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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements/working assumptions were reached in previous RAN1 meetings:
Agreement: RAN1-NR#3 ‎[1]
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
Agreements: RAN1#90bis ‎[2]
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session
Agreements: RAN1#91 ‎[3]
· One table for UL, one table for DL configured by RRC in Rel-15
· Each table is up to 16 rows
· In the table, each row is configured by RRC with 
· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL table)
· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
· PDSCH mapping type A or B
· The reference point for starting OFDM symbol:
· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)
· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 
· No additional RRC impact how to use the aggregation factor along with the tables
Working assumption: RAN1#91 ‎[3]
Encode OFDM symbol start and length into the resource index RIV according to
L = length
S=start
if (L-1)<7 then
RIV=14(L-1)+S
else
RIV=14(14-L+1)+(14-1-S)
[bookmark: OLE_LINK196][bookmark: OLE_LINK197]Agreements: RAN1#AdHoc1801 [4]
· Slot boundary is the reference point for starting time of resource allocation for PDSCH (type A only) and PUSCH (type A or type B)
· Slot boundary is the reference point for starting time of resource allocation for PDSCH for type B
For PDSCH:
· Supported combinations for PDSCH mapping type A:
· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.
· Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed 
· FFS the value of X
· Supported combinations for PDSCH mapping type B:
· Length of the PDSCH can be 2, 4, or 7 symbols.
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
For PUSCH
· PUSCH mapping type A:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols
· FFS the value of Y
· PUSCH mapping type B (All 105 combinations)
· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
Agreements: RAN1#90bis [2]
· 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
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK27][bookmark: OLE_LINK28]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
· [bookmark: OLE_LINK37][bookmark: OLE_LINK39]Note: quantization may not be needed
· [bookmark: OLE_LINK13][bookmark: OLE_LINK22]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
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In this contribution, some of remaining issues of resource allocation in both time and frequency domain as well as TBS determination are discussed. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK179][bookmark: OLE_LINK181]Frequency-domain resource allocation
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]RBG size
In RAN1#90bis ‎[2], it was agreed that RBG size is determined based on Table 1.
[bookmark: _Ref497220958]Table 1. RBG table agreed in RAN1#90bis ‎[2].
	BWP bandwidth Part Size
	[bookmark: OLE_LINK76][bookmark: OLE_LINK80]Configuration 1
	Configuration 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

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

	…
	…
	…


We have two considerations for the RBG table:
· The first consideration is to align with the agreements on CSI subband table, which is given in Table 2, whereby the range value of 72, 144 and 275 can be adopted directly in the RBG table, and to further support the RBG size of 2, a value of 36 can be further added as a boundary for RBG table to align the bits for the boundary values, which is shown in the first column in Table 3. In this way, for Config 1, 18 bits are enough for RA field for all BWP bandwidths. 
[bookmark: _Ref502856403][bookmark: _Ref502856341]Table 2. CSI subband size table
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs)

	< 24
	N/A

	24 – 72
	4,8

	73 – 144
	8,16

	145 – 275
	16,32


· The second consideration is to support the same RBG size for BWPs with different sizes. It can reduce the collision probability of resource allocation, and further improves the spectrum efficiency as shown in Figure 1, which is a simple simulation of resource allocation collision probability with the increasing number of UEs. Alt1 is to set different RBG sizes for different BWPs (50% of UEs adopt BWP with 50RBs (RBG=4) and 50% of UEs adopt BWP with 100RBs (RBG=8)) and Alt2 is to set the same RBG size for different BWPs (50% of UEs adopt BWP with 50RBs (RBG=4) and 50% of UEs adopt BWP with 100RBs (RBG=4)). Collision is defined as the case that there is no available resource for a UE. The probability of collision is defined as the {Number of collision UEs/Total number of UEs}. It can be observed that the same RBG size for different BWPs can obviously reduce the probability of collision.  
[image: ]
[bookmark: _Ref498358552]Figure 1. Probability of collision with different or same RBG size for BWPs with different sizes.
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Based on the analysis above, the RBG size table can be designed as follows: 
[bookmark: _Ref498594472]Table 3. RBG table
	[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	<=36
	2
	4

