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Introduction
This contribution discusses PDSCH and PUSCH resource allocation including frequency domain resource allocation, time domain resource allocation and TBS determination. Section 2 is a revision of R1-1712410 [1] and section 5 is a revision of R1-1712412 [2] taking into account the discussion and agreements in the last RAN1 meeting.
Frequency domain resource allocation
RBG-based resource allocation
Regarding the details of RBG-based resource allocation (RA), the agreements from RAN1 AH#2 are as follows.
Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation. 
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination: 
· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap. 
· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs. 
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI). 
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one). 
· Opt. 5: RBG size is determined depending on the size of the BWP. 
· Other options are not precluded. 
A UE may be configured to transmit/receive on a bandwidth part of smaller bandwidth compared to the carrier bandwidth. Note that for small to moderate bandwidth carriers, the carrier bandwidth defaults to a single bandwidth part. In general the RBG size can be proportional to the bandwidth of the configured bandwidth part (Option 5). 
Options1 and 2 propose network configuration of the RBG size/number, which implies RRC signaling. This is problematic at least during RRC (re)configuration or during initial access because the RRC configuration itself is transmitted on a PDSCH which then needs to be scheduled using some default resource allocation type. 
Options 3 and 4 propose further optimization of RBG size to reduce the DCI overhead for certain use cases, e.g. URLLC. For example, in order to improve the reliability of DCI transmission, RBG size is increased so as to reduce the DCI overhead in Option 3. However, a default RBG size is still needed for e.g. normal DCI and/or normal transmission duration.
Option 5 is preferred if the increase in DCI overhead is not an issue for a wide bandwidth carrier. Besides, a UE can be scheduled on smaller bandwidth parts. With this approach once a bandwidth part is activated the RBG size is known. 
A new resource allocation scheme based on LTE DL RA type 0 was proposed in [3]. The bit width of RA field in DCI is , where X stands for DL or UL, and P is the RBG size. Dynamic switching between the RBG size which is a function of the number of PRBs within the BWP and RBG size=1 is supported while keeping the RA overhead the same. The motivation is to support finer granularity and dynamic switching between large and small granularities at the cost of higher signaling overhead. For example, assuming maximum RBG size of 16 and RBG sizes of 1, 2, 4, 8, 16, additional 5 bits are needed. Rather than introducing a new RA scheme, dynamic switching between large and small granularities can be achieved by dynamically switching between RBG-based and RIV-based RA types and small resource allocation granularity can be achieved by RIV-based RA. Furthermore, note that RIV-based RA type can allocate arbitrary number of PRBs from any PRB within the BWP while the proposed scheme can only allocate PRBs within a portion of the BWP if smaller RBG size is used. 
Proposal 1: The RBG size for scheduling a UE in a BW part is determined by the bandwidth of the BW part.
Contiguous frequency-domain RA
It was agreed that contiguous resource allocation schemes based on LTE UL RA Type 0 and LTE DL RA Type 2 are supported for the PUSCH and PDSCH respectively. One FFS point is whether a coarser granularity of RA is supported to further reduce the overhead. The motivation is to reduce DCI overhead for e.g. URLLC.
For LTE UL RA Type 0 and LTE DL RA Type 2, the number of bits for frequency-domain RA is  for N PRBs. If a coarser granularity is supported, it is straightforward to reuse the resource allocation scheme in LTE DCI format 1C. The number of bits is. A comparison of field length of contiguous and non-contiguous frequency-domain RA is shown in Table 1 below assuming some of the RB values agreed for NR [4].
Table 1: Field lengths of contiguous and non-contiguous frequency-domain RA
	
	RBG size/Step size
	Field Length of LTE DL RA type 0
	Field Length of LTE DL RA type 2/UL RA Type0

