, 184, 328, 336, 344, 352, 360, 368, 552, 560, 568, 584, 592, 656, 672, 680, 688, 696, 704, 712}. These TBSs should be efficiently and flexibly supported. .
Here, we take TBS = 136 for an example. TBSs corresponding to MCS index I_MCS and the number of PRBs N_PRB are calculated as shown in Table 2 when MCS index table 2 is used (i.e., 256QAM is available for the UE), and , , . As shown in Table 2, TBS = 136 does not appear by using these setting. gNB can schedule a PDSCH or a PUSCH targeting larger TBS compared to 136 bits. However, zero-padding causes coverage reduction. In the example, the larger and closest TBS can accommodate the required TBS is 160, hence 24 zero bits are needed to be inserted in the VoIP packet. In terms of MCL, approximately 0.7dB degradation occurs in comparison between TBS = 136 and 160.
Table 2: Available TBS list (MCS index table 2, , , )
[image: ]

TBS = 368 is another good example to evaluate the current TBS determination procedure. TBSs corresponding to MCS index I_MCS and the number of PRBs N_PRB are calculated as shown in Table 3 when MCS index table 1 is used (i.e., 256QAM is unavailable for the UE), and , , . As shown in Table 3, TBS = 368 is available in three combinations of (I_MCS, N_PRB) = (16, 1), (17, 1), (0,11). Unfortunately, (I_MCS, N_PRB) = (16, 1) and (17, 1) are very similar configuration, that they cannot be used for different channel conditions. In other words, large scheduling restrictions are put to the scheduler. If channel condition becomes worse, (I_MCS, N_PRB) = (0, 11) can be used for better performance. However, the number of PRBs for the combination is quite large and may be unavailable depending on system configuration and traffic condition. According to [4], the current TBS determination procedure has issues from Msg.3 aspects as well.
Table 3: Available TBS list (MCS index table 1, , , )
[image: ]

Observation 1:
· NR TBS determination procedure in current specification is not perfectly matching for VoIP packet size.
From the above analysis, the current procedure of TBS determination should be modified for VoIP transmission. Possible solutions are the followings:
Option A:  Add some values into the table for Ninfo <= 3824
Option B:  Replace some values in the table for Ninfo <= 3824
Option C:  Define another table for VoIP transmission
Option D:  Adjust the resulting TBS
Option A can provide desirable TBS for VoIP transmission without zero insertion. An example is shown in Table x. If using this table, NR TBS determination has capability to choose 328, 344, 688, 720, 752 for VoIP transmission. However, scheduling flexibility issue cannot be solved i.e. many combinations of (I_MCS, N_PRB) cannot be selected as shown in figure 5, where table 5 is used instead of the table in current specification and each color stands for how many combinations of (I_MCS, N_PRB) can be selected for the TBS value. For example, as shown in the Note, in case of red color, two combinations, orange: three combinations, yellow: four combinations. Figure 5 (b) has more cells corresponding to lower number as e.g. around circle in figure 5 (b), which indicates Option A makes scheduling flexibility worse. Option B can provide desirable TBS as Option A and keep scheduling flexibility. However, the current table is designed for trade-off between spectral efficiency and scheduling flexibility, hence the table needs to be reconstructed by a lot of evaluations. Considering that we have only two RAN1 meetings for NR Rel-15, Option B may be infeasible. 
Table 4: TBS table with additional values
[image: ]
[image: ] [image: ]
		(a) with table in 38.214						(b) with table 4
[image: ]
Figure 5: Available number of TBS given by a set of {# of PRB, MCS index} is shown by different colors for Option A
To efficiently support special service as VoIP transmission or ultra-reliability transmission, Option C seems to be one of the feasible solutions. Desirable TBS for VoIP transmission can be used with scheduling flexibility. For example, TBS determination procedure starts from two branches of the current procedure in the specification and direct entry into a table like LTE. Still, Option C has one concern of how the table is defined, which may need many discussions. Option D can be compromise solution, where TBS is calculated by the current specification and then adjusted by e.g. plus/minus 8. The adjustment will be indicated by any signalling, a new DCI field or the existing DCI field with implicit way. Option D can keep the current TBS determination procedure but add a few ranges for the determined TBS. 
[image: ]            [image: ]
				(a) Option C					(b) Option D
Figure 6: Examples of Option C and Option D
Proposal 2:
· TBS determination procedure should be modified in consideration of VoIP transmission. The following modifications can be considered:
· Another table for VoIP transmission is defined. TBS determination procedure starts from two branches of the current procedure and direct entry into the table.
· TBS adjustment is introduced. After TBS determination procedure in the current specification, the resulting TBS is adjusted (e.g. plus/minus 8). The adjustment is indicated by the scheduling DCI.

