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Introduction
A new work item NR coverage enhancement was approved [1]. According to the WID, objectives of PUSCH enhancements are as follows in RAN1 perspective.
	· 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]



In this contribution, we discuss on mechanism to support TB processing over multi-slot PUSCH.

PUSCH transmission occasion
For PUSCH coverage enhancement, the benefits from TP processing over multi-slot PUSCH were studied [2], and it was approved to be specified in Rel-17 CE WI.
In this section, the composition of PUSCH transmission occasion when a PUSCH TB is mapped over multiple slots is discussed.

Slot resource consisting a PUSCH transmission occasion 
For TB processing over multi-slot PUSCH, TBS is determined based on multiple slots and transmitted over multiple slots. For this mechanism, it can be questionable that how to define and compose slot resource used to transmit a single TB.
In our understanding, a PUSCH TB mapping over multiple slots means that a transmission occasion of the TB is composed by multiple slots. Then, in case of PUSCH TB repetition using repetition Type A where the TB is mapped over multiple slots, the TB is repeated across multiple PUSCH transmission occasions. An example of PUSCH transmission with K=4 repetitions is shown in Figure 1 where the slot length used to PUSCH TB mapping is Z=2.
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Figure 1. PUSCH TB transmission occasions for TB processing over multi-slot PUSCH

Proposal 1: For TB processing over multi-slot PUSCH, a TB transmission occasion can be composed by multiple slots.

A discussion point for TP processing over multi-slot PUSCH is how to compose slot resources for a PUSCH TB transmission occasion. 
One simple way is to compose a transmission occasion for a TB using consecutive slots. However, in this case, not available slot(s) for PUSCH transmission can be included in the transmission occasion in unpaired spectrum. In an example shown in Figure 2.(a), 4 consecutive slots, i.e., slot #2 ~ #5, compose a transmission occasion of a PUSCH TB where the first three slots are configured as uplink and the last one is configured as downlink. Then, since the last downlink slot cannot be used for PUSCH transmission, the PUSCH TB should be mapped and transmitted using three uplink slots only.
Instead, in order to prevent the situation that not available slot(s) are used to compose a transmission occasion, a transmission occasion can be composed by available slots as shown in Figure 2.(b). In the example, when 4 slots are used to transmit a PUSCH TB from slot #2, uplink slot #8 is used to transmit the TB instead of slot #5. Then, it is available to utilize whole four slots for a PUSCH TB transmission. In this mechanism, non-consecutive slots can be used to transmit a PUSCH TB. The gap between two available slots can be large depending on TDD configuration, and it may or may not be problematic.
Overall, it is straightforward that consecutive slots compose a transmission occasion for a TB in paired spectrum. However, in unpaired spectrum, composition of a transmission occasion based on available slots seems required. 

Proposal 2: When a PUSCH TB is transmitted over multiple slots,
· A PUSCH TB is transmitted over multiple consecutive slots in paired spectrum.
· A PUSCH TB is transmitted over multiple available slots in unpaired spectrum.
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(a)                                                                        (b)
Figure 2. PUSCH TB transmission occasion using (a) consecutive slots and (b) available slots

Slot length for a PUSCH transmission occasion
During the study, it is observed that the gain of TB processing over multi-slot PUSCH comes from coding gain and overhead reduction, each of which caused by increasing code block size and by reducing TB segmentation. However, the coding gain is limited since a transport block is segmented when the TB size is larger than a specific value. The gain from overhead reduction seems negligible when the TB size is large enough. Therefore, these gains are meaningful only when TB size is restricted.
TB processing over multi-slot PUSCH is also beneficial in terms of PSD boosting by concentrating transmission power in a narrow frequency resource and frequency domain resource multiplexing. That is, these gains are obtained when the PRB size for PUSCH transmission is limited.
Considering above aspects, it can be discussed to apply multi-slot TB mapping when a PUSCH has small PRB resources. Also, the slot size for a PUSCH TB mapping also can be determined considering the range of TB size which can obtain the gain.

Observation 1: The benefits from TB processing over multi-slot PUSCH is meaningful with limited PUSCH PRB size and TB size.
Proposal 3: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs
Proposal 4: To discuss the number of slots for a PUSCH TB mapping, the desired range of TB size should be considered.

RV mapping for PUSCH TB repetitions
According to the current specification, the redundancy version is determined based on the index of transmission occasion of TB for PUSCH repetition Type A. Concretely, rvid applied to n-th transmission occasion of TB is determined by the value ‘n mod 4’.
For RV mapping for PUSCH TB repetitions with multi-slot TB mapping, the same mechanism can be applied. For a PUSCH TB transmission with K repetitions where a TB is transmitted over multiple slots, the value of rvid applied to n-th transmission occasion of the TB is determined based on ‘n mod 4’.

Proposal 5: The value of rvid applied to n-th transmission occasion of the TB is determined based on the value ‘n mod 4’.

Transport block size determination
To support TB processing over multi-slot PUSCH, it needs to be specified to determine TB size based on multiple slots. In this section, we discuss considerable approaches to modify the TB size determination mechanism based on the current specification.
For the first approach, the definition of NRE can be modified. The value of NRE means the number of REs within the slot and obtained as  where N’RE is the number of REs allocated for PUSCH within a PRB. For PUSCH TB mapping over multiple slots, the NRE can be modified to reflect the number of REs within the multiple slots (e.g., Transmission occasion of PUSCH TB). For example, NRE can be defined as  where Z is the number of slots for a TB mapping.
[bookmark: _GoBack]The other approach is to apply scaling to the calculation of Ninfo. Ninfo, which is obtained as , is the unquantized intermediate number of information bits. Then, it can be scaled to increase the TB size such as . Here, the number of slots for a TB mapping (Z) is used as the scaling factor.

Proposal 6: To determine TBS based on multiple slots, scaling of NRE or Ninfo can be considered.

Conclusion
In this contribution, we provide our view on mechanism to support TB processing over multi-slot PUSCH. From the discussion, we obtained following observation and proposals.

Observation 1: The benefits from TB processing over multi-slot PUSCH is meaningful with limited PUSCH PRB size and TB size.

Proposal 1: For TB processing over multi-slot PUSCH, a TB transmission occasion can be composed by multiple slots.
Proposal 2: When a PUSCH TB is transmitted over multiple slots,
· A PUSCH TB is transmitted over multiple consecutive slots in paired spectrum.
· A PUSCH TB is transmitted over multiple available slots in unpaired spectrum.
Proposal 3: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs
Proposal 4: To discuss the number of slots for a PUSCH TB mapping, the desired range of TB size should be considered.
Proposal 5: The value of rvid applied to n-th transmission occasion of the TB is determined based on the value ‘n mod 4’.
Proposal 6: To determine TBS based on multiple slots, scaling of NRE or Ninfo can be considered.
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PUSCH repetitions with Z=2, K=4.
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