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Introduction
In the last meeting, following agreements were made regarding on TB processing over multi-slot PUSCH [1]
	[bookmark: _Hlk63096048]Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different
Agreement:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
· To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum 
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band 
· FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band
Agreements:
For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. 
· FFS: Details and further constraints on the applicability of TBoMS.

Agreements:
One or two of the following approaches will be considered as a starting point to decide how NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K
Note: L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Agreements:
One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.



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

Time domain resource for TBoMS PUSCH
In this section, we discuss time domain resource for TBoMS PUSCH transmission.

1.1 Symbol allocation in multi-slots for TBoMS PUSCH
In the last meeting, PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA were discussed to design time domain resource determination of TBoMS.
In our view, PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot, has benefits in terms of design simplicity and unified DMRS allocation among slots. 
In the current PUSCH repetition type A TDRA, there is a case in which the entire symbols of an uplink slot cannot be allocated for PUSCH transmission even though the UE does not perform other uplink transmission in the uplink slot. One of these reasons is to avoid collision between PUSCH and SRS. Even if the SRS is not transmitted for every slot, the symbol resource allocated with the SRS for each PUSCH transmission slot cannot be used for PUSCH transmission. As shown in Figure 1, although the SRS is transmitted through 2 symbols only in slot #n+2 actually, the last two symbols are emptied from all PUSCH repetition slots.

[image: ]
Figure 1. An example of PUSCH repetition type A and SRS transmission

In order to more efficiently use resources for PUSCH TBoMS transmission while applying PUSCH repetition type A like TDRA, it can be considered to perform symbol allocation to allow collision between TBoMS PUSCH and SRS. In the example of Figure 1, even if SRS is allocated in slot #n+2, the PUSCH TBoMS symbols can be allocated so that the PUSCH is transmitted in all symbols in the slot. In this case, all uplink symbols in slot #n, #n+1, and #n+3 in which the SRS is not transmitted can be used for the TBoMS PUSCH transmission. However, collision of the PUSCH and the SRS resources occurs in slot #n+1, and it is necessary to define UE behaviour in this case.

Proposal 1: The symbol allocation is applied in each slot for TBoMS PUSCH transmission.
Proposal 2: Consider to allow collision between TBoMS PUSCH and SRS resource.

1.2 Slot resource for TBoMS PUSCH
Slot resource for TBoMS PUSCH transmission were discussed in the last meeting, and it was agreed that at least consecutive physical slots for UL transmissions can used for TBoMS in paired and unpaired spectrum.
An important remaining issue is whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum.
When TBoMS transmission is allowed only in consecutive physical slots, there is a problem that the number of slots capable of a TBoMS transmission is too small in an unpaired spectrum. Extremely, when the TDD configuration is DDDDU, PUSCH transmission using TBoMS is not available. Therefore, in order to apply TBoMS PUSCH effectively, it is necessary to transmit TBoMS PUSCH to non-consecutive physical slots. For example, TBoMS PUSCH transmission can be performed through consecutive available slots, and in this case, two adjacent available slots may be located in slots that are not physically consecutive.
The definition of available slot may follow the result of discussion in PUSCH repetition type A enhancement. In addition, it is necessary to discuss whether the determination of the available slot is completed before the first slot in which the TBoMS PUSCH is transmitted, or whether it can be determined in units of every slot in which the TBoMS PUSCH is transmitted.

Proposal 3: Consecutive available slots can be used for TBoMS for unpaired spectrum, where adjacent available slots can be located in non-consecutive physical slots.

Frequency domain resource for TBoMS PUSCH
During the study, it is observed that the gain of TB processing over multi-slot PUSCH comes from coding gain by increasing code block size and overhead reduction 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. It means that 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 4: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs.
Proposal 5: It is considerable to reduce the maximum TB size so that CB segmentation does not occur.

Transport block size determination
In the last meeting, it was agreed to further discuss two approaches for the calculation of Ninfo and NohPRB.

Ninfo calculation
Approaches to obtain the value of Ninfo is as follows;
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
We prefer Approach 1, a simple way to reuse the current specification definition as much as possible. 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. Ninfo, which is obtained as , is the unquantized intermediate number of information bits. If Ninfo for TBoMS PUSCH is obtained using the scaling factor K such as , the current meaning of N’RE, NRE, and Ninfo can be maintained and the formulas for N’RE and NRE can be kept. 
Approach 1 is applicable when both of PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA are used for TBoMS. When PUSCH repetition type B like TDRA is applied for TBoMS PUSCH, the TB size based on Approach 1 may be different from the TB size determined by Approach 2 based on the number of REs which are used for TBoMS PUSCH transmission actually. This may cause a difference between the target code rate and the actual code rate, but it is considered an optimization issue. In the case of the PUSCH repetition type B, TB transmission is performed in units of actual repetition, while TB size calculation is performed based on the resources constituting the nominal repetition.
Regarding the definition of the scaling factor K, the following two alternatives can be considered.
· Alternative 1: K is the number of slots consisting the TBoMS PUSCH transmission.
· Alternative 2: K can be independently configured to the number of slots consisting the TBoMS PUSCH transmission.

Proposal 6: Ninfo for TBoMS PUSCH is obtained as  where NRE is based on on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated and K is a scaling factor.

