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1	Introduction
[bookmark: _GoBack]This contribution discusses a number of open issues needing decisions before TS38.214 can be completed on resource allocation and TBS determination.
2	Frequency domain resource allocation
2.1	On details of UL/DL resource allocation Type 0
Agreements of RAN1#90bis
Agreements:
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…



· RRC selects config 1 or config 2
· One config (config 1) is the default until RRC configures otherwise
· The numbers ‘RBG size’ in the table are fixed in the spec
· The number of rows should be no more than [4-6]
· Same table for DL and UL
· The configuration for DL & UL is separate
· Same RBG size irrespective of the duration (slot vs. non-slot)

[bookmark: _Hlk498526142]The remaining questions related to this are on populating the table and agreeing on default values. Considering the applicable carrier (and potentially allowed BWP bandwidths) in the following tables, a proposal is made
Table: Supported carrier BWs and # of PRBs per numerology and BW for frequency range 1
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	15 kHz
	25
	52
	79
	106
	133
	216
	270
	
	
	

	30 kHz
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60 kHz
	
	11
	18
	24
	31
	51
	65
	79
	107
	135



Table: Supported carrier BWs and # of PRBs per numerology and BW for frequency range 2
	SCS
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60 kHz
	66
	132
	264
	

	120 kHz
	32
	66
	132
	264




Proposal 1: Proposed RBG sizes for different BWP sizes
	BWP size [PRB]
	Configuration 1 (default)
	Configuration 2

	
	RBG size [PRB]
	# of RBGs
	RBG size [PRB]
	# of RBGs

	0-36
	2
	0-18
	4
	0-9

	37-130
	4
	10-33
	8
	5-17

	131-275
	8
	17-35
	16
	9-18



Proposal 2: The configuration 1 of the table is the default configuration
Proposal 3: The RBG is configured per BWP
3	Time domain resource allocation 
3.1	Timing indication
Agreements of RAN1#90bis
Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission
· starting OFDM symbol and length in OFDM symbols of the allocation
· FFS: one or more tables
· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling
· FFS: May need to revisit if SFI support non-contiguous allocations
· At least for RMSI scheduling
· At least one table entry needs to be fixed in the spec

Draft TS 38.214 time domain resource allocation
[bookmark: _Toc498543930]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, 
-	The slot allocated for the PDSCH is determined as n+K, where n is the slot with the scheduling DCI, K is based on the numerology of PDSCH, and
-	If the scheduling DCI format includes the [PDSCH slot timing] field, then K is as indicated by this field
-	Otherwise K is as configured by higher layer parameter DL-assignment-DL-data
-	If the scheduling DCI includes the [PDSCH symbol timing] index i, the UE shall use this index to determine the starting symbol lstart,i and number of symbols nduration,i of the PDSCH allocation within the scheduled slot from a set of higher layer configured lstart and nduration pairs in [PDSCH SymbolAllocationTable]; otherwise, the UE shall determine the starting symbol and the number of symbols of the PDSCH allocation within the scheduled slot based on the lstart,0 and nduration,0 pair of higher layer parameter [PDSCH SymbolAllocation].
-	If the UE is not configured with [PDSCH SymbolAllocation], then default values for lstart,default and nduration,default according to table 5.1.2.1-1 are applied.
Table 5.1.2.1-1: Default values for the PDSCH time domain allocation
	
	lstart,default
	nduration,default

	
	
	

	
	
	

	
	
	




Another approach would be to rather than separating the slot-offset K, have that configured together with the start and duration, leading to a description along the following lines:

When the UE is scheduled to receive PDSCH by a DCI, 
-	The slot allocated for the PDSCH is determined as n+K, where n is the slot with the scheduling DCI, K is the slot offset based on the numerology of PDSCH, and
-	If first symbol allocated for the PDSCH is determined by lstart, and
-	The number of symbols allocated for the PDSCH is determined by nduration
The UE may be configured with a higher layer parameter DL-assignment-DL-data providing a set of K, lstart and nduration triplets. If the UE is not configured with this parameter, then default triplets as defined by table 5.1.2.1-1 are applied.
-	If the scheduling DCI includes the [PDSCH timing] index i, the UE shall use this index to select a triplet Ki, lstart,i and nduration,i out of the set of triplets.
-	If the scheduling DCI does not include [PDSCH timing] index i, the UE shall select a triplet K0, lstart,0 and nduration,0 out of the set of triplets.
Table 5.1.2.1-1: Default values for the PDSCH timing
	i
	K
	lstart
	nduration
	Explanation 
(not for specification)

