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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. 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 objectives include TB processing over multi-slot PUSCH.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

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

This contribution presents our views on the relevant issues on TB processing over multi-slot PUSCH.
2      Discussion
In RAN #105e, it was discussed whether special slots can be utilized for TBoMS. Following working assumption was made.

Working assumption

Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.

In addition, for time domain resource allocation for TBoMS, following agreement was agreed.

Agreement:

Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA. 

· FFS: details

· FFS: whether or not optimizations for time domain resource determination are necessary for allocating resource in the S slots (for the unpaired spectrum case) 
If Time domain resource determination for TBoMS can be performed only via the same PUSCH repetition Type A like TDRA for UL slots and special slots, UL resources in special slots cannot be fully utilized. For instance, assuming the special slot configuration is {D:G:U = 10:2:2}, the UL resources in special slots can only be used if the number of allocated symbols in each slot is not larger than 2. We believe this is not useful for cell edge UEs. For coverage enhancement, one of the principles is to maximize the amount of time a UE can transmit continuously at maximum power. In this sense, it is necessary to include any UL resources in time domain for PUSCH transmission. To achieve this goal, based on the agreements, time domain resource determination for TBoMS can be performed via separate PUSCH repetition Type A like TDRA for UL slots and special slots. 
Proposal 1: Time domain resource determination for TBoMS can be performed via separate PUSCH repetition Type A like TDRA for UL slots and special slots.
The structure of TBoMS has been intensively discussed during the past RAN1 meetings. In RAN1 #104e, following options were discussed for the definition of a single TBoMS:

· 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. 

In RAN1 #105, it was agreed to down select one of the following options:
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 

In our understanding, TBoMS is neither an enhancement of repetition type A nor an enhancement of repetition type B. It is a new feature to enhance coverage performance by utilizing all the uplink resources for PUSCH. In this sense, option 2 should not be considered for TBoMS, while option 4 can be deemed as repetition on top of option 2. As pointed out by many companies, there is a critical problem for option 2. When TBS is larger than the number of bits that can be mapped within a slot, the part of the systematic bits may not have a chance to be transmitted. Thus between option 3 and option 4, option 3 should be supported.

Proposal 2: Option 3 is supported. Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV.
The rate matching mechanism was discussed, and the following agreement has been achieved.
Agreement:

The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:

· Option a: Rate-matching is performed per slot;

· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;

· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS

We understand that the concept of TOT is to facilitate the discussion. However, as discussed above, TBoMS a new feature. In order to achieve the best performance in terms of coverage, single RV across slots/TOTs should be adopted. Correspondingly, rate matching should be performed continuously across all the allocated slots for TBoMS, regardless of the number of TOT(s) for a TBoMS.
Proposal 3: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS.
The motivation of introduction of TBoMS is that TBoMS can outperform PUSCH repetition over the same number of slots. If the number of aggregated slots for TBoMS is much smaller than PUSCH repetition, repetition on top of TBoMS should be supported, otherwise the performance of TBoMS would be worse than PUSCH repetition. It has been agreed the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is increased to 32, at least for for the counting based on physical slots. The maximum number of aggregated slots for TBoMS can be the maximum number of repetition for PUSCH repetition type A in Rel-17 or repetition on top of TBoMS is supported.

Proposal 4: Down selection on the following options for TBoMS:

· Option 1: The maximum number of aggregated slots for TBoMS is the same as the maximum number of repetition for PUSCH repetition type A in Rel-17.

· Option 2: Repetition on top of TBoMS is supported.

In order to exploit frequency diversity, inter-slot frequency hopping can be supported for TBoMS. The inter-slot frequency hopping mechanism for PUSCH repetition type A can be reused for TBoMS. In addition, in RAN1 #104e, it was agreed as working assumption that joint channel estimation can be applied to back-to-back PUSCH transmissions across consecutive slots for TBoMS. Inter-slot frequency hopping with inter-slot bundling can benefit from both frequency hopping and joint channel estimation. Therefore, both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling should be supported for TBoMS.
Proposal 5: Both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling should be supported for TBoMS.

Collision handling between TBoMS and other transmissions were discussed by companies. In case TBoMS transmission collides with PUCCH, UCI multiplexing can be performed. There can be different manners for UCI multiplexing. UCI can be rate matched per slot, per TOT, or across all slots of TBoMS. UCI multiplexing may depend on the structure of TBoMS, whether The TB is transmitted on the one or multiple TOTs and the rate matching mechanism. Thus, further study is needed.
Observation: UCI multiplexing may depend on the structure of TBoMS. 
3      Conclusions
In this contribution, we discussed on TB processing over multi-slot PUSCH and have following proposals and observation:
Proposal 1: Time domain resource determination for TBoMS can be performed via separate PUSCH repetition Type A like TDRA for UL slots and special slots.
Proposal 2: Option 3 is supported. Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV.
Proposal 3: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS.

Proposal 4: Down selection on the following options for TBoMS:

· Option 1: The maximum number of aggregated slots for TBoMS is the same as the maximum number of repetition for PUSCH repetition type A in Rel-17.

· Option 2: Repetition on top of TBoMS is supported.

Proposal 5: Both inter-slot frequency hopping and inter-slot frequency hopping with inter-slot bundling should be supported for TBoMS.
Observation: UCI multiplexing may depend on the structure of TBoMS. 
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