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1	Introduction
The following was agreed regarding the resource allocation in frequency domain for PDSCH and PUSCH in NR in case of CP-OFDM:
Agreements: (RAN1#88 Athens)
· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL
· FFS detailed for both contiguous and non-contiguous resource allocation schemes
Agreements: (RAN1#89)
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.
· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.
· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.
Agreements: (RAN1-AH#2)
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.
· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.
· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.

In time domain resource allocation, in addition to the support of slot and mini-slot based transmissions, slot aggregation is also supported. The transmission duration can be dynamically indicated in the DCI.
Agreements: (RAN1#86bis Lisbon)
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

Agreements: (RAN1#88bis Spokane)
· 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
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

In this contribution, we discuss how TBS should be determined in NR, which is closely related to the resource allocation schemes. In addition, the support of slot aggregation is also discussed, especially on how TB(s) should be mapped to the multiple slots.

4	TBS determination
In LTE, TBS tables were carefully defined with a 1 PRB granularity for different cases with some underlying assumptions on e.g. the number of available REs. With the flexible transmission duration being introduced in NR, the TBS determination needs to be carefully considered. Given the wide range of the transmission durations in NR, it would be unrealistic or cumbersome to separately define TBS tables for each of the transmission durations. Moreover, LTE is limited to 110 PRBs whereas in case of NR up to 275 or even 550 PRBs are possible, which makes this exercise even more complicated.
Possible ways to address the issue include e.g. 
1) Using a pre-defined formula or method to derive the TBS based on e.g. the number of (available) REs and the intended spectral efficiency; 
· This would avoid the need for defining various TBS tables. But this also make it more difficult to do any fine adjustment on TBS (e.g. to match the payload size of particular applications such as VoIP, or to take into account the max codeblock size).
· If the number of REs is used for the calculation, the gNB and the UE need to have common understanding on the definition. This will likely require some pre-known assumptions on the overhead.
2) Defining reference TBS tables with a reference transmission duration (e.g. one slot) and a range on the number of PRBs. Appropriate scaling factors are used to derive TBS for other cases, and the scaling factor depends on the actual transmission duration and the actual allocated number of PRBs. Note that the approach of using scaling factor for TBS determination has already been used in LTE for TDD special subframes.

Both options are reasonable ones to be considered further in NR.
Proposal 1: The following two options should be considered further for TBS determination in NR: (1) use a pre-defined formula or method; (2) define reference TBS tables and apply appropriate scaling factors for different cases.

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

The main use cases of option 1a include:
1. For coverage enhancement purpose. This is similar to TTI bundling or PDSCH/PUSCH repetitions in LTE, and it is useful for MTC applications where extended coverage is critical. Given that there is no intention to optimize for mMTC support in Rel-15, this would not be the main driver for option 1a in Rel-15.
2. For improved latency and reliability in URLLC applications. For URLLC, we have already agreed to support K repetitions (with the same or different RV) for the same TB for both grant-based and grant-free UL transmissions. For grant-based UL transmission, this would be achieved by option 1a. The same approach can also be used for DL.
Therefore option 1a should be supported as already agreed for URLLC.
The main advantage of option 1b is the reduced DL/UL control overhead because only a single TB is transmitted. However it can have the following issues/implications:
· It creates inefficiency in HARQ retransmission due to large TBS. CBG-based retransmission can be considered as one way to address the issue, but it requires multi-bit HARQ-ACK feedback and additional overhead in retransmission DCI, which would take away the potential advantage of reduced overhead.
· It can complicate the HARQ process and soft buffer discussion. It requires a HARQ process to support a much larger TBS and the corresponding soft buffer size for soft combining purpose. This could mean that less number of HARQ processes can be supported when more slots are aggregated. If we support the dynamic indication of the transmission duration, it in a way conflicts with the static/semi-static number of HARQ processes that a UE supports.
· It can also increase the latency because the retransmission would need to wait longer due to the long scheduling unit (e.g. when the transmission of another HARQ process occurs).

Option 2, on the other hand, is a simple way to support slot aggregation. As discussed in our companion contribution [1], such type of multi-slot scheduling will be needed for dynamic TDD and can be overall used to decrease the DL control overhead. Other than the proper DCI design to provide the scheduling information, the data transmission in each slot is essentially the same as in case of single-slot scheduling. In the DCI design, there may be some restrictions introduced to reduce the DCI overhead, causing that the scheduling info for the TB in each slot to be not completely independent as e.g. done for multi-subframe scheduling in LTE eLAA.
Proposal 2: In case of slot aggregation in Rel-15, the following two options are supported: (1) one TB is mapped to multiple slots, and the TBS is determined in the same way as in single-slot scheduling; (2) one TB is mapped to each slot.

6	Conclusion
In this contribution, we have discussed the TBS determination mechanisms and support of slot aggregation. The following has been proposed:
Proposal 1: The following two options should be considered further for TBS determination in NR: (1) use a pre-defined formula or method; (2) define reference TBS tables and apply appropriate scaling factors for different cases.
Proposal 2: In case of slot aggregation in Rel-15, the following two options are supported: (1) one TB is mapped to multiple slots, and the TBS is determined in the same way as in single-slot scheduling; (2) one TB is mapped to each slot.
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