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Introduction
In the last meeting, following agreements were made regarding on TB processing over multi-slot PUSCH [1]
	[bookmark: _Hlk69477917][bookmark: _Hlk69480891]Agreement:
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.

Agreements:
For the definition of a single TBoMS, down select among the following options:
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
· FFS: other implications, e.g., power control, collision handling and so on. 



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

Time domain resource allocation for TBoMS PUSCH
To design time domain resource determination of TBoMS, PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA were discussed so far. In our view, PUSCH repetition type A like TDRA configuration, i.e., the number of allocated symbols is identical to each slots, has benefits in terms of design simplicity and unified DMRS allocation among slots. In this case, to determine availability of slot for TBoMS, similar mechanism with PUSCH repetition type A enhancement can be applied. Then, a slot is determined as unavailable if at least one of the symbols indicated by TDRA in the slot overlaps with the symbol not intended for UL transmissions

Proposal 1: Adopt PUSCH repetition type A like TDRA configuration for TBoMS PUSCH.
Proposal 2: A slot is determined as unavailable for TBoMS PUSCH transmission if at least one of the symbols indicated by TDRA in the slot overlaps with the symbol not intended for UL transmissions.

Discussions on transmission occasion for TBoMS PUSCH
1.1 Rate-matching and repetition of TBoMS PUSCH
In the last meeting, it was agreed as a working assumption to utilize the concept of TOT (transmission occasion for TBoMS) for discussion purpose. And following four options regarding on the structure of TOT in a TBoMS and RV mapping were identified.
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 

With regard to rate-matching of TBoMS PUSCH transmission, following points should be considered in our view. 
· Continuous rate-matching across slots within a TOT
In our understanding, the purpose of introducing TBoMS PUSCH in this work item is to obtain a gain from the TB size increment.
As the TB size is increased, the amount of coded bits is increased. Then, the amount of rate-matched bits transmitted at one time also needs to be increased. Otherwise, the number of rate-matched bits may be smaller than the gap between the starting positions for rate-matching of two adjacent RV indices in a coded block if the amount of rate-matched bits is maintained. In this case, even if the TB is transmitted several times by applying different RV indices, some of the coded bits may not be transmitted, which leads to limit obtaining sufficient performance. Therefore, as the TB size is increased, the amount of rate-matched bits transmitted at one time also needs to be increased.
To this end, it is necessary to perform continuous rate-matching across multiple slots rather than rate-matching per slot. In this case, slot resources used for continuous rate-matching using a RV index can be defined as a TOT. 
In addition, in order to perform continuous rate-matching in a sufficient number of slots, it is necessary to allow the TOT to be composed with non-consecutive slots. If the slot constituting the TOT is limited to continuous slots, the number of consecutive uplink slots is limited in unpaired spectrum. Therefore, in order to obtain a sufficient amount of rate-matched bits, non-consecutive slots should be allowed to compose a TOT. 
· RV cycling between TOTs
In order to increase decoding performance of a code block, it is desirable to transmit coded bits uniformly. Therefore, it is preferable to perform RV cycling between TOTs transmitting the same TB.

Proposal 3: Apply continuous rate-matching across slots within a TOT and RV cycling between TOTs.

Considering above aspects, we support the TBoMS PUSCH transmission structure of Figure 1, which performs rate-matching in units of TOT and RV cycling between different TOTs.

[image: ]
Figure 1. Rate-matching for TBoMS PUSCH

The transmission structure in Figure 1 can be realized by both of Option 1 and Option 4. 
In Option 1, TBoMS transmission slots constitute one TOT, and repetition can be performed to transmit multiple TOTs by applying RV cycling if supported. In this option, in order to transmit TBoMS PUSCH as shown in Figure 1, the TBoMS composed of 2 slots needs to be repeated 4 times. This is similar to current PUSCH repetitions, which repeats a TB in the units of transmission occasion with RV cycling. In the existing PUSCH repetitions, a transmission occasion is configured as a resource within single slot. On the other hand, in the case of TBoMS, it can be interpreted that the transmission occasion has been extended to a multi-slot.
On the other hand, in case of Option 4, the transmission in Figure 1 can be interpreted as the TBoMS consists of 8 slots and the TOT consists of 2 slots, so that a total of 4 TOTs exist in the TBoMS. At this time, the same TB for each TOT is rate-matched and transmitted with different RV values, which is eventually identical to a structure of Option 1 with repetitions.