	0
	0
	2
	12
	FDD, DMRS at symbol #2

	1
	0
	3
	11
	FDD, DMRS at symbol #3

	2
	0
	2
	10
	TDD, DMRS at symbol #2, short PUCCH in symbol #13

	3
	0
	3
	9
	TDD, DMRS at symbol #3, short PUCCH in symbol #13



Proposal 4: UE is configured with a table where each row has three time-domain resource allocation fields, and a DCI carrying a PDSCH timing index selecting a row from the table. The fields being:: 
1. Slot offset from the slot with the DCI
2. Symbol number for the starting symbol of the PDSCH allocation (including DMRS)
3. Number of symbols with the slot allocated for PDSCH (including DMRS)
Proposal 5: Agree to use the same principle for the PUSCH timing
Proposal 6: Agree on the default PDSCH values in the proposed table 5.1.2.1-1 to TS38.214


If the slot timing and symbol timing are indexed together as proposed, then the PDSCH timing field size for slot-based scheduling should allow for at least
1. Cross-slot scheduling over several consecutive uplink slots, i.e. several values for K
2. Flexible start position, at least 2 positions (PDSCH starting before the DMRS, PDSCH starting after the DMRS)
3. Flexible duration allowing
a. PDSCH allocation until the end of the slot
b. Allow room for 1-symbol short PUCCH
c. Allow room for 2-symbol short PUCCH
Judging from the above, at least 3*2*3 = 18 different combinations could be needed.
As it should be possible to sacrifice some combinations to squeeze down from 18 to 16 the following proposal is made:
Proposal 7: Up to 4-bit PDSCH timing indication is supported for slot based scheduling, if no other fields such as slot-repetition is not added to the configured table

The same approach works well for PUSCH, but the bit-field size requirement will differ and the PUSCH timing field size for slot-based scheduling should allow for at least
1. Cross-slot scheduling over several consecutive downlink slots, i.e. several values for K, larger than in the PDSCH case.
2. Flexible start position, at least for full UL slot vs. slot with DL control and PUSCH
3. Flexible duration allowing
a. PUSCH allocation until the end of the slot
b. Allow room for 1-symbol short PUCCH
c. Allow room for 2-symbol short PUCCH
Judging from the above, at least 6*2*3 = 36 different combinations could be needed.
As it should be possible to sacrifice some combinations to squeeze down from 36 to 32 the following proposal is made:
Proposal 8: Up to 5-bit PUSCH timing indication is supported for slot based scheduling, if no other fields such as slot-repetition is not added to the configured table

3.2	Mini-slot timing
Generally speaking, flexible mini-slot based operation requires that DCI contains the same ingredients as discussed in the section 3.1, and the same general description should be fully applicable. The same setup is even able to support both PDCCH in the beginning of the slot as well as the case where the PDCCH monitoring is more frequent than once per slot.
[image: ]
Figure 1. PUSCH mini-slot scheduling based on functionality proposed in section 3.1

The number of different configurations for PDSCH and PUSCH mini-slots should be considered
PDSCH mini-slots
If the slot timing and symbol timing are indexed together as proposed, then the PDSCH timing field size for slot-based scheduling should allow for at least
1. K=0 always
2. 7 starting positions
3. Flexible duration allowing at least two different mini-slot lengths
Judging from the above, at least 7*2 = 14 different combinations could be needed

PUSCH mini-slots
If the slot timing and symbol timing are indexed together as proposed, then the PDSCH timing field size for slot-based scheduling should allow for at least
1. Two different K values should be considered to skip over imminent DL slot.
2. 7 starting positoins
3. Flexible duration allowing at least two different mini-slot lengths
Judging from the above, at least 2*7*2 = 28 different combinations could be needed.