	37-72
	4
	8

	73-144
	8
	16

	>=145
	16
	8



Proposal 1: The RBG size table is designed as follows: 
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	<=36
	2
	4

	37-72
	4
	8

	73-144
	8
	16

	>=145
	16
	8


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]
[bookmark: OLE_LINK184][bookmark: OLE_LINK185]VRB-to-PRB mapping
[bookmark: OLE_LINK186][bookmark: OLE_LINK187]The applicability of VRB-to-PRB mapping
[bookmark: OLE_LINK182][bookmark: OLE_LINK183]For the VRB-to-PRB mapping, before mapping from virtual to physical resource blocks, the complex-valued symbols are mapped to virtual resource blocks, which are described without differentiate between resource allocation type 0 and type 1 in the current TS38.211. However current descriptions in TS38.211 of mapping to virtual resource blocks are misaligned with the DCI signaling “VRB-to-PRB mapping” in TS38.212 and the description of resource allocation type 0 in TS38.214. Some solutions to correct the above incoordination and the corresponding text proposal are provided in our contribution [8].
The VRB-to-PRB mapping for initial DL active BWP



Besides, for interleaving VRB-to-PRB mapping, it was agreed in [3] that the set of  resource blocks in carrier bandwidth part  with starting position  are divided based on common resource blocks. However, due to the unawareness of common resource block 0 before receiving RMSI, such division is only applicable for UE-specific RRC configured BWP in connected state. As stated in [4], for the case that PDSCH is transmitted in initial active DL bandwidth part, the resource-block bundles should be divided starting from the physical resource block 0 in the initial active DL bandwidth part instead of common resource block 0. Detailed draft CR on DVRB in TS38.211 can be found in our contribution [9].
Proposal 2: For interleaving of PDSCH transmitted in initial active DL bandwidth part, resource-block bundles are divided starting from the physical resource block 0 in the initial active DL bandwidth part.
Time domain resource allocation
[bookmark: OLE_LINK267][bookmark: OLE_LINK268]Time domain RA indication in higher layer signalling
In the last meeting, for different mapping type, the supported combination of starting and length has been agreed. 


[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK63][bookmark: OLE_LINK72][bookmark: OLE_LINK77][bookmark: OLE_LINK234][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK241]For PDSCH, supported combinations for PDSCH mapping type A are starting symbol index #0,1,2,3 and length X~14 symbols. The value of X is FFS. Because for PDSCH mapping type A, the position of DMRS symbols is if the higher-layer parameter DL-DMRS-typeA-pos equals 3 and  otherwise, X should be bigger than 2. Considering the overhead of X≤4 is the same and in order to support flexible scheduling, X=3 should be supported. 

For PUSCH, supported combinations for PUSCH mapping type A: Starting symbol is symbol index #0 in a slot and Length of the PUSCH is at least Y symbols, up to 14 symbols. The value of Y is FFS. Because for PUSCH mapping type A, the position of DMRS symbols is 2 or 3 configured by the higher-layer parameter DL-DMRS-typeA-pos, Y should be bigger than 2. Considering the overhead of Y4 is the same and in order to support flexible scheduling, Y=3 should be supported. 
Besides, in the agreed RRC parameter list, for PUSCH resource allocation, using 6 bits to indicate the index-start-len and for PDSCH resource allocation, using 7 bits to indicate the index-start-len. However, the index-start-len is not specified. Because of the following reasons, the mapping of index-start-len to SLIV should be supported to indicate the SLIV in higher layer signaling.
· To support using 6 bits to indicate the SLIV, because the total number of SLIV is 105. 
· To avoid the invalid combination value of start and length 
[bookmark: OLE_LINK285]Also, in order to avoid the misunderstanding between gNB and UE, the mapping of index-start-len to SLIV should be fixed in specs. The following tables 4~7 are shown the mapping of index-start-len to SLIV with supported combination. Detailed draft CR for time domain resource allocation in 38.214 v15.0.0 can be found in our contribution [5].
· [bookmark: OLE_LINK265][bookmark: OLE_LINK266]For PDSCH, supported combinations for PDSCH mapping type A: Starting symbol can be symbol index #0, 1, 2, 3 in a slot, and Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed. The following Table 4 is the mapping of Index-start-len to SLIV for PDSCH mapping type A with X=3. 
[bookmark: _Ref505162892][bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK250][bookmark: OLE_LINK251]Table 4. The mapping of Index-start-len to SLIV for PDSCH mapping type A
	Index-start-len
	SLIV
	Length
	start