	52
	1
	52
	11

	
	2
	26
	9

	
	4
	13
	7

	
	8
	7
	5

	
	16
	4
	3

	106
	1
	106
	13

	
	2
	53
	11

	
	4
	27
	9

	
	8
	14
	7

	
	16
	7
	5

	216
	1
	216
	15

	
	2
	108
	13

	
	4
	54
	11

	
	8
	27
	9

	
	16
	14
	7

	273
	1
	273
	16

	
	2
	137
	14

	
	4
	69
	12

	
	8
	35
	10

	
	16
	18
	8


The number of bits for 20MHz LTE DL RA type 2/UL RA Type0 frequency-domain RA is 13. For the maximum NR BW of 273PRBs which is 2.73 times the maximum number of RBs in LTE, only 3additional bits are required to achieve 1 RB granularity RA. This number can be approached by to the RBG-based non-contiguous frequency-domain RA when the largest RBG size of 16 is used.
The number of bits for contiguous RA can be further reduced by coarser granularity with less scheduling flexibility. Whether a coarser granularity than 1 RB of resource assignment for contiguous frequency domain resource allocation is supported in NR should be determined based on the performance evaluation and the requirement of scheduling flexibility.
Proposal 2: Coarser granularity than 1 RB of resource assignment for contiguous frequency-domain resource allocation can be considered in NR if sufficiently justified.
Time domain resource allocation
Background
NR shall support flexible time domain resource allocation for DL and UL data transmission. 
At RAN1 #88bis it was agreed that the duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. 
At the NR AH#2 meeting, the first DMRS position of PDSCH was agreed as follows.
Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rdor 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rdor 4th symbol of the slot and 1st symbol of the scheduled data
In RAN1#90 meeting, a working assumption on the first DMRS position for slot-based scheduling was agreed.
Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
In RAN1#90 meeting, the following agreements were reached on time domain resource allocation.
Agreements:
· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· One-slot case:
· Starting symbol and ending symbol in the slot.
· Which slot it applies to
· 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
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment
Discussion
According to the agreement, one-slot scheduling, multi-slot scheduling, mini-slot scheduling and possibly their combinations are supported in NR.
For multi-slot scheduling, there are two cases. Case 1 is slot aggregation and case 2 is aggregation of slot and mini-slot as shown below.