Observaton: No more bits required for mini-slot scheduling than for slot scheduling in the DL or in the UL
Observaton: A separate timing configuration table is required for mini-slot scheduling
Observation: Identification of slot or mini-slot scheduling needs to be decided by RAN1

Proposal 9: Different timing tables are configured for mini-slot scheduling – independently for the DL and for the UL

3.3	PDSCH/PUSCH scheduling timing: Slot aggregation
In case of slot-based scheduling or slot aggregation, it can be beneficial to dynamically indicate the number of slots being scheduled, e.g. in the following cases:
· If slot aggregation is used to provide extended coverage, dynamic indication of the duration can allow more flexible and faster link adaptation.
· In case of dynamic TDD, the gNB can have full flexibility to determine the number of DL and UL slots based on the traffic condition.
· For UL, each UL slot may not necessarily have a corresponding DL slot for transmitting the UL grant, e.g. when there are less number of DL slots than UL slots, or when the timing does not fit well with the chosen frame structure. In these cases, it becomes necessary to be able to dynamically indicate the number of UL slots being scheduled.
· For DL, the gNB of course always has the choice to send DL assignment separately for each PDSCH. Supporting slot aggregation (or multi-slot scheduling) with a single DCI has the benefit of reduced DCI overhead.

The following options were indentified in RAN1#90 for multi-slot case:
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot.

When comparing these options, Opt.2 is our preference since it allows to minimize the amount of additional control signalling involved in slot aggregation. gNB may determine the starting symbol and ending symbol of a slot in a conservative manner (i.e. according to the latest starting symbol of aggregated slots and the earlierst ending symbol of the aggregated slots, respectively). In the cases where further flexibility is needed, it’s possible to send a separate UL/DL grant for each PDSCH/PUSCH.

Proposal 10: In case of slot-based scheduling, the number of slots for a data transmission can be dynamically indicated in DCI. The starting symbol and ending symbol are applied to all the aggregated slots
Proposal 11: A slot-aggregate consist of 1, 2, 4 or 8 slots with the possibility to extend it to larger values in the future
3.4	Timing of a carrier with different numerology than the DL carrier
The scheduling carrier may have a higher subcarrier spacing than the scheduled carrier when the scheduled carrier is a Supplemental UL carrier. In this case the slot number determination needs to be adapted. Consider the text proposed in section 2.1 converted for PUSCH as a reference:
When the UE is scheduled to receive PUSCH by a DCI, 
-	The slot allocated for the PUSCH is determined as n+K, where n is the slot with the scheduling DCI, K is the slot offset based on the numerology of PUSCH, and
-	If first symbol allocated for the PUSCH is determined by lstart, and
-	The number of symbols allocated for the PUSCH is determined by nduration
Above n is the slot where DCI has been transmitted, but the corresponding slot number in the uplink is half n in a subcarrier spacing that is half of the DCH subcarrier spacing.
Proposal 12: In case the SCS of the scheduled PUSCH is smaller than the SCS of the scheduling DCI, the slot n, denoting the reference slot for the time-domain RA, is the PUSCH slot logically overlapping (excluding timing advance) the DL slot carrying the scheduling DCI 
4	TBS determination
Ran1 #90bis meeting agreed on the initial steps of the TBS determination as follows. 

Agreement:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only
Agreement:
· Calculate an “intermediate” number of information bits  where 
·  is the number of layers, 
·  is the modulation order, obtained from the MCS index
·  is the code rate, obtained from the MCS index
·  is number of resource elements
·  = Y * #PRBs_scheduled 
· When determining  (number of REs) within a slot
· Determine X =  12* #OFDM_symbols_scheduled – Xd – Xoh 
· Xd = #REs_for_DMRS_per_PRB in the scheduled duration
· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.
· Xoh is semi-statically determined
· Quantize X into one of a predefined set of values, resulting in Y
· [8] values
· Should allow for reasonable accuracy for all transmission durations
· May depend on the number of scheduled symbols
· FFS: floor, ceiling or some other quantization
· Note: quantization may not be needed
· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers
· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions

4.1	TBS determination: remaining steps
According to the agreements, a UE should be able to determine the TBS from the DCI information in that transmission only. In retransmissions, TBS determination procedure should provide the same TBS as in the earlier transmissions to have the soft combining at the UE side such that performance can be improved. Unlike in LTE, NR TBS and MCS also define the exact base graph to be used in the decoding, where variations can cause to use different PCMs at the encoder and decoder. LTE does not have this concern due to use of fix 1/3 turbo code. LTE TBS table also provides the same TBS in many other (#PRB,MCS) configurations, thus, has the flexibility to schedule one of several (#PRB,MCS) configurations in the retransmissions. 
In order to discuss the possibilities of retransmitting the same TBS, it is required to complete the remaining steps of the TBS determination. The following agreements were made in channel coding session to define the remaining steps. 
Agreement: 
· TBSs are byte-aligned

Agreement 4:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)

To have byte alignment and to obtain similar CBS, the following procedure should be applied. 
TBS determination from the “intermediate” number of information bits 


if 
		if 
TBS = 
		else
TBS = 

	end
else
TBS = 
end

The above procedure completes the TBS determination steps. However, we should discuss several other issues to verify the TBS determination works fine or require some special adjustments. 

Therefore, we check the flexibility of supporting the same TBS in multiple (#PRB, MCS) combinations, 
· Case 1: within a given Y (e.g. when the overhead and scheduled OFDM symbols are not varying significantly in the retransmission) 
· Case 2: across different Y (e.g. when the overhead and scheduled OFDM symbols are varying significantly in the retransmission) 
· Case 3: across different  (the number of layers changed in the retransmission)

First, we assume Case 1 with Y = 120,  #PRB from [1:1:275] and MCS table in Annex. There are problems to find other (#PRB, MCS) combinations to have the same “intermediate” number of information bits (in blue) or TBS (in orange) in retransmissions, showed as a percentage of failure per MCS index in Figure 2. 

· Blue – Failure percentages are calculated considering the number of instances (#PRB from [1:1:275]) that the same intermediate number of information bits () is not available for any other (#PRB, MCS) configuration.
· Orange - Failure percentages are calculated considering the number of instances (#PRB from [1:1:275]) that the same TBS is not available for any other (#PRB, MCS) configuration. 



Figure 2: Failure percentage versus MCS index. Y = 120, number of layers = 1

One may think that the particular selection of MCS and Y created this concern, to check that different predefined Y values [12:4:156] are investigated as in Figure 3. There are many (#PRB, MCS) combinations that provide unique TBS. Even though not presented here, we see the similar concern with any other MCS table.
[image: ]
Figure 3: Distribution of failures with different Y values. Y = 12:4:156. number of layers = 1

Observation: Unlike in LTE, there are certain (#PRB, MCS) combinations that provide unique TBS which may restrict the gNB to schedule the same TBS in retransmissions. 
We might see further increase in the percentages when considering other cases like Case 2 and 3. 
This problem can be fixed by having formula + table approach such that table entries used to mitigate the problematic resource allocations. TBS mismatching cases, i.e., (#PRB, MCS) combinations that do not have the same TBS in any other (#PRB, MCS) combinations should be identified and specified in the table.  
The proposed TBS determination procedure can be as follows. (#PRB, MCS) denoted as , and  denotes the problematic set. 
Proposed TBS determination: with special treatment for problematic cases.
when   
		if 
			if 
				TBS = 
			else
				TBS = 

			end
		else
			TBS = 
		end

otherwise, i.e., when , the TBS can be determined based on one of these two approaches. 
· Option 1: defines TBS for these combinations based on the nearby  and include them in the spec as a Table. 
· Option 2: define procedure to determine TBS based on online algorithms such as following, 

k = 0; 
	while 
		
		if and 
			
		else
			
		end
	end
use  when determining the TBS. 
	The above procedure can also be done such that not only is changed in  , but also  is 	changed. 
The set  can be defined such a way that it covers all the combinations of Case 1, certain combinations of Case 2 and 3. As the range of Y values are expected to be significantly different, there will be certain failure percentages that may not useful to fix. For example, it is not practical to fix all combinations of (#PRB, MCS) with Y = 156 and Y=24. 
Next, we check the modified TBS determination process assuming Case 1 combinations with Y = [12 36 60 72 108 120 132 144] and  Figure 4 shows that new procedure (in blue) provide the same TBS in many other (#PRB, MCS) and provides flexibility as in LTE for the retransmissions.  