	0~3
	28~31
	3
	0~3

	4~7
	42~45
	4
	0~3

	8~11
	56~59
	5
	0~3

	12~15
	70~73
	6
	0~3

	16~19
	84~87
	7
	0~3

	20~23
	98~101
	8
	0~3

	24~27
	92~95
	9
	0~3

	28~31
	79~82
	10
	0~3

	32~35
	66~69
	11
	0~3

	36~38
	53~55
	12
	0~2

	39~40
	40~41
	13
	0~1

	41
	27
	14
	0


[bookmark: OLE_LINK84][bookmark: OLE_LINK85]
· [bookmark: OLE_LINK222][bookmark: OLE_LINK261][bookmark: OLE_LINK211][bookmark: OLE_LINK212][bookmark: OLE_LINK204][bookmark: OLE_LINK205]For PDSCH, supported combinations for PDSCH mapping type B: Length of the PDSCH can be 2, 4, or 7 symbols and Starting symbol can be any position within a slot, such that slot boundary is not crossed. The following Table 5 is the mapping of Index-start-len to SLIV for PDSCH mapping type B.
[bookmark: _Ref505163187][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK252][bookmark: OLE_LINK246][bookmark: OLE_LINK247]Table 5. The mapping of Index-start-len to SLIV for PDSCH mapping type B
	Index-start-len
	SLIV
	Length
	start

	0~12
	14~26
	0~12
	2

	13~23
	42~52
	0~10
	4

	24~31
	84~91
	0~7
	7


· For PUSCH, supported combinations for PUSCH mapping type A: Starting symbol is symbol index #0 in a slot and Length of the PUSCH is at least Y symbols, up to 14 symbols. The following Table 6 is the mapping of index-start-len to SLIV for PUSCH mapping type A with Y=3.
[bookmark: _Ref505163526][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK248][bookmark: OLE_LINK249]Table 6. The mapping of Index-start-len to SLIV for PUSCH mapping type A
	Index-start-len
	SLIV
	Length
	start

	0
	28
	3
	0

	1
	42
	4
	0

	2
	56
	5
	0

	3
	70
	6
	0

	4
	84
	7
	0

	5
	98
	8
	0

	6
	92
	9
	0

	7
	79
	10
	0

	8
	66
	11
	0

	9
	53
	12
	0

	10
	40
	13
	0

	11
	27
	14
	0


· For PUSCH, supported combinations for PUSCH mapping type B: PUSCH mapping type B (All 105 combinations) and Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption. Starting symbol can be any position within a slot, such that slot boundary is not crossed. Because the overhead of with 1 symbols is the same as the overhead of without 1 symbol and in order to support flexible scheduling, with 1 symbol should be supported. The following Table 7 is the mapping of Index-start-len to SLIV for PUSCH mapping type B.
[bookmark: _Ref505163795][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Table 7. The mapping of Index-start-len to SLIV for PUSCH mapping type B
	Index-start-len
	[bookmark: _Hlk505163876]SLIV
	Length
	start