Figure 1: multi-slot scheduling
Slot aggregation can be used to extend coverage or improve reliability by repetition. Besides, slot aggregation can also be used for multi-slot scheduling which is similar to LTE multi-subframe scheduling in TDD UL-DL configuration 0. Aggregation of slot and mini-slot can be used for unlicensed band operation for efficient resource utilization.
We discuss symbol-level resource allocation and slot-level resource allocation in the following sections respectively.
1.1.1 Symbol-level resource allocation
In this section, we discuss symbol-level resource allocation for different time domain resource allocation types. Based on the agreements, starting symbol and ending symbol need to be informed to the UE for one-slot scheduling, multi-slot scheduling and mini-slot scheduling. 
Single slot DL scheduling
For one-slot PDSCH scheduling, PDSCH may not start from the first symbol in the slot
· to avoid collision with PDCCH, and/or
· to leave sufficient processing time between the end of PDCCH and the start of PDSCH
In order to efficiently utilize the time-frequency resources, it was agreed to support resource sharing between PDCCH and PDSCH. The following agreements were reached in RAN1#90 meeting on indicating the available resource for PDSCH.
Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity
Based on the agreements, from the perspective of resource sharing between PDCCH and PDSCH, PDSCH can be assumed to start from the first symbol in the slot. If PDSCH overlaps with resource set(s) configured by RRC signaling, whether PDSCH is mapped to the resources in the resource set(s) is indicated by L1 signaling.
On the other hand, it is desirable to indicate the starting symbol of PDSCH for flexible scheduling and/or smaller DCI overhead. For example, given that the first DMRS position is on 3rd or 4th symbol, the performance of PDSCH starting earlier than the first DMRS may not be good due to extrapolation at least for high speed. Besides, if the first 2 or 3 symbols are fully occupied by CORESETs, PDSCH may always start from the 3rd or 4th symbol. In this case, assuming PDSCH always starts from the first symbol would require additional DCI overhead which is not preferred.
If the necessary information for PDSCH reception is conveyed in scheduling DCI, UE cannot start PDSCH reception before successfully decode PDCCH. For example, for multi-beam operation, UE needs to know the beam for PDSCH which is indicated by scheduling DCI before PDSCH reception. Another example is when UE is configured with multiple BWPs and cross-BWP scheduling is used, UE needs to know the BWP conveyed in scheduling DCI before PDSCH reception. In these cases, sufficient processing time is required between the end of PDCCH and the start of PDSCH. Whether same-slot scheduling is supported depends on the number of symbols of CORESET and UE processing time. If supported, PDSCH cannot start from the first symbol of the slot. If same-slot scheduling is not supported, cross-slot scheduling should be adopted. For cross-slot scheduling, the starting symbol of PDSCH can or cannot be assumed to start from the first symbol of the slot based on the analysis above.
Regarding the ending symbol of one-slot PDSCH, it is straightforward to assume that PDSCH ends at the last DL symbol in the slot. Note that the last DL symbol may or may not be the last symbol in the slot. For example, there may be GP and UL in the latter part of a slot or there may be ‘reserved’/‘unknown’ symbols at the end. Hence scheduling DCI needs to indicate the ending symbol of PDSCH in a slot assuming UE has no prior information of slot format.
Single slot UL scheduling
For one-slot PUSCH, it is straightforward to assume that PUSCH starts from the first UL symbol in the slot. Note that the first UL symbol may or may not be the first symbol in the slot. For example, there may be DL and GP before UL or there may be ‘reserved’/‘unknown’ symbols at the beginning. Hence scheduling DCI needs to indicate the starting symbol of PUSCH in a slot assuming UE has no prior information of slot format.
It is expected that the last symbol in the slot is UL symbol. However, PUSCH may or may not end until the last symbol in the slot to avoid collision with other UL channel/signal, e.g. PUCCH/SRS. Resource allocation of PUCCH and SRS in NR is not clear for now. If the resource allocation is dynamic or semi-static but not known to the UE, scheduling DCI needs to indicate the ending symbol of PUSCH in the slot to avoid collision with PUCCH/SRS from other UEs.
Multi-slot scheduling
As discussed in 3.2, multi-slot scheduling includes slot aggregation and aggregation of slot and mini-slot.
For slot aggregation, although indicating the starting symbol and ending symbol of each slot provides maximum flexibility, the overhead increases linearly with the number of aggregated slots. Considering that the number of aggregated slot may be large, e.g. for coverage extension, the overhead may be too high. It is more reasonable to indicate starting symbol and ending symbol of a slot which are applied to all the allocated slots. However, for aggregation of slot and mini-slot, it is desirable to indicate the starting symbol in the starting slot and ending symbol in the ending slot to allocation contiguous time domain resources. Therefore, it is proposed that UE is configured or indicated that 
Proposal 4: UE is configured or indicated whether the starting symbol and ending symbol are applied to all the allocated slots or the starting symbol is applied to the first slot while ending symbol is applied to the ending slot.
Mini-slot scheduling:
According to the agreements, there are two options to indicate the starting/ending symbol for mini-slot scheduling. Option 1 is that the starting/ending symbol is with respect to the slot boundary, and option 2 is that the starting symbol is with respect to the start of PDCCH while ending symbol is with respect to the starting symbol of PDSCH. It is expected that PDSCH shall not start earlier than the start of scheduling PDCCH or start later than the CORESET monitoring periodicity with respect to the start of PDCCH. It has been agreed that at least 14-symbol, 7-symbol and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling. It can be observed that option 1 would increase the number of possible starting/ending positions for 7-symbol and 2-symbol CORESET monitoring periodicities leading to more DCI overhead. Therefore, it is proposed that option 2 is adopted.
Proposal 5: For mini-slot scheduling, starting symbol is with respect to the start of PDCCH and ending symbol is with respect to the starting symbol.
Based on the above analysis, it is observed that for different time domain resource allocation types, different set of starting and ending symbol needs to be indicated. In order to have a unified solution for one-slot scheduling, multi-slot scheduling, mini-slot scheduling and possibly their combinations, it is proposed that scheduling DCI indicates a pointer to an entry in a semi-statically configured set of combinations of starting symbol and ending symbol. Furthermore, for slot-based scheduling, the starting and ending symbol indicate the starting and ending positions within a slot.
Proposal 6: Scheduling DCI indicates a pointer to an entry in a semi-statically configured set of combinations of starting symbol and ending symbol. 
Proposal 7: For slot-based scheduling including one-slot and multi-slot scheduling, the starting and ending symbols are with respect to the slot boundary.
1.1.2 Slot-level resource allocation
In this section, we discuss slot-level resource allocation for different time domain resource allocation types.
One-slot DL scheduling
DL same-slot scheduling was agreed to be supported in RAN1#89 meeting.
Agreements:
· All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot. 
In addition, DL cross-slot scheduling needs to be supported at least for the case when UE cannot start PDSCH reception before successfully decode PDCCH as discussed in 3.2.1. 
Proposal 8: DL cross-slot scheduling should be supported in addition to DL same-slot scheduling.
Both same-slot and cross-slot scheduling are supported for DL, the switching between same-slot scheduling and cross-slot scheduling can be dynamic or semi-static. If it is dynamic, a DCI field indicating PDSCH slot is always present. Otherwise if it is semi-static, at least for same-slot scheduling, the slot indication is not needed.
For DL cross-slot scheduling, it is FFS if PDSCH is fixed in the next DL slot after the slot containing PDCCH similar as LTE eMTC where MPDCCH schedules PDSCH in the next valid DL subframe. If so, UE can determine the slot which PDSCH is applied to if UE has prior information of DL/UL assignment. 
Assuming UE has no prior information of DL/UL assignment, scheduling DCI needs to indicate the slot which PDSCH is applied to at least for cross-slot scheduling.
One-slot UL scheduling
For UL, UE processing time is required between the end of PDCCH and the start of PUSCH, i.e. N2. Therefore, same-slot scheduling is only valid for one-slot scheduling when the slot contains both DL and UL. Otherwise, cross-slot scheduling should be adopted. The value of N2 is still under discussion. In [3], initial estimate of N2 for different SCS and RE mapping are given. Depending on whether there is optimization to the processing and RE mapping, N2 varies from 2.5 symbols to 25.5 symbols. Whether same-slot scheduling is supported for one-slot UL scheduling depends on slot format and value of N2
For cross-slot scheduling, PUSCH may or may not be in the first UL slot after the slot containing PDCCH satisfying the processing time. For example, if there are less DL slots than UL slots, scheduling DCI in the same slot should be able to allocate PUSCH in different UL slots as shown below. Therefore, scheduling DCI needs to indicate the slot which PUSCH is applied.