4. Conclusion
Observation 1:
· NR TBS determination procedure in current specification is not perfectly matching for VoIP packet size.
Proposal 1:
· Increase the max number of bits for PUSCH time-domain RA field in DCI format 0_1 from 4 to 6.
· Corresponding RAN1 spec need to be changed.
· Corresponding RAN2 parameters need to be changed.
· Send a LS to RAN2 to update the parameter.
· Adopt the following text proposals.
· Check further whether there are any other fields that need to be updated.

TS38.212:
	7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
[…]

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I the number of entries in the higher layer parameter pusch-AllocationList.
[…]



TS38.331:
PUSCH-Config information element
-- ASN1START
-- TAG-PUSCH-CONFIGCOMMON-START

PUSCH-ConfigCommon ::= 					SEQUENCE {
	-- Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. 
	-- Corresponds to L1 parameter 'Group-hopping-enabled-Transform-precoding' (see 38.211, section FFS_Section)
	-- This field is Cell specific
	groupHoppingEnabledTransformPrecoding	ENUMERATED {enabled}															OPTIONAL,	-- Need R

	-- List of time domain allocations for timing of UL assignment to UL data
	pusch-AllocationList					SEQUENCE (SIZE(1..16maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation	OPTIONAL,	-- Need R

	-- ------------------------
	-- Power control parameters

	-- Power offset between msg3 and RACH preamble transmission in steps of 1dB. 
	-- Corresponds to L1 parameter 'Delta-preamble-msg3' (see 38.213, section 7.1)
	msg3-DeltaPreamble							INTEGER (-1..6)															OPTIONAL,	-- Need R

	-- P0 value for PUSCH with grant (except msg3). Value in dBm. Only even values (step size 2) allowed.
	-- Corresponds to L1 parameter 'p0-nominal-pusch-withgrant' (see 38.213, section 7.1)
	-- This field is cell specific
	p0-NominalWithGrant						INTEGER (-202..24)																OPTIONAL,	-- Need R
	...
}

-- TAG-PUSCH-CONFIGCOMMON-STOP
-- ASN1STOP

maxNrofUL-Allocations 					INTEGER ::= 6416			-- Maximum number of PUSCH time domain resource allocations.

Proposal 2:
· TBS determination procedure should be modified in consideration of VoIP transmission. The following modifications can be considered:
· Another table for VoIP transmission is defined. TBS determination procedure starts from two branches of the current procedure and direct entry into the table.
· TBS adjustment is introduced. After TBS determination procedure in the current specification, the resulting TBS is adjusted (e.g. plus/minus 8). The adjustment is indicated by the scheduling DCI.
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N_PRB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

I_MCS 0 32 64 96 128 168 208 240 272 304 336 368 408 432 480 504 552 576 608 640 672 704 736

1 48 104 160 224 272 320 384 432 504 552 608 672 704 768 808 888 928 984 1032 1128 1160 1192

2 80 168 256 352 432 528 608 704 808 888 984 1032 1128 1224 1320 1416 1480 1608 1672 1736 1864 1928

3 120 256 384 504 640 768 888 1032 1160 1256 1416 1544 1672 1800 1928 2024 2152 2280 2408 2536 2664 2792

4 168 336 504 672 848 1032 1192 1352 1544 1736 1864 2024 2216 2408 2536 2728 2856 3104 3240 3368 3624 3752

5 208 432 640 848 1064 1288 1544 1736 1928 2152 2408 2536 2792 2976 3240 3496 3624 3840 4032 4224 4480 4608

6 240 504 736 984 1224 1480 1736 2024 2216 2472 2664 2976 3240 3496 3752 3904 4096 4352 4608 4864 5120 5376

7 272 552 848 1128 1416 1672 1928 2216 2472 2792 3104 3368 3624 3840 4096 4352 4608 4992 5248 5504 5760 6016

8 304 640 928 1256 1608 1864 2216 2472 2792 3104 3496 3752 4032 4352 4608 4992 5248 5632 5888 6144 6528 6784

9 352 704 1032 1416 1736 2088 2408 2792 3104 3496 3824 4096 4480 4864 5120 5504 5888 6272 6528 6912 7296 7552