Proposal 4: Time resource for a TBoMS PUSCH compose a TOT.
Proposal 5: Repetition of TBoMS PUSCH is supported.

1.2 Transmission power control of TBoMS PUSCH
For transmission power control of TBoMS PUSCH, it is necessary to discuss the unit of transmission power control. That is, transmission occasion for transmission power control in TBoMS PUSCH needs to be defined, and followings candidates can be considered.
· Alt 1. Transmission power control for TBoMS PUSCH can be adjusted per TOT discussed as in Section 3.1.
· Alt 2. Transmission power control for TBoMS PUSCH can be adjusted per slot.
Meanwhile, for more flexible power control, it is preferred to perform transmission power control in units of slots. 

Proposal 6: Consider to perform transmission power control for TBoMS PUSCH in units of slot or TOT.

Transport block size determination
In this section, we discuss the calculation of Ninfo and NohPRB for TBoMS PUSCH.

Ninfo calculation
Approaches to obtain the value of Ninfo agreed in RAN1#104-e are as follows [2];
· 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 2 and would like to keep the current definition of NRE, N’RE, and Ninfo. 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. Furthermore, in the current specification, the scaling factor S is already defined for the PDSCH assigned by a PDCCH with DCI format 1_0 with CRC scrambled by P-RNTI, or RA-RNTI, MsgB-RNTI. In this case, for the calculation of Ninfo, a scaling  is applied.
For a TBoMS PUSCH transmission, following definitions for the scaling factor S can be considered.
· Alternative 1: S is the number of slots consisting the TOT/TBoMS.
· Alternative 2: S can be independently configured to the number of slots consisting the TOT/TBoMS.

Proposal 7: Ninfo for TBoMS PUSCH is obtained as  where NRE is based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated and S is a scaling factor.

NohPRB calculation
To obtain the value of NohPRB, following two approaches are under discussion [2];
· 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 8: 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.

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 can be limited due to the transport block segmentation 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 guaranteed 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 can be determined considering which range of TB size can obtain the gain.

Proposal 9: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs.
Proposal 10: It is considerable to reduce the maximum TB size so that CB segmentation does not occur.

Collision handling
1.3 Collision between TBoMS PUSCH and PUCCH
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.

Collision with PUCCH with repetitions
For the overlapping between ‘PUSCH’ and ‘PUCCH with repetitions’, PUSCH transmission is dropped and PUCCH is transmitted in the overlapped slot(s).
When TBoMS PUSCH and PUCCH with repetitions are overlapped, similar mechanism of the current specification can be applied. PUCCH repetitions may include not only inter-slot repetition but also intra-slot repetition introduced in Rel-17 URLLC. Then, one considerable point in case of collision between TBoMS PUSCH and PUCCH with repetitions is the unit of TBoMS PUSCH dropping. Specifically, the following alternatives can be considered.
· Alt 1: The transmission of TBoMS is dropped in the TOT(s) which include(s) the overlapped slot(s).
· Alt 2: The transmission of TBoMS is punctured in the overlapped slot(s).
In order to transmit the TBoMS PUSCH in as many resources as possible, the Alt 2 which punctures TBoMS PUSCH transmission in the overlapped slot(s) seems preferable.

Proposal 11: For the overlapping between TBoMS PUSCH and PUCCH with repetitions, TBoMS PUSCH transmission is punctured in the overlapped slot(s).