Figure 2: Flexible timing in UL
A unified solution can be adopted for one-slot scheduling for both UL and DL. Scheduling DCI indicates a pointer to an entry in a semi-statically configured set of slots with respect to the slot containing PDCCH if needed.
Proposal 9: For one-slot scheduling, if needed, scheduling DCI indicates a pointer to an entry in a semi-statically configured set of slots with respect to the slot containing PDCCH.
Multi-slot scheduling
For multi-slot scheduling, the slots where PDSCH and PUSCH are applied to need to be indicated in scheduling DCI. Compared with non-contiguous slot allocation with bitmap which leading to excessive DCI overhead, it is preferred to allocate contiguous slots. If prior information on the UL-DL resource partition has been received by the UE either by higher layer signaling on SFI transmitted in the group common PDCCH, the UE transmits or receives data according to the valid DL or UL slots as indicated by the UL-DL resource partition. Otherwise if prior information has not been received, the UE assumes that the multiple slots are contiguous in time
Proposal 10: Scheduling DCI field allocates contiguous slots for multi-slot scheduling.
UL grant for RACH Msg 3
RAN2 asked RAN1 about the size of UL grant field in LS in [7]. In this section we discuss the UL grant for RACH Msg 3. NR resource allocation is still under discussion thus it is premature to give the exact number of bits of UL grant field for now. In LTE, UL grant for RACH Msg 3 follows the same scheduling method of other UL transmissions with scheduling restrictions to reduce the number of bits. The same principle can be applied for NR. We analyze the potential fields in UL grant for RACH Msg 3 in NR according to LTE design as follows.
	Parameter
	LTE field size
	NR field size
	Remarks

