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Introduction
In this document, we discuss following aspects. 
· Time domain resource allocation
· VRB allocation
· TBS determination

Time domain resource allocation
In RAN1#90bis, following was agreed for time domain resource allocation..
	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


As the configured value of the UE-specific table of time domain resource allocation, we propose following properties. 
- The single slot entries are following. 
- The starting symbol counting from the start of CORESET is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14.
- The length counting from the start of PDSCH/PUSCH is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 with the limitation of within a slot.
- In case of transmission spans multiple slots, multiple single slot values are enumerated over multiple slot length.
By such design, time domain resource allocation can reserve the PDCCH region in the beginning of the slot without rate matching resource usage and the end of the slot for SRS and short PUCCH symbols. 
For RMSI scheduling, the values as the default takes into account the baseline UE processing time capability. We are ok to take all table entries are fixed in the specification for RMSI scheduling. For paging/random access scheduling, the values of the table entries can be configured by RMSI. For UE specific PDSCH/PUSCH, the values used for random access scheduling is used for fallback DCI and the default value for non-fallback DCI. For UE specific PDSCH/PUSCH of non-fallback DCI, the table entries can be updated by UE specific RRC. The table contents can be differentiated between slot scheduling and non-slot scheduling. 
Proposal 1: The UE-specific table of time domain resource allocation for UE specific PDSCH/PUSCH can contain single slot or multiple slot transmissions. For single slot transmission, any starting position of any length in a slot is supported. For multiple slots transmission, multiple single slot transmissions are enumerated over multiple slot length.
Proposal 2: For RMSI/OSI scheduling, fixed values in the specification is defined. 
Proposal 3: For paging and random access scheduling, these values can be configured by RMSI.
Proposal 4: For UE specific PDSCH/PUSCH of fall back, the same value with random access scheduling is used.
Proposal 5: For UE specific PDSCH/PUSCH of non-fall back, the same value with random access scheduling is the default and can be updated by UE specific RRC.
Proposal 6: For UE specific PDSCH/PUSCH, the table contents can be differentiated between slot scheduling and non-slot scheduling.

For DCI bit width for time domain resource allocation, up to 3 bits are supported in both slot and non-slot scheduling. For slot scheduling, these entries are used to reserve first symbol of PDCCH used symbols or end symbols of SRS/short PUCCH usage. For non-slot scheduling, these entries are used for multiple of symbol length.
Proposal 7: DCI bit width for time domain resource allocation is up to 3 bits in both slot and non-slot scheduling. 

VRB allocation
According to email discussion after RAN1#90bis, following was agreed.
	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.



As discussed over email reflector, one of discussion point is whether codeblock diversity function is also supported or not. According to current agreement, the codeblock is just mapped to frequency first. Therefore, a codeblock is located in the sequential PRBs in the frequency. Although we understand the evaluation in MIMO session does not show frequency interleaved gain based on the simulation conditions of noise limited interference, we think to randomize codeblock position is important especially in case of interference limited condition, for example the neighbour cell's resource utilization is around 30 % order. In such condition, certain PRBs collided with the neighbour cell's resource usage would be quite poor SINR and the remaining PRBs not collided with the neighbour cell's resource usage would be good SINR. In order to average SINR over the allocated PRBs, to have non-direct VRB-to-PRB mapping even in resource allocation type 0 is useful. Figure 1 shows one example. In this example our assumption is as follows,
· Two code blocks 
· RBG size is 2 PRBs
· LTE block interleaver of RA type 2 is the basis but only subset of such interleaver is used.
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Figure 1 Resource mapping for NR RA type 0
From above figure we can see resource allocation type 0 does not require specifically different interleaver to realize VRB-to-PRB mapping. The same interleaver function can also be applied to NR type 1 in DL as well as RA types in uplink.
To summarize, we think following method does work well.
- For resource allocation type 0 
[bookmark: _GoBack]- The size of VRBs is same as the total amount of PRBs assigned by resource allocation type 0.
- The output sequence of codeblocks is mapped to VRB according to MIMO session agreement like "first across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)".
- VRBs of codeblocks are interleaved according to block-interleaver.
- The output of interleaver is mapped to actual physical PRBs assigned by resource allocation type 0.
- For resource allocation type 1 with localized mapping
- The size of VRBs is same as the total amount of PRBs assigned by resource allocation type 1.
- The output sequence of codeblocks is mapped to VRB according to MIMO session agreement like "first across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)".
- VRBs of codeblocks are interleaved according to block-interleaver.
- The output of interleaver is mapped to actual physical PRBs assigned by resource allocation type 1.
- For resource allocation type 1 with distributed mapping
- The size of VRB is same as the total amount of PRBs assigned by resource allocation type 1 but VRBs are distributed across system bandwidth, BWP or certain bandwidth configured by RRC
- The output sequence of codeblocks is mapped to VRB according to MIMO session agreement like "first across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)".
- VRBs of codeblocks are interleaved according to block-interleaver.
- The output of interleaver is directly mapped to actual physical PRBs.