[image: ]
Figure 4: Distribution of failures with modified TBS determination procedure

Proposal 13: TBS determination should be based on formula + table, where table contains the problematic resource allocations. Exact procedure is provided in the proposed TBS determination.

4.2	TBS determination: support of slot aggregation
Although we have agreed to support a data transmission spanning multiple slots using a single DCI, we have not defined how TB(s) would be mapped to these multiple slots.
The two basic options are:
· Option 1: one TB is mapped to multiple slots
· Option 1a: the TBS is determined in the same way as in single-slot scheduling. The main purpose is to provide extended coverage or improve the latency/reliability.
· Option 1b: the TBS is scaled up based on the number of slots being scheduled. This would provide a larger TBS.
· Option 2: one TB is mapped to one slot – i.e. multi-slot scheduling
· In this case, the data transmission in each slot is the same as the single-slot scheduling.

NR will support Option 1a based on the agreements made in NR Ad-hoc#3: “For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB” and “The repetitions follow an RV sequence”).
Support for Option 1b is FFS based on the following agreement made in NR Ad-hoc#3: “FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions”. The main advantage of option 1b is the reduced DL/UL control overhead because only a single TB is transmitted. However it can have the following issues/implications:
· It creates inefficiency in HARQ retransmission due to large TBS. CBG-based retransmission can be considered as one way to address the issue, but it requires multi-bit HARQ-ACK feedback and additional overhead in retransmission DCI, which would take away the potential advantage of reduced overhead.
· It can complicate the HARQ process and soft buffer discussion. It requires a HARQ process to support a much larger TBS and the corresponding soft buffer size for soft combining purpose. This could mean that less number of HARQ processes can be supported when more slots are aggregated. If we support the dynamic indication of the transmission duration, it in a way conflicts with the static/semi-static number of HARQ processes that a UE supports.
· It can also increase the latency because the retransmission would need to wait longer due to the long scheduling unit (e.g. when the transmission of another HARQ process occurs).

Option 2, on the other hand, is a simple way to support slot aggregation. As discussed in Section 4, such type of multi-slot scheduling will be needed for dynamic TDD and can be overall used to decrease the DL control overhead. Other than the proper DCI design to provide the scheduling information, the data transmission in each slot is essentially the same as in case of single-slot scheduling. In the DCI design, there may be some restrictions introduced to reduce the DCI overhead, causing that the scheduling info for the TB in each slot to be not completely independent as e.g. done for multi-subframe scheduling in LTE eLAA.
Proposal 14: In case of slot aggregation in Rel-15, the following option is supported: one TB is mapped to each slot.
Proposal 15: For grant-based DL or UL transmissions, a TB cannot span multiple slots without repetitions.

5	Conclusion
This contribution discussed a number of remaining open issues needing to be closed before the resource allocation and TBS selection can be completed in TS38.214. The following proposals are made: 

For resource allocation type 0
Proposal 1: Proposed RBG sizes for different BWP sizes
	BWP size [PRB]
	Configuration 1 (default)
	Configuration 2

	
	RBG size [PRB]
	# of RBGs
	RBG size [PRB]
	# of RBGs

	0-36
	2
	0-18
	4
	0-9

	37-130
	4
	10-33
	8
	5-17

	131-275
	8
	17-35
	16
	9-18



Proposal 2: The configuration 1 of the table is the default configuration
Proposal 3: The RBG is configured per BWP

For time-domain resource allocation, a departure from the current draft TS-38.214 is suggested, a draft specification text is included in section 3.1, summarized as below:
Proposal 4: UE is configured with a table where each row has three time-domain resource allocation fields, and a DCI carrying a PDSCH timing index selecting a row from the table. The fields being:: 
1. Slot offset from the slot with the DCI
2. Symbol number for the starting symbol of the PDSCH allocation (including DMRS)
3. Number of symbols with the slot allocated for PDSCH (including DMRS)
Proposal 5: Agree to use the same principle for the PUSCH timing
Proposal 6: Agree on the default PDSCH values in the proposed table 5.1.2.1-1 to TS38.214

