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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUSCH enhancements such as
· Specify the following mechanisms for enhancements on PUSCH repetition Type A
· Increasing the maximum number of repetitions up to a number of determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple slots.
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on TB processing over multi-slot PUSCH.
Discussion
When a coding rate over multiple PUSCH transmissions by using a repetition framework is lower than current MCS range, which is scaled with the repetition number, each PUSCH transmission is not required to use higher MCS such that the coding gain can be sufficiently obtained. When a coding rate over multiple PUSCH transmissions by using the repetition framework is similar to current MCS range for the purpose of joint channel estimation or PDCCH/upper layer overhead reduction and so on, each PUSCH transmission uses higher MCS. In the repetition, systematic bits are priority repeated than parity bits and its consequence is the coding gain is reduced although this issue is alleviated by RV cycling. In order to overcome this issue, TB processing over multi-slot PUSCH has been studied and recommended to support it in the phase of study item, i.e., TBS is determined based on multiple slots and transmitted over multiple slots. Potential specification impact is time-domain resource allocation and TBS determination.

Time-domain resource
The multiple slots for TBS determination are not required to be same value as multiple slots for PUSCH transmissions. If they are same, the coding rate range over multiple PUSCH transmissions needs to be possibly indicated by MCS field, which has more specification impact. By allowing the different values of the multiple slots for TBS determination and multiple slots for PUSCH transmissions, the coding rate over multiple PUSCH transmission can be lower than current MCS range without changing MCS table itself. In NB-IoT, unit of TB processing, which includes multiple subframes, is defined as resource unit (RU) and repetition of RU is supported to increase the coverage. It is the case of the different values of the multiple slots for TBS determination and multiple slots for PUSCH transmissions. It needs further discussion on the relation between the multiple slots for TBS determination and the multiple slots for PUSCH transmissions.
Proposal 1: The multiple slots for TBS determination are not required to be the same value as multiple slots for PUSCH transmissions.

For time-domain resource, the following options could be considered
· Option 1: Time-domain resource more than 14 OFDM symbols,
· Option 2: Multi-SLIV based.
In Option 1, only one SLIV is needed in TDRA table and the extension is to allow the indication of L > 14, where L is the number of consecutive symbols for TB processing over multi-slot counting from the symbol S allocated for the PUSCH. Option 1 could be realized by straightforward extension of current specification. In Option 2, gNB indicates integrated several assigned PUSCH resource into one PUSCH resource where one TB is placed. TDRA table for Option 2 can be generally described as (SLIV1, SLIV2, …, SLIVN), where SLIVn is the SLIV for n-th PUSCH resource within integrated PUSCH resource and N is the number of PUSCH resources to be integrated for TB processing over multi-slot PUSCH. Option 2 could also be realized by simple extension of current specification since Rel.16 supports indication of PUSCH resource allocation for multiple contiguous PUSCHs.
Proposal 2: For the time-domain resource, following options should be considered.
· Option 1: Time-domain resource more than 14 OFDM symbols
· Option 2: Multi-SLIV based

TBS determination
In Rel.15/16, TBS is determined based on number of REs allocated for PUSCH within a single slot. The number of REs within a PRB is determined by , where  is the number of symbols of the PUSCH allocation within the slot,  is the number of DMRS REs per RB in the scheduled duration, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. For TB processing over multi-slot PUSCH, the number of REs within a PRB over multiple slots should be determined. It could be realized by , where  is the number of symbols of the PUSCH allocation for TB processing,  is the number of DMRS REs per RB in the time-domain resource,  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. In the current specification,  is {0, 6, 12 or 18} and these values are for a single slot allocation. Therefore, to scale the value of  for multi-slot PUSCH or to introduce new values for multi-slot PUSCH is necessary. After UE determine the total number  of REs for PUSCH over multiple slots, UE determines the TBS using the same equation as Rel.15/16 in TS 38.214, i.e., , where  is target code rate,  is the modulation order, and  is the number of layers. The above TBS determination could be applicable to both Option 1 and Option 2 for time-domain resource in Proposal 1.
If the time-domain resource is based on multi-SLIV based (i.e., Option 2 in Proposal 1), another possibility on TBS determination would be TBS for each PUSCH resource to be integrated is determined independently based on Rel.15/16 mechanism of one SLIV and total TBS is determined by sum of TB sizes for each PUSCH resource. After TBS determination, the coded bits need to be allocated over multiple slots for PUSCH transmissions as the rate matching procedure. This option is not aligned well for such operation.
Proposal 3: For the TBS determination for TB processing over multi-slot PUSCH, there could be the following steps:
· TBS is determined based on the number of REs over multiple slots.
· UE first determines the number of REs within a PRB over multiple slots for TB processing,
· Then, UE determines the TBS based on the equation in the current specification in TS38.214.

Other specification impacts
In TB processing over multi-slot PUSCH, the unit of multiple slots, in which a single TB is mapped, could be considered as a virtual slot. In such case, interaction between UL/DL direction, cancellation, etc., is applied per slot basis or per multiple slots (unit of TB processing) basis would be decided. 
Proposal 4: To specify how to handle the interactions of TB processing over multi-slot PUSCH with DL / UL direction and cancellation.

Conclusion
In this contribution, we provide our view on TB processing over multi-slot PUSCH. We made following proposals.
Proposal 1: The multiple slots for TBS determination are not required to be the same value as multiple slots for PUSCH transmissions.
Proposal 2: For the time-domain resource, following options should be considered.
· Option 1: Time-domain resource more than 14 OFDM symbols
· Option 2: Multi-SLIV based
Proposal 3: For the TBS determination for TB processing over multi-slot PUSCH, there could be the following steps:
· TBS is determined based on the number of REs over multiple slots.
· UE first determines the number of REs within a PRB over multiple slots for TB processing,
· Then, UE determines the TBS based on the equation in the current specification in TS38.214.
Proposal 4: To specify how to handle the interactions of TB processing over multi-slot PUSCH with DL / UL direction and cancellation.
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