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1 Introduction
In this contribution, we discuss NR resource allocation design issues. We address transport block size determination in Section 2, time domain resource allocation in Section 3 and frequency domain resource allocation in Section 4.
2 Transport Block Size Determination

In RAN1#90bis, the following agreements were reached in the scheduling/HARQ session:

Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only

Agreements:
· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs
· FFS the details, including the # of reference REs and other factors for TBS determination
Agreements:
· 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



2.1 Full TBS Transmission
In this sub-section, it is assumed the the full transport block is (re-)transmitted. Next subsection discusses retransmission where only part of the TB is retransmitted due to CBG.
For calculating an intermediate number of information bits, ,  several parameters are to be defined.
· Xoh: the set of possible values to configure need to be defined. The set of possible values for Xoh need to consider slot vs mini-slot, DL vs UL. It is not crucial to have many values to set for Xoh, since quantization to Y is applied. The set of Y values affect    more directly than Xoh. We propose the following:
· For DL, a good estimate is: Xoh = 6 (RE) if the number of OFDM symbols scheduled is fewer than 7, otherwise Xoh = 12 (RE).
· For UL, Xoh = 12 or 24 (RE)
· Y: The set of Y values would determine the set of values of .  We propose the following set of 8 values considering mini-slots and slots, DL and UL.
· Y = 12 * [2 4 6 7 8 10 11 12];
Together with the steps carried out for LDPC, the TBS is determined using the following procedure [3]:
Step 1. Calculate the intermediate number of information bits  by: 
;
Step 2. [bookmark: _Hlk498732429]Round the intermediate number of information bits  to the closest multiple of :

where

Step 3. Further adjust TBS0 to final TBS value for MAC layer,TBS1, where TBS1 can be segmented into integer number of byte-aligned code blocks when BG1 is assumed. 

When considering 1, 2, and 4 MIMO layers for TBS, the TBS1 distribution is shown in Figure 1.  The difference between two adjacent TBS1 values are shown in Figure 2. Figure 3 demonstrates that due to the rounding by 2n, the relative difference between two adjacent TBS1 is at most 3%  for larger TBS.

Based on the above discussion, we propose the following.

1. The set of Y values has 8 values: 12 * [2 4 6 7 8 10 11 12];
1. Round the intermediate number of information bits  to the closest multiple of  to reduce the number of TBS values used in scheduling.

[image: C:\Users\eyufbla\Documents\MATLAB\chanCoding\simulation_code\LDPC\TBS_MCS_CQI\test1_TBS_non_byte_aligned_CBS.bmp]
[bookmark: _Ref498711848][bookmark: _GoBack]Figure 1: TB sizes that occur when  is calculated for one MIMO layer.
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[bookmark: _Ref498714421]Figure 2: Difference between two adjacent TBS.
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[bookmark: _Ref498714672]Figure 3: Proportion of difference between two adjacent TBS.

2.2 TBS determination for CBG-based retransmissions	
When TBS is determined from the signaled number of resource blocks and MCS index, the scheduler must select parameters for a retransmission that matches the TBS of the initial transmission. This scheduler limitation may lead to a lower overall throughput. If the reserved MCS indices are used, the scheduler limitation is avoided. Using the reserved MCS indices requires however that the control information of the initial transmission is properly received. If this is not the case, the retransmission cannot be decoded since the receiver has no information about the TBS. Due to the possible error cases, it may be good to avoid extensive use of the reserved MCS indices.
In NR, partial transmission of a TB is allowed through the use of CBGs. In that way, if the errors are confined to only one or a few of the CBGs that the TB was divided into, the amount of physical resources needed for a retransmission may be significantly lower than the amount of resources needed for the initial transmission. However, for partial retransmissions there are several examples where it is not possible to find a suitable combination of number of allocated resource blocks and MCS index that corresponds to the TBS of the initial transmission while at the same time utilizing the possibility to only retransmit CBGs that were not successfully received in the initial transmission. Let’s explain this through an example:
Example: Assume that a TB divided into the maximum of 8 CBGs is transmitted using the highest code rate and modulation order. If only one CBG couldn’t be successfully decoded, the retransmission only has to include this single CBG. Since only approximately 1/8 of the information bits of the TB have to be retransmitted, the number of resource blocks (or resource elements) used for the retransmission could be approximately 1/8 of the resources allocated to the initial transmission. If the reserved MCS indices are not used, the number of allocated resources and the MCS index must correspond to the TBS of the initial transmission. If the number of allocated resources are approximately 1/8 of the resources allocated for the initial transmission, an MCS index corresponding to a significantly higher spectral efficiency must be selected for the retransmission. However, the initial transmission already used the MCS index with the highest spectral efficiency. Therefore, the number of allocated resources must be increased instead until the control information corresponds to the TBS of the initial transmission. This in turn means that the retransmission must use the same amount of resources as the initial transmission, even though only 1 out of 8 CBGs had to be retransmitted.