	0~13
	0~13
	1
	0~13

	14~26
	14~26
	2
	0~12

	28~39
	28~39
	3
	0~11

	42~52
	42~52
	4
	0~10

	56~65
	56~65
	5
	0~9

	70~78
	70~78
	6
	0~8

	84~91
	84~91
	7
	0~7

	98~104
	98~104
	8
	0~6

	92~97
	92~97
	9
	0~5

	79~83
	79~83
	10
	0~4

	66~69
	66~69
	11
	0~3

	53~55
	53~55
	12
	0~2

	40~41
	40~41
	13
	0~1

	27
	27
	14
	0


[bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK286][bookmark: OLE_LINK287][bookmark: OLE_LINK110][bookmark: OLE_LINK112][bookmark: OLE_LINK223][bookmark: OLE_LINK202][bookmark: OLE_LINK203][bookmark: OLE_LINK258][bookmark: OLE_LINK259]Proposal 3: The mapping of index-start-len to SLIV should be supported to indicate the SLIV in higher layer signaling, e.g. 6bits for DL, 7bits for UL. 
Time domain RA for DCI scheduling RMSI/OSI/ Paging/RA/Msg3
It has been agreed that NR supports a DCI format having the same size as the DCI format 1_0 to be used to schedule RMSI/OSI, for Paging, and for random access. For this DCI format, used for scheduling RMSI/OSI, for Paging, and for Msg2 and Msg4, there is no RRC configuration, so the time domain resource table should be predefined. The most straightforward method is to predefine one entry, such as the length=one slot. But considering the control plane latency requirement, slot-based scheduling may not be enough and it has been agreed that for the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported. For example, the time domain resource allocation table for DL fallback DCI could be as in Table 8, and the reference point for starting OFDM symbol could be slot boundary. 
[bookmark: _Ref503527612][bookmark: _Ref505171430][bookmark: OLE_LINK191][bookmark: OLE_LINK192]Table 8. Time-domain resource table for DCI scheduling RMSI/OSI/ Paging and random access 
	index
	K0
	start
	Length
	PDSCH mapping type

	0
	0
	0
	2
	Type B

	1
	0
	0
	4
	Type B

	2
	0
	0
	7
	Type B

	3
	0
	0
	12
	Type A



For this DCI format, used for Msg3 scheduling, there is no RRC configuration, so the time domain resource table should be predefined. It has been agreed that for the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PUSCH is supported. For example, the time domain resource allocation table could be as in Table 9, and the reference point for starting OFDM symbol could be slot boundary. 
[bookmark: _Ref503527641]Table 9. Time-domain resource table for DCI scheduling Msg3
	[bookmark: _Hlk505605994]index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	[bookmark: _Hlk505605887]3
	2
	0
	12
	Type A

	[bookmark: _Hlk505608288]4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B



It has been agreed that the slot boundary is the reference point for starting symbol of resource allocation for PDSCH mapping type A and type B. But for RMSI Scheduling, in order to reduce the delay of initial access, there are many possible starting symbols, then the table will be so big, which lead big overhead in DCI. Considering scheduling flexibility and overhead, we think the reference point for starting symbol of resource allocation for RMSI/OSI/ Paging and random access should be the staring or ending symbol of PDCCH scheduling these messages.
[bookmark: OLE_LINK113][bookmark: OLE_LINK120][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Proposal 4: For DCI scheduling RMSI/OSI/ Paging and random access, the time domain resource table should be predefined as following:
	index
	K0
	start
	Length
	PDSCH mapping type

	0
	0
	0
	2
	Type B

	1
	0
	0
	4
	Type B

	2
	0
	0
	7
	Type B

	3
	0
	0
	12
	Type A



[bookmark: OLE_LINK38][bookmark: OLE_LINK40][bookmark: OLE_LINK121]Proposal 5: For DCI scheduling Msg3, the time domain resource table should be predefined as following:
	[bookmark: OLE_LINK214][bookmark: OLE_LINK215]index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	3
	2
	0
	12
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B