	Hopping flag
	1
	1
	In LTE hopping provides frequency diversity for Msg3 transmission using DFT-s-OFDM and same can be done in NR. Here we will assume that the PUSCH transmission is over a slot since at least for CBRA the network does not know the UE state and cannot assume that fewer PUSCH symbols would be adequate.
If the network configures CP-OFDM for Msg3 transmission, frequency diversity can be obtained with RBG-based resource allocation. But this would increase the number of bits for RB assignment compared to contiguous RA. So it may be better to assume contiguous RA for both DFT-s-OFDM and CP-OFDM. Then, to get frequency diversity for CP-OFDM either the same hopping pattern as for DFT-s-OFDM can be utilized, or distributed VRBs can be configured. Specifically, if RMSI indicates that RA Msg3 is CP-OFDM and distributed VRB is used, a 1-bit flag indicates whether localized or distributed VRBs are used similarly to LTE DL RA Type 2.

	RB assignment
	10
	[10]
	In LTE using DFT-s-OFDM and contiguous RB allocation, a restriction was placed on the number of RBs that could be transmitted, hence the limitation of 10 bits. For NR the same kind of restriction could also be placed to minimize the field size. Since the minimum BWs in NR are 5/10 MHz for below 6GHz and 50/100 for above 6GHz, this field size should still be okay and works for both DFT-s-OFDM and CP-OFDM.  

	Truncated MCS
	4
	[4]
	Seems reasonable to also restrict the MCS as in LTE

	TPC command
	3
	[3]
	Seems reasonable to reuse in NR.

	Timing 
	1
	[2]
	In LTE this field was called UL delay and was used to either transmit the PUSCH in the first available UL subframe at least 6 subframes after the RAR or delay to the next available UL subframe. This is an example of limited timing flexibility, which can be further enhanced in NR.
For NR and semi-static UL-DL resource partition (TDD and FDD), the same approach as LTE could be followed.
For dynamic TDD, the UL grant should explicitly indicate the slot for the Msg3 PUSCH. In addition the actual PUSCH duration within a slot can also be indicated, which would further increase this bit field, although some restrictions on the duration can help reduce the total field size. Thus, at least 2 bits may be required in NR.

	CSI request
	1
	[1]
	In LTE, 1 bit CSI request indicates whether A-CQI, PMI and RI report is included in RACH Msg 3 in non-contention based random access procedure. A similar approach can be followed for NR.



Proposal 11: the UL grant for RA Msg3 would contain similar parameters as in LTE but possibly with different bit field sizes.
TBS determination
Background
At the RAN1#90 meeting, the following design principles were agreed for TBS determination.
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value