10 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4480 4736 5120 5504 5888 6272 6656 7040 7424 7808 8064

11 408 808 1192 1608 2024 2408 2792 3240 3624 3904 4352 4736 5120 5504 5888 6272 6656 7040 7424 7808 8192 8712

12 432 888 1320 1800 2216 2600 3104 3496 3904 4352 4736 5248 5632 6144 6528 6912 7424 7808 8192 8712 9224 9480

13 480 984 1480 1928 2408 2856 3368 3840 4224 4736 5248 5760 6144 6656 7168 7680 8064 8712 8968 9480 9992 10504

14 528 1032 1608 2088 2600 3104 3624 4096 4608 5120 5632 6272 6784 7296 7808 8192 8712 9224 9736 10504 11016 11528

15 576 1128 1736 2280 2792 3368 3904 4480 4992 5632 6144 6656 7296 7808 8456 8968 9480 9992 10760 11272 11784 12296

16 608 1224 1864 2408 3104 3624 4224 4864 5376 6016 6656 7296 7808 8456 8968 9736 10248 11016 11528 12040 12808 13320

17 672 1320 2024 2600 3240 3904 4480 5248 5888 6528 7168 7808 8456 9224 9736 10504 11016 11784 12296 13064 13576 14344

18 704 1416 2088 2792 3496 4096 4864 5504 6272 6912 7552 8192 8968 9736 10504 11016 11784 12552 13064 13832 14600 15368

19 736 1480 2216 2976 3752 4352 5120 5888 6656 7296 8064 8712 9480 10248 11016 11784 12552 13320 14088 14600 15368 16136

20 768 1544 2280 3104 3840 4608 5376 6144 6912 7680 8456 9224 9992 10760 11528 12296 13064 13832 14600 15368 16136 16896

21 808 1608 2408 3240 3968 4736 5632 6400 7168 7936 8712 9480 10504 11272 12040 12808 13576 14344 15112 15880 16896 17424

22 848 1736 2536 3496 4224 5120 5888 6784 7552 8456 9224 10248 11016 11784 12808 13576 14344 15368 16136 16896 17928 18432

23 928 1800 2728 3624 4480 5376 6272 7168 8064 8968 9736 10760 11528 12552 13320 14344 15112 16136 16896 17928 18960 19464

24 984 1928 2856 3824 4736 5632 6656 7552 8456 9480 10504 11272 12296 13320 14088 15112 16136 16896 17928 18960 19968 21000

25 1032 2024 2976 3968 4992 5888 6912 7936 8968 9992 11016 12040 12808 13832 14856 15880 16896 17928 18960 19968 21000 22032

26 1032 2088 3104 4096 5120 6144 7168 8192 9224 10248 11272 12296 13320 14344 15368 16392 17424 18432 19464 20496 21504 22536

27 1064 2152 3240 4224 5248 6400 7424 8456 9480 10760 11784 12808 13832 14856 15880 16896 17928 18960 20496 21504 22536 23568
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I_MCS 0 32 64 96 128 168 208 240 272 304 336 368 408 432 480 504 552 576 608 640 672 704 736

1 40 88 128 176 224 272 304 352 408 456 480 528 576 640 672 704 768 808 848 888 928 984

2 48 104 160 224 272 320 384 432 504 552 608 672 704 768 808 888 928 984 1032 1128 1160 1192

3 64 136 208 288 352 432 504 576 640 704 808 848 928 984 1064 1128 1224 1288 1352 1416 1480 1608

4 80 168 256 352 432 528 608 704 808 888 984 1032 1128 1224 1320 1416 1480 1608 1672 1736 1864 1928

5 104 208 320 432 528 640 768 848 984 1064 1192 1288 1416 1544 1608 1736 1864 1928 2024 2152 2216 2408

6 120 256 384 504 640 768 888 1032 1160 1256 1416 1544 1672 1800 1928 2024 2152 2280 2408 2536 2664 2792

7 144 288 456 608 736 888 1032 1192 1352 1480 1672 1800 1928 2088 2216 2408 2536 2664 2792 2976 3104 3240

8 168 336 504 672 848 1032 1192 1352 1544 1736 1864 2024 2216 2408 2536 2728 2856 3104 3240 3368 3624 3752

9 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3824 3968 4224

10 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3840 3968 4224

11 208 432 640 848 1064 1288 1544 1736 1928 2152 2408 2536 2792 2976 3240 3496 3624 3840 4032 4224 4480 4608