[bookmark: OLE_LINK21][bookmark: OLE_LINK23]Time domain RA for ECP
Time domain RA table in higher layer signaling for ECP:
The current SLIV design focuses on NCP case, the slot length 14 and half-slot length 7 in the SLIV equation are based on NCP slot. Considering ECP case, 12 symbols is contained within a slot and 6 symbols within a half-slot. In order to support that UE is not expect to receive the time resource allocation across slot boundaries, for ECP, support the length of PDSCH/PUSCH with mapping type A and type B up to 12 symbols. 
Furthermore, for PDSCH mapping type B, it has agreed that the length of the PDSCH scheduled can be 2, 4, or 7 symbols, starting symbol can be any position within a slot. Considering the UE configured ECP, the length of 7 symbols may lead to some undesired issues as following: 
· The first issue is the ECP SFI of two switch point, scheduled length of 7 will break the frame structure.
·  The second issue is the FDM multiplexing of ECP and NCP, the length of 7 ECP symbols is longer than 0.5ms, 0.5ms boundary alignment is not achieved. 
So for PDSCH mapping type B, the length of the PDSCH scheduled should be 2, 4, or 6 symbols.
[bookmark: OLE_LINK162][bookmark: OLE_LINK163]Besides, for DL time domain resource allocation, as described above, 6bits to indicate the SLIV with the mapping of index-start-len to SLIV should be supported in higher layer signalling. For the mapping of index-start-len to SLIV for PDSCH mapping type B, length of PDSCH can be 2, 4, 7 symbols for NCP and length of PDSCH can be 2, 4, 6 symbols for ECP, considering that one 6 bits mapping of index-start-len to SLIV for PDSCH mapping type B can support length symbol 2, 4, 6, 7, one mapping table used for NCP and ECP should be designed.
Proposal 6: For ECP, support combinations for PDSCH/PUSCH mapping type A and type B
· For PDSCH mapping type A, starting symbol can be symbol index #0,1,2,3 in a slot, length of the PDSCH is up to 12 symbols
· For PDSCH mapping type B, length of the PDSCH can be 2,4, or 6 symbols, starting symbol can be any position within a slot
· For PUSCH mapping type A, starting symbol is symbol index#0 in a slot, length of the PUSCH is up to 12 symbols
· For PUSCH mapping type B, length of the PUSCH is up to 12 symbols, starting symbol can be any position within a slot.
The time domain RA table for fallback DCI with ECP:
For DL and UL fallback DCI, the predefined time domain resource allocation table should also consider the ECP case. In order to reduce the overhead of signaling to indicate the time domain resource allocation for fallback DCI, the time domain RA table should be predefined for NCP and ECP respectively. For DL/UL fallback DCI, the time domain resource allocation tables for ECP are shown in Table 10 and Table 11.
Table 10. Time-domain RA table for DL fallback DCI for ECP
	index
	K0
	start
	Length
	PDSCH mapping type

	0
	0
	0
	2
	Type B

	1
	0
	0
	4
	Type B

	2
	0
	0
	6
	Type B

	3
	0
	0
	10
	Type A


[bookmark: OLE_LINK32]Table 11. Time-domain RA table for UL fallback DCI for ECP
	index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	6
	Type B

	3
	2
	0
	10
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	6
	Type B

	7
	2
	2
	10
	Type B



[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK289][bookmark: OLE_LINK281][bookmark: OLE_LINK282]Proposal 7: For DL/UL fallback DCI, the time domain resource allocation table should be predefined for ECP.
Slot aggregation
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the last meeting, it is agreed that for DCI granted multi-slot transmission, if semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH/PUCCH transmission in that slot is not received/transmitted. In this case, whether the conflicting slot will be counted as the aggregated slot or not is not determined. However, different count methods mean different slots for data transmission. The two methods shown in Figure 2 are as follows:
· Option 1: conflicting slot will NOT be counted as the aggregated slot.
· [bookmark: OLE_LINK26][bookmark: OLE_LINK31]Option 2: conflicting slot will be counted as the aggregated slot.