In addition, the following agreements on LDPC code were reached in RAN1#90 meeting.
Agreement: 
· LTB-CRC = 16 for TBs smaller than or equal to 3824 bits 
· LCB-CRC = 24 bits
· CRC polynomials: 
· 24 bits: Reuse both A and B from 36.212 for corresponding CB and TB CRCs 
· 16 bits: Reuse from 36.212
Agreement:
· 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.)
Discussion
It has been agreed that RAN1 strives for finding TBS determination by using a formula and the formula has the parameters of time/frequency resource the PDSCH/PUSCH is scheduled (), modulation order (), coding rate (R) and the number of layers the codeword is mapped to (v).
In addition, equal code block size (CBS) after segmentation was agreed for LDPC code. 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) was agreed as a working assumption.
Based on the above agreements, it is proposed that NR TBS for initial transmission is determined according to the following steps.
1) Temporary TBS is calculated based on scheduling info:

where  is the total number of REs available for the PDSCH/PUSCH transmission based on scheduling information. The modulation order and coding rate can be signalled by MCS index in DCI.
2) The temporary TBS is quantized according to the rules below to ensure that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS where the CBS of each CB after segmentation is equal:
If  (maximum CBS),
		, where 
Else
Define number of code blocks as 
, 24 is the number of CRC bits of a CB
Compute a quantized TBS as 
,
where = minimum K such that 

 is the number of CRC bits of a TB
3) The final byte aligned TBS is calculated as:


The set of K is the candidate CBS which is predefined in the spec. For example, the values of K can be the information block sizes assumed in LDPC evaluation campaigns as listed below.
	
	40<=K<=512
	528<=K<=1024
	1056<=K<=2048
	2112<=K<=6144
	6272<=K<=8448

	Step size
	8
	16
	32
	64
	128


In addition, typical CB sizes for specific services, e.g. VoIP, URLLC, etc can be added to achieve better performance for these services.

Proposal 12: A temporary TBS is calculated as the product of the total number of REs available for the PDSCH/PUSCH, modulation order, coding rate and the number of layers the codeword is mapped to.
Proposal 13: The temporary TBS is quantized as:
If  (maximum CBS),
		, where 
Else
Define number of code blocks as 
, 24 is the number of CRC bits of a CB
Compute a quantized TBS as 
,
where = minimum K such that 

 is the number of CRC bits of a TB
The final TBS is the byte aligned value of quantized TBS minus TB-CRC.
Conclusion
This contribution discussed remaining issues of frequency domain resource allocation, time domain resource allocation and TBS determination with the following proposals.
Frequency domain resource allocation:
Proposal 1: RBG size for scheduling a UE in a BW part is determined by the size of BW part.
Proposal 2: Coarser granularity than 1 RB of resource assignment for contiguous frequency-domain resource allocation can be considered in NR if sufficiently justified.
Time domain resource allocation:
Proposal 4: UE is configured or indicated whether the starting symbol and ending symbol are applied to all the allocated slots or the starting symbol is applied to the first slot while ending symbol is applied to the ending slot.
Proposal 5: For mini-slot scheduling, starting symbol is with respect to the start of PDCCH and ending symbol is with respect to the starting symbol.
Proposal 6: Scheduling DCI indicates a pointer to an entry in a semi-statically configured set of combinations of starting symbol and ending symbol. 
Proposal 7: For slot-based scheduling including one-slot and multi-slot scheduling, the starting and ending symbols are with respect to the slot boundary.
Proposal 8: DL cross-slot scheduling should be supported in addition to DL same-slot scheduling.
Proposal 9: For one-slot scheduling, if needed, scheduling DCI indicates a pointer to an entry in a semi-statically configured set of slots with respect to the slot containing PDCCH.
Proposal 10: Scheduling DCI field allocates contiguous slots for multi-slot scheduling.
Proposal 11: The UL grant for RA Msg3 would contain similar parameters as in LTE but possibly with different bit field sizes.
TBS determination:
Proposal 12: A temporary TBS is calculated as the product of the total number of REs available for the PDSCH/PUSCH, modulation order, coding rate and the number of layers the codeword is mapped to.
Proposal 13: The temporary TBS is quantized as:
If  (maximum CBS),
		, where 
Else
Define number of code blocks as 
, 24 is the number of CRC bits of a CB
Compute a quantized TBS as 
,
where = minimum K such that 

 is the number of CRC bits of a TB
The final TBS is the byte aligned value of quantized TBS minus TB-CRC.
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