12 240 504 736 984 1224 1480 1736 2024 2216 2472 2664 2976 3240 3496 3752 3904 4096 4352 4608 4864 5120 5376

13 272 552 848 1128 1416 1672 1928 2216 2472 2792 3104 3368 3624 3840 4096 4352 4608 4992 5248 5504 5760 6016

14 304 640 928 1256 1608 1864 2216 2472 2792 3104 3496 3752 4032 4352 4608 4992 5248 5632 5888 6144 6528 6784

15 352 704 1032 1416 1736 2088 2408 2792 3104 3496 3824 4096 4480 4864 5120 5504 5888 6272 6528 6912 7296 7552

16 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4480 4736 5120 5504 5888 6272 6656 7040 7424 7808 8064

17 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4352 4736 5120 5504 5888 6272 6656 7040 7424 7680 8064

18 408 808 1192 1608 2024 2408 2792 3240 3624 3904 4352 4736 5120 5504 5888 6272 6656 7040 7424 7808 8192 8712

19 432 888 1320 1800 2216 2600 3104 3496 3904 4352 4736 5248 5632 6144 6528 6912 7424 7808 8192 8712 9224 9480

20 480 984 1480 1928 2408 2856 3368 3840 4224 4736 5248 5760 6144 6656 7168 7680 8064 8712 8968 9480 9992 10504

21 528 1032 1608 2088 2600 3104 3624 4096 4608 5120 5632 6272 6784 7296 7808 8192 8712 9224 9736 10504 11016 11528

22 576 1128 1736 2280 2792 3368 3904 4480 4992 5632 6144 6656 7296 7808 8456 8968 9480 9992 10760 11272 11784 12296

23 608 1224 1864 2408 3104 3624 4224 4864 5376 6016 6656 7296 7808 8456 8968 9736 10248 11016 11528 12040 12808 13320

24 672 1320 2024 2600 3240 3904 4480 5248 5888 6528 7168 7808 8456 9224 9736 10504 11016 11784 12296 13064 13576 14344

25 704 1416 2088 2792 3496 4096 4864 5504 6272 6912 7552 8192 8968 9736 10504 11016 11784 12552 13064 13832 14600 15368

26 736 1480 2216 2976 3752 4352 5120 5888 6656 7296 8064 8712 9480 10248 11016 11784 12552 13320 14088 14600 15368 16136

27 768 1544 2280 3104 3840 4608 5376 6144 6912 7680 8456 9224 9992 10760 11528 12296 13064 13832 14600 15368 16136 16896

28 808 1608 2408 3240 3968 4736 5632 6400 7168 7936 8712 9480 10504 11272 12040 12808 13576 14344 15112 15880 16896 17424
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Index TBS Index TBS Index TBS Index TBS

1 24 31 328 61 1128 91 2976

2 32 32 336 62 1160 92 3104

3 40 33 344 63 1192 93 3240

4 48 34 352 64 1224 94 3368

5 56 35 368 65 1256 95 3496

6 64 36 384 66 1288 96 3624

7 72 37 408 67 1320 97 3752

8 80 38 432 68 1352 98 3824

9 88 39 456 69 1416

10 96 40 480 70 1480

11 104 41 504 71 1544

12 112 42 528 72 1608

13 120 43 552 73 1672

14 128 44 576 74 1736

15 136 45 608 75 1800

16 144 46 640 76 1864

17 152 47 672 77 1928

18 160 48 688 78 2024

19 168 49 704 79 2088

20 176 50 720 80 2152

21 184 51 736 81 2216

22 192 52 752 82 2280

23 208 53 768 83 2408

24 224 54 808 84 2472

25 240 55 848 85 2536

26 256 56 888 86 2600

27 272 57 928 87 2664

28 288 58 984 88 2728

29 304 59 1032 89 2792

30 320 60 1064 90 2856
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N_PRB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

I_MCS 0 32 64 96 128 168 208 240 272 304 336 368 408 432 480 504 552 576 608 640 672 704 736

1 40 88 128 176 224 272 304 352 408 456 480 528 576 640 672 704 768 808 848 888 928 984

2 48 104 160 224 272 320 384 432 504 552 608 672 704 768 808 888 928 984 1032 1128 1160 1192

3 64 136 208 288 352 432 504 576 640 704 808 848 928 984 1064 1128 1224 1288 1352 1416 1480 1608

4 80 168 256 352 432 528 608 704 808 888 984 1032 1128 1224 1320 1416 1480 1608 1672 1736 1864 1928