Collision with PUCCH without repetitions
In the current specification, for the overlapping between ‘PUSCH’ and ‘PUCCH without repetition’, UCI is multiplexed on PUSCH in the overlapped slot.
It can be considered that the TBoMS PUSCH is configured to be transmitted when the UE requires uplink coverage enhancement. In this case, the transmission of the PUCCH also may require enhanced coverage, so repetitions of PUCCH is likely to be applied. In consideration of this point, it can be considered to drop the transmission of the TBoMS PUSCH in the overlapped resource even when collision with PUCCH without repetition rather than specifying UCI multiplexing to the TBoMS PUSCH.
On the other hand, to apply UCI multiplexing on TBoMS PUSCH in case of collision between TBoMS PUSCH and PUCCH without repetition, the current specification needs to be modified in consideration of the following points.
· UCI multiplexing slot resource
When rate-matching of TBoMS PUSCH is performed in units of resources constituting the TOT, it is necessary to consider in which slot resource UCI multiplexing is performed. For example, the UCI may be multiplexed within the overlapped slot or may be multiplexed by spreading over the entire slot resource of the overlapped TOT. When UCI is multiplexed across a plurality of slot resources, a problem of increasing latency of UCI transmission may occur. In addition, when the UE does not know in advance whether or not UCI multiplexing has occurred, UCI multiplexing cannot be performed in a slot that has already transmitted. Considering these points, UCI multiplexing is preferably to be performed in an overlapped slot.
· Code block rate-matching for TBoMS PUSCH
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. However, if the overlapping with the PUCCH is determined after the transmission of the TBoMS PUSCH is started, the UE is not able to perform rate-matching of TBoMS PUSCH considering UCI multiplexing. 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 already transmitted.
One considerable solution is to support single CB transmission only for TBoMS PUSCH and apply slot level CB scrambling.
· UCI RE size determination
To obtain the number of REs of UCI multiplexed to PUSCH, the following equation is used for example.


In the above equation, it is necessary to clarify the definition of  for TBoMS PUSCH. When UCI is multiplexed within a single slot,  preferably means the number of symbols of TBoMS PUSCH in a corresponding slot in which UCI is multiplexed. 
 means the sum of the code block size for all code blocks transmitted through the TBoMS PUSCH. In this case, since code blocks transmitted through the TBoMS PUSCH are transmitted through multiple slots,  does not correctly reflect the actual code rate of TBoMS PUSCH. For this, it is possible to consider multiplying the term  by the scaling factor S. In this case, the value of S may be the same as the scaling factor used when calculating Ninfo in Section 4.

Proposal 12: UE behavior for the collision between TBoMS PUSCH and PUCCH without repetition should be discussed.

1.4 Collision with TBoMS PUSCH and SRS
In order to use resources more efficiently 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 2, 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. To enable SRS transmission in slot #n+2, it is necessary to define UE behaviour to prioritize SRS transmission in the slot.
In Rel-17 FeMIMO WI, it was agreed to support additional SRS with symbol length 8 and 12 at least [1]. In the case of SRS and such a long symbol length, it is difficult and inefficient to avoid the collision of PUSCH and SRS by scheduling. In this case, prioritizing SRS transmission in the overlapped slot is required rather than dropping the SRS during a long time period in which the TBoMS PUSCH is transmitted.

[image: ]
Figure 2. An example of PUSCH repetition type A and SRS transmission

Proposal 13: Consider to allow collision between TBoMS PUSCH and SRS resource and prioritize SRS transmission in the overlapped slot.

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: Adopt PUSCH repetition type A like TDRA configuration for TBoMS PUSCH.
Proposal 2: A slot is determined as unavailable for TBoMS PUSCH transmission if at least one of the symbols indicated by TDRA in the slot overlaps with the symbol not intended for UL transmissions.
Proposal 3: Apply continuous rate-matching across slots within a TOT and RV cycling between TOTs.
Proposal 4: Time resource for a TBoMS PUSCH compose a TOT.
Proposal 5: Repetition of TBoMS PUSCH is supported.
Proposal 6: Consider to perform transmission power control for TBoMS PUSCH in units of slot or TOT.
Proposal 7: Ninfo for TBoMS PUSCH is obtained as  where NRE is based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated and S is a scaling factor.
Proposal 8: 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 9: It is considerable to apply TB processing over multi-slot PUSCH when a PUSCH has a small number of PRBs.
Proposal 10: It is considerable to reduce the maximum TB size so that CB segmentation does not occur.
Proposal 11: For the overlapping between TBoMS PUSCH and PUCCH with repetitions, TBoMS PUSCH transmission is punctured in the overlapped slot(s).
Proposal 12: UE behavior for the collision between TBoMS PUSCH and PUCCH without repetition should be discussed.
[bookmark: _GoBack]Proposal 13: Consider to allow collision between TBoMS PUSCH and SRS resource and prioritize SRS transmission in the overlapped slot.
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