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Discussion
1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives are as follows.

· Specification of PUSCH enhancements [RAN1, RAN4]

· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be 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 [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· 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 [RAN1, 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 [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]

· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]

· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]

· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

This contribution discusses TB processing over multi-slot PUSCH.
2      Discussion
During the study item phase, TB processing over multi-slot PUSCH, to be more specific, TBS determined based on multiple slots and transmitted over multiple slots, was identified beneficial for PUSCH coverage enhancements. Potential specification impacts of TB processing over multi-slot PUSCH was studied and has been captured into the TR [2], including TDRA, TBS determination, RV determination. Power consistency, phase continuity and enhancements for DMRS configurations may or may not be required depending on factors such as cross-slot channel estimation, etc.
There are following two options for TBS determined based on multiple slots and transmitted over multiple slots
· Option 1: different RV version is transmitted in each slot.

· Option 2: different segment is transmitted in each slot.

For option 1, TBS is determined based on multiple slots and different RV version is transmitted in each slot. Transmission in each slot is self-decodable. This option is similar with LTE TTI bundling. For option 2, TBS is determined based on multiple slots and different segment is transmitted in each slot. Transmission in each slot is not self-decodable. It can be seen from the simulation results in [3] that option 2 can achieve better performance than option 1. Thus we propose option 2 is supported in Rel-17.
Proposal 1: For TB processing over multi-slot PUSCH, TBS is determined based on multiple slots and different segment is transmitted in each slot.
For time domain resource allocation, following issues need to be addressed:

· Whether non-consecutive slots can be aggregated for TB processing
· Indication of the number of aggregated slots for TB processing

· Whether the same symbol allocation is applied over multiple slots for TB processing
· Whether special slot can be used for TP processing
· TBS determination
The benefit of TB processing over multi-slot PUSCH is to achieve higher coding gain as well as lower overhead. It does not restrict the operation to consecutive slots only. In this sense, UEs operated in TDD spectrum can also benefit from TB processing over multi-slot PUSCH [3]. If consecutive slots are aggregated for TB processing for FDD or TDD, e.g. two consecutive slots for TDD frame structure DDDSUDDSUU, joint channel estimation over the consecutive slots can be implemented on top of TB processing over multi-slot PUSCH to further improve the performance.
Proposal 2: Both consecutive slots and non-consecutive slots can be aggregated for TB processing over multi-slot PUSCH.

Similar with PUSCH repetition type A, the number of aggregated slots for TB processing can be semi-statically configured by RRC or dynamically indicated by DCI. For FDD, the candidate number of aggregated slots can be {2, 4, 8}. For TDD, the same values as FDD can be used or the number of aggregated slots can be determined based on TDD frame structure. For instance, for TDD frame structure DDDSUDDSUU, 3 slots can be aggregated for TB processing within 5ms.
Proposal 3: The number of aggregated slots for TB processing over multi-slot PUSCH can be semi-statically configured by RRC or dynamically indicated by DCI.
For non-consecutive slot aggregation, network indicates the symbol allocation 1st slot, and the same symbol allocation is applied over multiple slots. For consecutive slot aggregation, two alternatives can be considered:
· Alt 1: Network indicates the symbol allocation 1st slot, and the same symbol allocation is applied over multiple slots.
· Alt 2: Network indicates the symbol allocation for multiple slots. For SLIV indication, the length L can be larger than 14 symbols for TB processing.

From specification impact, Alt 1 aligns with non-consecutive slot aggregation, but the available resources may not be fully utilized. For Alt 2, network indicates the starting symbol and length of the PUSCH transmission over multiple slots and the length L in SLIV indication can be larger than 14 symbols. Alt 2 can better utilize the available resources but it requires consecutive symbol allocation and more standardization efforts. Thus, we slightly prefer Alt 1. Similar with PUSCH repetition type A, the UL symbols in the special slots can be used for PUSCH transmission.
Proposal 4: For both consecutive slot aggregation and non-consecutive slot aggregation for TB processing, network indicates the symbol allocation 1st slot, and the same symbol allocation is applied over multiple slots except for the special slots. For the special slots, the available UL symbols can be used for PUSCH transmission.
In Rel-16, the computation of TBS in time domain is defined for one slot. For TB processing over multi-slot PUSCH, the computation of TBS should be defined based on the total number of REs allocated for PUSCH. 
Proposal 5: For TB processing over multi-slot PUSCH, the computation of TBS is defined based on the total number of REs allocated for PUSCH.
3      Conclusions
In this contribution, we discussed on TB processing over multi-slot PUSCH and have following proposals:
Proposal 1: For TB processing over multi-slot PUSCH, TBS is determined based on multiple slots and different segment is transmitted in each slot.
Proposal 2: Both consecutive slots and non-consecutive slots can be aggregated for TB processing over multi-slot PUSCH.
Proposal 3: The number of aggregated slots for TB processing over multi-slot PUSCH can be semi-statically configured by RRC or dynamically indicated by DCI.

Proposal 4: For both consecutive slot aggregation and non-consecutive slot aggregation for TB processing, network indicates the symbol allocation 1st slot, and the same symbol allocation is applied over multiple slots except for the special slots. For the special slots, the available UL symbols can be used for PUSCH transmission.
Proposal 5: For TB processing over multi-slot PUSCH, the computation of TBS is defined based on the total number of REs allocated for PUSCH.
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