5 104 208 320 432 528 640 768 848 984 1064 1192 1288 1416 1544 1608 1736 1864 1928 2024 2152 2216 2408

6 120 256 384 504 640 768 888 1032 1160 1256 1416 1544 1672 1800 1928 2024 2152 2280 2408 2536 2664 2792

7 144 288 456 608 736 888 1032 1192 1352 1480 1672 1800 1928 2088 2216 2408 2536 2664 2792 2976 3104 3240

8 168 336 504 672 848 1032 1192 1352 1544 1736 1864 2024 2216 2408 2536 2728 2856 3104 3240 3368 3624 3752

9 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3824 3968 4224

10 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3840 3968 4224

11 208 432 640 848 1064 1288 1544 1736 1928 2152 2408 2536 2792 2976 3240 3496 3624 3840 4032 4224 4480 4608

12 240 504 736 984 1224 1480 1736 2024 2216 2472 2664 2976 3240 3496 3752 3904 4096 4352 4608 4864 5120 5376

13 272 552 848 1128 1416 1672 1928 2216 2472 2792 3104 3368 3624 3840 4096 4352 4608 4992 5248 5504 5760 6016

14 304 640 928 1256 1608 1864 2216 2472 2792 3104 3496 3752 4032 4352 4608 4992 5248 5632 5888 6144 6528 6784

15 352 704 1032 1416 1736 2088 2408 2792 3104 3496 3824 4096 4480 4864 5120 5504 5888 6272 6528 6912 7296 7552

16 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4480 4736 5120 5504 5888 6272 6656 7040 7424 7808 8064

17 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4352 4736 5120 5504 5888 6272 6656 7040 7424 7680 8064

18 408 808 1192 1608 2024 2408 2792 3240 3624 3904 4352 4736 5120 5504 5888 6272 6656 7040 7424 7808 8192 8712

19 432 888 1320 1800 2216 2600 3104 3496 3904 4352 4736 5248 5632 6144 6528 6912 7424 7808 8192 8712 9224 9480

20 480 984 1480 1928 2408 2856 3368 3840 4224 4736 5248 5760 6144 6656 7168 7680 8064 8712 8968 9480 9992 10504

21 528 1032 1608 2088 2600 3104 3624 4096 4608 5120 5632 6272 6784 7296 7808 8192 8712 9224 9736 10504 11016 11528

22 576 1128 1736 2280 2792 3368 3904 4480 4992 5632 6144 6656 7296 7808 8456 8968 9480 9992 10760 11272 11784 12296

23 608 1224 1864 2408 3104 3624 4224 4864 5376 6016 6656 7296 7808 8456 8968 9736 10248 11016 11528 12040 12808 13320

24 672 1320 2024 2600 3240 3904 4480 5248 5888 6528 7168 7808 8456 9224 9736 10504 11016 11784 12296 13064 13576 14344

25 704 1416 2088 2792 3496 4096 4864 5504 6272 6912 7552 8192 8968 9736 10504 11016 11784 12552 13064 13832 14600 15368

26 736 1480 2216 2976 3752 4352 5120 5888 6656 7296 8064 8712 9480 10248 11016 11784 12552 13320 14088 14600 15368 16136

27 768 1544 2280 3104 3840 4608 5376 6144 6912 7680 8456 9224 9992 10760 11528 12296 13064 13832 14600 15368 16136 16896

28 808 1608 2408 3240 3968 4736 5632 6400 7168 7936 8712 9480 10504 11272 12040 12808 13576 14344 15112 15880 16896 17424
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N_PRB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

I_MCS 0 32 64 96 128 168 208 240 272 304 336 368 408 432 480 504 552 576 608 640 672 704 736

1 40 88 128 176 224 272 304 352 408 456 480 528 576 640 672 704 752 808 848 888 928 984

2 48 104 160 224 272 320 384 432 504 552 608 672 704 752 808 888 928 984 1032 1128 1160 1192

3 64 136 208 288 352 432 504 576 640 704 808 848 928 984 1064 1128 1224 1288 1352 1416 1480 1608

4 80 168 256 344 432 528 608 688 808 888 984 1032 1128 1224 1320 1416 1480 1608 1672 1736 1864 1928

5 104 208 320 432 528 640 752 848 984 1064 1192 1288 1416 1544 1608 1736 1864 1928 2024 2152 2216 2408

6 120 256 384 504 640 752 888 1032 1160 1256 1416 1544 1672 1800 1928 2024 2152 2280 2408 2536 2664 2792