Even if an MCS index with a significantly higher spectral efficiency than what was used in the initial transmission exist, it may not be optimal for a partial CBG-based retransmission. Assuming that 1 out of 8 CBGs are retransmitted and that the number of allocated resource blocks of the retransmission is only about 1/8 of the number of allocated resource blocks of the initial transmission, the MCS index of the retransmission must be selected such that the spectral efficiency appears to be 8 times higher than with the MCS index used for the initial transmission, in order to signal the same TBS in the retransmission as in the initial transmission. However, such an increase in spectral efficiency can typically not be achieved while keeping the same modulation order as in the initial transmission. Typically, the channel conditions of the retransmission are about the same as in the initial transmission. It is therefore likely that the optimal modulation order would also be the same as in the initial transmission and increasing the modulation order may be suboptimal.

To handle the problems described above for CBG-based transmissions, the intermediate number of information bits as determined from the control information can be scaled before performing the remaining part of the TBS determination procedure. The scaling factor  can be based on CBGs or CBs and a few example scaling factors are:




The scaling factors can also be determined from the CBG transmission information (CBGTI), for example as


For example, assuming that the CBGTI in the example above is “00010000”, the TBS determined from the control information of the (re)transmission is approximately scaled up by a factor of 8, to correspond to the much larger TBS of the full transmission including all CBGs.

3 Time Allocation
In RAN1#90bis it was agreed that
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

Regarding whether one or more tables should be specified, we believe that multiple tables can provide more flexibility in scheduling. However, in order to limit the DCI message size to select the tables, it is proposed to limit the number of tables to two. The table entries in the two tables can differ in starting OFDM symbol and/or duration. The selection of tables can be based on other fields in DCI message such as whether Type A or Type B scheduling is used, or a field that signals whether slot-based or mini-slot based transmission is scheduled.
Proposal: To provide more flexibility in time domain resource allocation, two tables are specified with different starting OFDM symbol and duration in OFDM symbols.
For NR, data transmission may occupy (almost) all OFDM symbols in a slot or, in case of a mini-slot transmission, only some of them. These possibilities can be handled in a unified way by including information in the DCI about the PUSCH and PDSCH the starting and ending position. To limit the DCI overhead while at the same time provide some flexibility one possibility is to have e.g. 2 bits in the DCI pointing into different combinations of starting and ending positions. 
The combinations should also be aligned with OFDM symbol positions given by SFI (slot format indicator) in group common PDCCH (e.g. the combinations shown in [1]). For DL, the reference for starting and ending positions should be with respect to the first OFDM symbol of the PDCCH carrying the corresponding DCI. Some starting positions may be negative values to accommodate the cases where PDSCH starts before the symbol in which PDCCH coreset is configured. To limit UE buffering requirements, only limited negative values should be allowed (e.g. only -3, -2, -1). 
Data may also span multiple slots in case of slot aggregation/repetition.  To handle slot aggregation, the UE assumes the same time resource allocation in slots wherein the transmission is repeated. 
Proposal: When slot aggregation/repetition is applied, the UE assumes the same time resource allocation in slots wherein the transmission is repeated. 
[bookmark: _Hlk490050767]Furthermore, for UL and DL in some cases there would be a need to define in which slot the transmission of PUSCH or PDSCH should occur in. One such scenario is when a the PDCCH in a single DL slot is supposed to schedule multiple consecutive UL slots. Such information could be jointly encoded with the starting and ending position. It is noted here however that to be able to support rather long periods of UL slot the number of bits to support this can become an issue to be considered in the final design. Similar need does not strictly exist for DL as in DL a DCI message can be provided in each DL slot so for DL the information could be joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 
Proposal
· For PUSCH transmissions, a bitfield of up to 3 bits is introduced in the DCI message to indicate the time domain allocation together with which UL slot the PUSCH is transmitted within. The indication can include the number of slots in case of slot repetition.
· [bookmark: _Hlk490050796]For PDSCH, indication of which DL slot the PDSCH is transmitted is either joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 