Table 5.1.2.1-1: Default values for the PDSCH timing
	i
	K
	lstart
	nduration
	Explanation 
(not for specification)

	0
	0
	2
	12
	FDD, DMRS at symbol #2

	1
	0
	3
	11
	FDD, DMRS at symbol #3

	2
	0
	2
	10
	TDD, DMRS at symbol #2, short PUCCH in symbol #13

	3
	0
	3
	9
	TDD, DMRS at symbol #3, short PUCCH in symbol #13




Proposal 7: Up to 4-bit PDSCH timing indication is supported for slot based scheduling, if no other fields such as slot-repetition is not added to the configured table
Proposal 8: Up to 5-bit PUSCH timing indication is supported for slot based scheduling, if no other fields such as slot-repetition is not added to the configured table

For mini-slot related time-domain resource allocation, the same descrption as suggested for slot-based scheduling works without modifications, but the configured table would need to be different to cater for different allocations
Observaton: No more bits required for mini-slot scheduling than for slot scheduling in the DL or in the UL
Observaton: A separate timing configuration table is required for mini-slot scheduling
Observation: Identification of slot or mini-slot scheduling needs to be decided by RAN1
Proposal 9: Different timing tables are configured for mini-slot scheduling – independently for the DL and for the UL

For slot aggregation, Even though now concrete proposal is made on how the DCI should include the slot-repetition, the following principal proposals are made: 
Proposal 10: In case of slot-based scheduling, the number of slots for a data transmission can be dynamically indicated in DCI. The starting symbol and ending symbol are applied to all the aggregated slots
Proposal 11: A slot-aggregate consist of 1, 2, 4 or 8 slots with the possibility to extend it to larger values in the future
If agreeable, a decision is also needed on how the DCI incorporates the indication. One possibility is to include it to the table to be configured. This would likely require increasing the maximum number of rows in the table with at least 1 bit.

For Supplemental Uplink with a smaller SCS than applied on the scheduling carrier, some special care needs to be taken on matching the slot numbers in the allocation:
Proposal 12: In case the SCS of the scheduled PUSCH is smaller than the SCS of the scheduling DCI, the slot n, denoting the reference slot for the time-domain RA, is the PUSCH slot logically overlapping (excluding timing advance) the DL slot carrying the scheduling DCI 

For TBS determination:
Proposal 13: TBS determination should be based on formula + table, where table contains the problematic resource allocations. Exact procedure is provided in the proposed TBS determination.
Proposal 14: In case of slot aggregation in Rel-15, the following option is supported: one TB is mapped to each slot.
Proposal 15: For grant-based DL or UL transmissions, a TB cannot span multiple slots without repetitions.

Annex
Table 1: MCS table for 256 QAM
	MCS index
	Modulation order 
	Target code rate
	Spectral Efficiency

	0
	2
	  1/16
	0.125

	1
	2
	  1/8 
	0.25

	2
	2
	  3/16
	0.375

	3
	2
	  1/4 
	0.5

	4
	2
	  5/16
	0.625

	5
	2
	  3/8 
	0.75

	6
	2
	  7/16
	0.875

	7
	2
	  1/2 
	1

	8
	2
	  9/16
	1.125

	9
	2
	  5/8 
	1.25

	10
	4
	  3/8 
	1.5

	11
	4
	  7/16
	1.75

	12
	4
	  1/2 
	2

	13
	4
	  9/16
	2.25

	14
	4
	  5/8 
	2.5

	15
	4
	 11/16
	2.75

	16
	4
	  3/4 
	3

	17
	6
	  9/16
	3.375

	18
	6
	  5/8 
	3.75

	19
	6
	 11/16
	4.125

	20
	6
	  3/4 
	4.5

	21
	6
	 13/16
	4.875

	22
	6
	  7/8 
	5.25

	23
	8
	 11/16
	5.5

	24
	8
	  3/4 
	6

	25
	8
	 13/16
	6.5

	26
	8
	  7/8 
	7

	27
	8
	 15/16
	7.5

	28
	2
	Reserved 

	29
	4
	

	30
	6
	

	31
	8
	




   

















Percentage of failure 
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