[bookmark: OLE_LINK165][bookmark: _MON_1579332383][bookmark: OLE_LINK180]      
[bookmark: _Ref505591725]Figure 2. The count methods of conflicting slot for slot aggregation data transmission
[bookmark: OLE_LINK256][bookmark: OLE_LINK257]For option 2, the slot number of actual date transmission will less than the configured aggregation-factor-DL/UL, which will reduce the number of repetition and performance. In this case, the requirement of coverage performance will not be guarantee. For option 1, the slot number of actual data transmission can ensure the same as the configured aggregation-factor-DL/UL and the coverage performance is same as the case of no confliction slots. According the above analysis, the option 1 should be supported. Detailed draft CR for TBS in TS38.214 can be found in our contribution [5]. 
[bookmark: OLE_LINK226][bookmark: OLE_LINK227]Proposal 8: If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the slot is not counted as the aggregated slot.
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK244]Besides, when the initial data transmission is configured with aggregationFactorUL > 1 or aggregationFactorDL > 1 and the transmission is failed, the gNB will send a DCI to schedule retransmission. In this case, for the DCI scheduling retransmission, the same aggregation factor is reused, which should be specified in the specification. For example, if the initial data transmission is configured with aggregation factor =4, and if the data is fail to decode, then when gNB schedules the retransmission, the aggregation factor is also equal to 4. Detailed draft CR for TBS in TS38.214 can be found in our contribution [5]. 
[bookmark: OLE_LINK245][bookmark: OLE_LINK255]Proposal 9: For DCI based retransmission of slot aggregation, the same aggregation factor is reused, which should be specified in the specification.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]TBS determination






[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK41][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: _Hlk500489688]In RAN1 #90bis meeting, it is agreed that the UE shall first determine the number of REs (NRE)  within the slot. A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in the frequency domain in a physical resource block,   is the number of scheduled OFDM symbols in a slot,   is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups indicated by DCI format 1_0/1_1, and   is the overhead configured by higher layer parameter Xoh-PDSCH. If the Xoh-PDSCH is not configured (a value from 0, 6, 12, or 18), the Xoh-PDSCH is set to 0. 

[bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK111][bookmark: OLE_LINK190][bookmark: OLE_LINK201]For the DCI format 0_1/1_1, the number of REscan be determined as the overhead of the DMRS CDM groups indicated in DCI. However, for fallback DCI/RMSI/Paging/RAR, there is no overhead indication of the DMRS CDM groups. In this case, how to determine the number of REs for DMRS per PRB should be studied. For example, for RMSI receiving, there is no RRC configuration, in this case, the overhead of DMRS can fixed as the actual number REs of DMRS transmission, e.g. value 4. For unicast data transmission with DCI format 0_0/1_0, because it only support one port one layer transmission, if UE is configured with RRC parameters DL-DMRS-config-type and/or DL-DMRS-max-len, UE can determine the overhead number according to the RRC parameters. Considering the simple and uniform design for all the data transmission with DCI format 0_0/1_0, one possible approach is to fix the number of REs for DMRS overhead per PRB for DCI format 0_0/1_0, such as 4 REs. Detailed draft CR for TBS in TS38.214 can be found in our contribution [6].
[bookmark: OLE_LINK116][bookmark: OLE_LINK290]Proposal 10: Fixed value 4 of DMRS overhead should be supported for DCI format 0_0/1_0.

[bookmark: OLE_LINK232][bookmark: OLE_LINK233]Besides, regarding the configuration of overhead, considering the dynamic time-frequency resource allocation for data transmission, if only one value is configured by semi-static signaling, there will be a big gap between the number of resource elements used for TBS calculation and the actual available number of resource elements. For example, if the REs of CSI-RS and CORESET are located as Figure 3. According to the Figure 3, if the symbol of data transmission is index 3~4, the overhead is 0 REs; if the symbol of data transmission is index 3~6, the overhead is 6 REs; if the symbol of data transmission is index 3~9, the overhead is 12 REs; if the symbol of data transmission is index 3~11, the overhead is 18 REs. Because of the dynamic time domain resource allocation, if only one overhead value is configured by semi-static signaling, the number of calculated REs is different from the number of actual REs, which will cause the error of code rate and reduce the performance, especially for the data transmission with smaller length of time domain resource allocation, such as 2, 4, 7 symbols.