4 Frequency Allocation
[bookmark: _Hlk489949347]In the lastRAN1 meetings and the email discussion after that, the following agreements on resource allocation in the frequency domain 1.[1] a large set of agreements were reached.

· 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)

Agreements:
1. The notion of VRB is included in the specifications.
1. A non-transparent VRB-to-PRB mapping (i.e. PRB_i=VRB_j where j=f(i)) is supported 
1. At least for resource allocation type 1
1. Discuss further whether to support it also for resource allocation type 0
1. At least a block-interleaver is used for VRB-to-PRB mapping 
2. FFS the details
1. A single bit in the DCI indicates localized or distributed VRB-to-PRB mapping.

4.1 RBG size determination
In the last RAN1 meeting it was agreed that the RBG size is semi-statically configured, one of the two different configurations is configured by RRC. One thing that we should keep in mind is size of DL assignment and UL grant in DCI message. It has been agreed that the set of RBG size includes at least 2, [3,] 4, [6,] 8, 16. If we assume only 2,4,8,16 for the RBG sizes as the figure below shows the maximum number of bits needed for the bit map is 18 bits.
[image: ]
Figure 5 number of bits in the DCI message for different RGB sizes 
Based on the above we propose the following 
Proposal: The following is proposed as approximate values for one of the configurations for the RBG size. However, these values need to be aligned with the sub-band sizes in the MIMO discussions.
	Carrier Bandwidth Part Size
	RBG Size

	
	Config 1
	Config 2

	≤36
	2
	

	36 – 59
	4
	

	60 – 138
	8
	

	139 – 275
	16
	



4.2 Granularity for DL/UL RA type 1
For resource allocation type 1 it has been agreed that a resource indication value (RIV) corresponding to a starting RB and a duration  in RB is defined as

if  then


else 




where 1 and shall not exceed.


To provide flexibility in resource allocation it is desirable to have as small LCRBs as possible given that the  DCI size allows that. For the largest allocation, i.e. and , and different granularities of L=[1 to 10], i.e. N=[275/1,…, 275/10], then the size of RIV becomes =[ 16, 14, 13,  12, 11, 11, 10, 10, 9, 9].  Considering the available number of DCI bits for UL and DL frequency domain allocation, it seems that the lowest granularity of 1RB fits into the DCI message.
Proposal: Granularity of the DL/UL RA type 1 should be 1 RB.


5 Conclusions
We propose the following:
Regarding TB size determination 
· The set of Y values has 8 values: 12 * [2 4 6 7 8 10 11 12];
· Round the intermediate number of information bits  to the closest multiple of  to reduce the number of TBS values used in scheduling.
Regarding Time Domain RA 
· To provide more flexibility in time domain resource allocation, two tables are specified with different starting OFDM symbol and duration in OFDM symbols
· When slot aggregation/repetition is applied, the UE assumes the same time resource allocation in slots wherein the transmission is repeated. 
· For PUSCH transmissions, a bitfield of up to 3 bits is introduced in the DCI message to indicate the time domain allocation together with which UL slot the PUSCH is transmitted within. The indication can include the number of slots in case of slot repetition.
· For PDSCH, indication of which DL slot the PDSCH is transmitted is either joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 

Regarding Frequency Domain RA 
· The following is proposed as approximate values for one of the configurations for the RBG size. However, these values need to be aligned with the sub-band sizes in the MIMO discussions.
· Granularity of the DL/UL RA type 1 should be 1 RB.
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