7 144 288 456 608 736 888 1032 1192 1352 1480 1672 1800 1928 2088 2216 2408 2536 2664 2792 2976 3104 3240

8 168 336 504 672 848 1032 1192 1352 1544 1736 1864 2024 2216 2408 2536 2728 2856 3104 3240 3368 3624 3752

9 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3824 3968 4224

10 184 384 576 768 984 1160 1352 1544 1736 1928 2088 2280 2472 2664 2856 3104 3240 3496 3624 3840 3968 4224

11 208 432 640 848 1064 1288 1544 1736 1928 2152 2408 2536 2792 2976 3240 3496 3624 3840 4032 4224 4480 4608

12 240 504 736 984 1224 1480 1736 2024 2216 2472 2664 2976 3240 3496 3752 3904 4096 4352 4608 4864 5120 5376

13 272 552 848 1128 1416 1672 1928 2216 2472 2792 3104 3368 3624 3840 4096 4352 4608 4992 5248 5504 5760 6016

14 304 640 928 1256 1608 1864 2216 2472 2792 3104 3496 3752 4032 4352 4608 4992 5248 5632 5888 6144 6528 6784

15 344 688 1032 1416 1736 2088 2408 2792 3104 3496 3824 4096 4480 4864 5120 5504 5888 6272 6528 6912 7296 7552

16 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4480 4736 5120 5504 5888 6272 6656 7040 7424 7808 8064

17 368 736 1128 1480 1864 2216 2600 2976 3368 3752 4032 4352 4736 5120 5504 5888 6272 6656 7040 7424 7680 8064

18 408 808 1192 1608 2024 2408 2792 3240 3624 3904 4352 4736 5120 5504 5888 6272 6656 7040 7424 7808 8192 8712

19 432 888 1320 1800 2216 2600 3104 3496 3904 4352 4736 5248 5632 6144 6528 6912 7424 7808 8192 8712 9224 9480

20 480 984 1480 1928 2408 2856 3368 3840 4224 4736 5248 5760 6144 6656 7168 7680 8064 8712 8968 9480 9992 10504

21 528 1032 1608 2088 2600 3104 3624 4096 4608 5120 5632 6272 6784 7296 7808 8192 8712 9224 9736 10504 11016 11528

22 576 1128 1736 2280 2792 3368 3904 4480 4992 5632 6144 6656 7296 7808 8456 8968 9480 9992 10760 11272 11784 12296

23 608 1224 1864 2408 3104 3624 4224 4864 5376 6016 6656 7296 7808 8456 8968 9736 10248 11016 11528 12040 12808 13320

24 672 1320 2024 2600 3240 3904 4480 5248 5888 6528 7168 7808 8456 9224 9736 10504 11016 11784 12296 13064 13576 14344

25 688 1416 2088 2792 3496 4096 4864 5504 6272 6912 7552 8192 8968 9736 10504 11016 11784 12552 13064 13832 14600 15368

26 736 1480 2216 2976 3752 4352 5120 5888 6656 7296 8064 8712 9480 10248 11016 11784 12552 13320 14088 14600 15368 16136

27 768 1544 2280 3104 3840 4608 5376 6144 6912 7680 8456 9224 9992 10760 11528 12296 13064 13832 14600 15368 16136 16896

28 808 1608 2408 3240 3968 4736 5632 6400 7168 7936 8712 9480 10504 11272 12040 12808 13576 14344 15112 15880 16896 17424
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Note: 1 2 3 4 5 6 7 8 910~
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5.1.3.2 Transport block size determination

For the PDSCH assigned by a PDCCH with DCI format 1_0 or format 1_1 with CRC scrambled by C-

RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, if the higher layer parameter MCS-

Table-PDSCHis set to '256QAM' and ,orthe higher layer parameter MCS-Table-PDSCH is not set to 

'256QAM' and , the UE shall first determine the TBSas specified below:

1) The UE shall first determine the number of REs (N

RE

)  within the slot. 

…

N_PRB or N_RE

X …

I_MCS 0 xx

…

or
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5.1.3.2 Transport block size determination
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PDSCH

PUCCH or PUSCH

Tx beam Rx beam

Same beam

D2

U2

PDCCH

PDSCH

PUCCH or PUSCH

Tx beam Rx beam

Same beam
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D6 U1 U2 U3 U4 U5 U6

PDCCH + PDSCH

PUCCH or PUSCH

Tx beams Rx beams

X slots

X

X