[bookmark: OLE_LINK260][bookmark: _MON_1579968702]     
Figure 3. The count methods of conflicting slot for slot aggregation data transmission
[bookmark: OLE_LINK325][bookmark: OLE_LINK326]One possible approach is to configure multiple overhead values by semi-static signaling, and one overhead value is determined by the actual resource allocation. For example, according to the number of scheduled symbols, four overhead values are configured, e.g. overhead values {0, 6, 12, 18} corresponding to number of scheduled OFDM symbols {2, 4, 7, 14}. In this way, a more accurate TBS can be calculated.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK97][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK229][bookmark: OLE_LINK230]Proposal 11: For TBS calculation, multiple overhead values are configured by semi-static signaling, and one overhead value is determined by the number of scheduling data transmission symbols.
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK98][bookmark: OLE_LINK105]In RAN#90 meeting, it is agreed that TBS determination for specific packet sizes (e.g., VoIP, etc.) should be considered. Similar as LTE, the TBS for VoIP should be calculated by the formula: TBS of VoIP = RTP payload size + RoHC header size + L2 header size + Additional info. The detailed values of RoHC header size, L2 header size, and Additional info need RAN2’s further conclusion. Therefore, RAN1 need send a LS to RAN2 providing the detailed TBS of VoIP and RAN1 will check the current TBS table whether it is match the requirement.
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK231]Proposal 12: RAN1 need send a LS to RAN2 ask them provide the detailed TBS of VoIP.
[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: The RBG size table is designed as follows: 
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	<=36
	2
	4

	37-72
	4
	8

	73-144
	8
	16

	>=145
	16
	8



Proposal 2: For interleaving of PDSCH transmitted in initial active DL bandwidth part, resource-block bundles are divided starting from the physical resource block 0 in the initial active DL bandwidth part.
Proposal 3: The mapping of index-start-len to SLIV should be supported to indicate the SLIV in higher layer signaling, e.g. 6bits for DL, 7bits for UL. 
Proposal 4: For DCI scheduling RMSI/OSI/ Paging and random access, the time domain resource table should be predefined as following:
	index
	K0
	start
	Length
	PDSCH mapping type

	0
	0
	0
	2
	Type B

	1
	0
	0
	4
	Type B

	2
	0
	0
	7
	Type B

	3
	0
	0
	12
	Type A



Proposal 5: For DCI scheduling Msg3, the time domain resource table should be predefined as following:
	index
	K2
	start
	Length
	PUSCH mapping type

	0
	2
	0
	2
	Type B

	1
	2
	0
	4
	Type B

	2
	2
	0
	7
	Type B

	3
	2
	0
	12
	Type A

	4
	2
	2
	2
	Type B

	5
	2
	2
	4
	Type B

	6
	2
	2
	7
	Type B

	7
	2
	2
	10
	Type B



Proposal 6: For ECP, support combinations for PDSCH/PUSCH mapping type A and type B
· For PDSCH mapping type A, starting symbol can be symbol index #0,1,2,3 in a slot, length of the PDSCH is up to 12 symbols
· For PDSCH mapping type B, length of the PDSCH can be 2,4, or 6 symbols, starting symbol can be any position within a slot
· For PUSCH mapping type A, starting symbol is symbol index#0 in a slot, length of the PUSCH is up to 12 symbols
· For PUSCH mapping type B, length of the PUSCH is up to 12 symbols, starting symbol can be any position within a slot.
[bookmark: _GoBack]Proposal 7: For DL/UL fallback DCI, the time domain resource allocation table should be predefined for ECP.
Proposal 8: If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the slot is not counted as the aggregated slot.
Proposal 9: For DCI based retransmission of slot aggregation, the same aggregation factor is reused, which should be specified in the specification.
Proposal 10: Fixed value 4 of DMRS overhead should be supported for DCI format 0_0/1_0.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 11: For TBS calculation, multiple overhead values are configured by semi-static signaling, and one overhead value is determined by the number of scheduling data transmission symbols.
Proposal 12: RAN1 need send a LS to RAN2 ask them provide the detailed TBS of VoIP.
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