NohPRB calculation
There are also two approaches to obtain the value of NohPRB as follows;
· Approach 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Approach 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
In the same principle as in the discussion of Ninfo calculation, we support Approach 1. In Approach 1, the configuration of the existing NohPRB can be maintained, and the amount of overhead can be scaled naturally together by obtaining Ninfo using the scaling factor K.

Proposal 7: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
[bookmark: _GoBack]Repetition of TBoMS PUSCH
In order for the PUSCH to obtain sufficient enhanced coverage through TBoMS, the TBoMS PUSCH must be transmitted through a sufficient number of slots. However, it may be difficult to have a large number of slots through which the TBoMS PUSCH is transmitted for the following reasons.
· When slots for TBoMS PUSCH transmission are limited to consecutive physical slots only, the number of consecutive slots in an unpaired spectrum can be very limited.
· When considering the environment in which the TBoMS PUSCH is beneficial, the number of CBs constituting one TB may be small, and thus one CB may be mapped over a number of slot resources. In this case, the gNB can attempt to decode a CB only after receiving all slots through which the CB is transmitted.
· During a TBoMS PUSCH transmission, some or all of the TBoMS PUSCH slot(s) may be dropped. For example, in case of TBoMS PUSCH and PUCCH overlapping, TBoMS PUSCH can be dropped in the overlapped slot(s), and thus, transmission of some CBs may be lost.
Therefore, it is necessary to introduce repetition of TBoMS PUSCH in order to obtain necessary coverage enhancement and increase the probability of successful reception while limiting the slot length constituting the TBoMS PUSCH.
When TBoMS PUSCH repetition is supported, even when a gNB receives only some of the TBoMS PUSCH repetitions, it can try to decode the TBoMS PUSCH.

Proposal 8: Repetition of TBoMS PUSCH is supported.

UCI multiplexing on TBoMS PUSCH
An UE may be scheduled to transmit PUCCH during transmission of a TBoMS PUSCH, and in this case, it is necessary to discuss the operation of the UE.
In the current specification, when PUSCH and PUCCH resources are overlapped, the UE operates as follows depending on whether or not the PUCCH repetition is performed.
· For the overlapping between ‘PUSCH’ and ‘PUCCH without repetition’, UCI is multiplexed on PUSCH in the overlapped slot.
· For the overlapping between ‘PUSCH’ and ‘PUCCH with repetitions’, PUSCH transmission is dropped and PUCCH is transmitted in the overlapped slot(s).
For TBoMS PUSCH and PUCCH overlapping, the same principle can be applied. However, to apply UCI multiplexing on TBoMS in case of collision between TBoMS PUSCH and PUCCH without repetition, there are additional considerations.
When the overlapping with the PUCCH is determined before the start of TBoMS PUSCH transmission, the UE can determine the amount of REs for the TBoMS PUSCH in consideration of UCI transmission resources, and perform rate-matching of the TBoMS PUSCH based on this. This rate-matching process includes bit selection and bit interleaving. When the TB consists of multiple CBs, rate-matching is performed for each CB by uniformly considering the effect of the number of transmission REs of UCI. Therefore, the number and composition of the rate-matched bits of each CB are different for the case where UCI multiplexing is performed and the case where UCI multiplexing is not performed.
The problem occurs when the overlapping with the PUCCH is determined after the transmission of the TBoMS PUSCH is started. Since it is determined that UCI multiplexing is not performed when the UE starts transmission of the TBoMS PUSCH, the UE performs rate-matching without considering UCI and performs CB transmission. Therefore, if the UE determines that UCI multiplexing should be performed after already transmitting some of these CBs, the transmission of CBs taking UCI multiplexing into account cannot be performed. 
In order to enable UCI multiplexing in this case, it is necessary to improve the CB rate-matching process so that whether UCI multiplexing does not affect PUSCH transmission in a slot in which transmission has already been performed.
Or, considering that PUCCH repetition is mainly applied in an environment requiring enhanced coverage, when overlapping TBoMS PUSCH and PUCCH, it can be considered to drop the TBoMS PUSCH transmission and transmit the PUCCH regardless of the repetition of the PUCCH. 

Proposal 9: UE behavior for the overlapping between TBoMS PUSCH and PUCCH resource should be discussed.

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.

Proposal 1: The symbol allocation is applied in each slot for TBoMS PUSCH transmission.
Proposal 2: Consider to allow collision between TBoMS PUSCH and SRS resource.
Proposal 3: Consecutive available slots can be used for TBoMS for unpaired spectrum, where adjacent available slots can be located in non-consecutive physical slots.
Observation 1: The benefits from TB processing over multi-slot PUSCH is meaningful with limited PUSCH PRB size and TB size.
Proposal 4: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs.
Proposal 5: It is considerable to reduce the maximum TB size so that CB segmentation does not occur.
Proposal 6: Ninfo for TBoMS PUSCH is obtained as  where NRE is based on on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated and K is a scaling factor.
Proposal 7: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
Proposal 8: Repetition of TBoMS PUSCH is supported.
Proposal 9: UE behavior for the overlapping between TBoMS PUSCH and PUCCH resource should be discussed.
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