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1. Introduction

During earlier meetings, the following agreements have been achieved on TB over multi-slot PUSCH for PUSCH coverage enhancement.
Agreement

A single RV is used to transmit a single TBoMS.
Note: It is common assumption for option B and option C for “Starting bit in each slot for the single TBoMS”
Note: below working assumption does not need confirm.

Working Assumption

Single TBoMS structure of Option 3 is selected
· 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.
Agreement

The working assumption is confirmed.

Working Assumption
For TBoMS in Rel-17, the following is supported:

· Bit interleaving is performed per slot.

       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.

· Transmission is limited to one CB only.

· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.

Conclusion
There is no consensus in RAN1 to introduce any restriction on the combinations of N and M that can be configured in the TDRA table, other than the already agreed N*M <= 32 restriction.
Agreement
· For TBoMS, UCI is multiplexed on the individual overlapping slot for UL transmission in one carrier
· FFS: timeline requirements

· FFS: details on the calculation of the number of coded modulation symbols per layer for UCI multiplexing on a single TBoMS.

· Note: no new UCI multiplexing mechanism other than existing puncturing or rate-matching is introduced for TBoMS in Rel-17.

Agreement
For TBoMS repetitions, if the parameter numberOfRepetitions is not configured in the TDRA table, then the number of repetitions M of a single TBoMS is equal to 1.
  
Agreement
For a configured grant type 2, if M=1, or if M>1 and the configured grant is configured with startingFromRV0 set to 'off', the initial transmission of the transport block may only start at the first slot of the N*M slots determined as available for PUSCH transmission of TBoMS. Otherwise, the initial transmission of the transport block may start at
-             The first slot of the N*M slots determined as available for PUSCH transmission of TBoMS if the configured RV sequence is {0,2,3,1},
-             The first slot of any of the M groups of N slots determined as available for PUSCH transmission of TBoMS associated with RV=0, if the configured RV sequence is {0,3,0,3} or {0,0,0,0}.
Note: It is up to Editor to decide how to capture these rules.
Agreement
For UCI multiplexing on an available slot for TBoMS, the following are supported in Rel-17 for calculating 
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  is the number of symbols in an available slot for TBoMS in which UCI is multiplexed.
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Note: It is up to the Editor to decide how to capture the scaling in the specification.

 
Agreement
The UE does not expect NW to indicate a TBoMS configuration which results in a TBS which exceeds the maximum TBS for single CB transmission.

Agreement
For the retransmission of a single TBoMS with or without repetition in Rel-17:
· The gNB schedules only complete retransmissions of TBs.

· How the retransmission of the entire TB is done is up to gNB, e.g., could be single slot PUSCH retransmission or TBoMS retransmission, etc.

Note: this has no specification impact.

In this contribution, we further discuss detailed schemes of TB over multiple slots.       
2. Rate matching and slot puncturing
For the rate-matching of TBoMS, we have decided that bit interleaving is performed per slot. And the bit selection of each slot have 2 options. One is the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot. Another is the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.

In the last RAN plenary meeting, the later one was chosen for the completeness of TBoMS.
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Figure1. Selecting bits for all slots before the UCI multiplexing
Further, the UCI multiplexing should reuse the per slot multiplexing of legacy NR.
All the above conclusion is understood as the bit selection of each slot is by available slots. And, the dropping rules same as for enhanced Type A repetition can be applied. In those cases, UE cannot redo the interleaving and bit selection in time. We think the bit have to be punctured. However, considering the cases ae not frequent this will not impact TBoMS performance much.
Proposal 1: Slot dropping should puncture those slots after interleaving and bit selection.
3. PUCCH multiplexing on TBoMS
It has decided for TBoMS, UCI is multiplexed on the individual overlapping slot for UL transmission in one carrier. That means the UCI multiplexing of each slot would naturally reuse the Rel-15 scheme. The 2 bits or smaller HARQ_ACK bits should puncture the data bits, and > 2 bits HARQ_ACK should rate match the data bits. 
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Figure2. PUCCH multiplexing in TBoMS PUSCH.
In that way, the timeline requirements of the first TBoMS slot would very similar as for Rel-15 type A repetition. The small difference would be some TB for multiple slots have to be prepared in the first slot. However, it would not exceed the legacy processing, considering the TB is restricted to single steam and in coverage limited case. For the remaining slot, the processing time is even relaxed. For timeline of TBoMS, we suggest to reuse all the timeline requirement of Type A repetition multiplexing UCI.
Proposal 2, For timeline of UCI multiplexing TBoMS, we suggest to reuse all the timeline requirement of UCI multiplexing Type A PUSCH repetition in Rel-15.

The CA case is also left for more discussion. In the PUSCH coverage limited case, UL CA would be not likely to be used. However, it is not precluded for PUSCH repetition. Further in certain carrier combination, UL carriers’ power cannot be shared. With the above conclusion and proposal, it will not introduce any extra specification for supporting UL CA.
Proposal 3: Supporting the UCI multiplexing TBoMS for UL CA with minimal specification impact.
4. RV for TBoMS repetition 
It is agreed that the TBoMS repetition can also be supported. To reuse the TDRA for repetition type A indication, the repetition factor M is indicated by the configured number of slots. The N is additionally introduced into the TDRA entries. This scheme now can better fit into the type A repetition mechanism. The additional RRC parameter have quite limited change.

For our point of view, TBoMS repetition are still to be concluded for the how the type A repetition scheme can be mapped to the TBoMS level. The simpler rules for TBoMS repetition are preferred. Thus, the RV should be cycling around the fixed sequences. In the spec, the RV cycling is defined in physical number of the slot, regardless of the slot dropping rules. However, when we introduced the TBoMS, we think this is configured together with the enhanced Type A repetition scheme with the new available slot determination. In that case, RV depending on the physical slot would results in uneven coded bits covering. 

Thus, we prefer to using fixed RV sequence cycling based on the actually repetition.

Proposal 4: The TBoMS repetition should apply fixed RV sequence cycling among different actual repetitions of TBoMS.

The cycling unit is based on TBoMS instead of slot.

5. Conclusions
In this contribution, we discussed further details of techniques for PUSCH coverage enhancement with TB size over multi-slot (TBoMS). In summary, we have the following proposals:   

Proposal 1: Slot dropping should puncture those slots after interleaving and bit selection.
Proposal 2, For timeline of UCI multiplexing TBoMS, we suggest to reuse all the timeline requirement of UCI multiplexing Type A PUSCH repetition in Rel-15.

Proposal 3: Supporting the UCI multiplexing TBoMS for UL CA with minimal specification impact.

Proposal 4: The TBoMS repetition should apply fixed RV sequence cycling among different actual repetitions of TBoMS.

The cycling unit is based on TBoMS instead of slot.
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