Proposal 8: Inter-codeblock diversity is supported for both resource allocation type 0 and 1. This would be especially useful when coloured interference scenario.
Proposal 9: The same interleaver is applied between resource allocation type 0 and 1 of distributed and localized mapping. In case of resource allocation type 0 and type 1 with localized, the output of the interleaver is mapped to the actual assigned PRBs. In case of resource allocation type 1 with distributed, the output of the interleaver is mapped to the output PRB position of the interleaver.

TBS determination
In RAN1#90bis, following was agreed for TBS determination.
	Agreements:
· Calculate an “intermediate” number of information bits NRE*v*Qm*R  where 
· v is the number of layers, 
· Qm is the modulation order, obtained from the MCS index
· R is the code rate, obtained from the MCS index
· NRE is number of resource elements
· NRE = Y* #PRBs_scheduled
· When determining NRE (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



Quantization values of X
It was discussed whether to have quantization step of X is required or not. Our view is to have quantization of X is useful to obtain more predictable number of TB related to the number of PRBs. Although to have quantization X would decrease the accuracy of the coding rate, the scheduler algorithm to obtain TB is simplified.
As the quantization value of X, as the smaller number of symbols makes more difference on the coding rate and larger number of symbols does not make big difference on the coding rate, we propose to have smaller granularity on smaller number of symbols and larger granularity of larger symbols. Therefore, we propose following values.
[1, 2, 3, 4, 5, 7, 10, 14] x 12 REs.
As the quantization method, we think round off would be proper setting in order to obtain more accurate coding rate.
On the semi-static configuration value of Xoh, we think the granularity of 12 REs could be sufficient as it is just one value common to all UL slots or common value to all DL slots.
Proposal 10: To have quantization step of X. 
Proposal 11: Quantization values of X is [1, 2, 3, 4, 5, 7, 10, 14] x 12 REs.
Proposal 12: Quantization is realized by round-off.
Proposal 13: Xoh granularity is multiple of 12 REs.


Specific packet sizes handling
In RAN1#90, following was recognized as further discussion points.
- TBS determination for specific packet sizes (e.g., VoIP, etc)
- TBS determination for specific services (e.g., URLLC, etc)
We think two following discussion points are important. 
Point 1: Whether "specific packet size for the service" can be fixed in the spec? 
Our view is semi-static configuration of specific packet size is our preference as it can be future proof. VoIP packet size can be different in future and other than VoIP size could be important application. In addition, our view is URLLC requires flexibility on the specific packet size.
Point 2: How to obtain "specific packet size"?
We see two approaches. The first approach is the final actual TB size from the intermediate number of information bits is modified to specific packet size but the remaining process is no difference. In this approach, regardless of PRB size or the number of symbols, if coding rate and resource assignment are proper, special packet size is used. The second approach is certain PRB and certain number of symbols are stolen and mapped to certain specific packet size. Because of the lesser modification of the procedure and flexibility of the utilization of the specific packet size, our preference is the first approach.
Proposal 14: Specific packet size(s) are semi-static configuration.
Proposal 15: The final actual TB size from the intermediate number of information bits is modified to specific packet size but the remaining process is no difference.


Conclusion
We discussed reserved resource and RBG size, and we propose following.
Proposal 1: The UE-specific table of time domain resource allocation for UE specific PDSCH/PUSCH can contain single slot or multiple slot transmissions. For single slot transmission, any starting position of any length in a slot is supported. For multiple slots transmission, multiple single slot transmissions are enumerated over multiple slot length.
Proposal 2: For RMSI/OSI scheduling, fixed values in the specification is defined. 
Proposal 3: For paging and random access scheduling, these values can be configured by RMSI.
Proposal 4: For UE specific PDSCH/PUSCH of fall back, the same value with random access scheduling is used.
Proposal 5: For UE specific PDSCH/PUSCH of non-fall back, the same value with random access scheduling is the default and can be updated by UE specific RRC.
Proposal 6: For UE specific PDSCH/PUSCH, the table contents can be differentiated between slot scheduling and non-slot scheduling.
Proposal 7: DCI bit width for time domain resource allocation is up to 3 bits in both slot and non-slot scheduling. 
Proposal 8: Inter-codeblock diversity is supported for both resource allocation type 0 and 1. This would be especially useful when coloured interference scenario.
Proposal 9: The same interleaver is applied between resource allocation type 0 and 1 of distributed and localized mapping. In case of resource allocation type 0 and type 1 with localized, the output of the interleaver is mapped to the actual assigned PRBs. In case of resource allocation type 1 with distributed, the output of the interleaver is mapped to the output PRB position of the interleaver.
Proposal 10: To have quantization step of X. 
Proposal 11: Quantization values of X is [1, 2, 3, 4, 5, 7, 10, 14] x 12 REs.
Proposal 12: Quantization is realized by round-off.
Proposal 13: Xoh granularity is multiple of 12 REs.
Proposal 14: Specific packet size(s) are semi-static configuration.
Proposal 15: The final actual TB size from the intermediate number of information bits is modified to specific packet size but the remaining process is no difference.
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