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Introduction
In the RAN1 #106bis meeting, the TB processing over multiple slot PUSCH was discussed. The discussion focusing on the single TBOMS structure, bit interleaving and repetitions. A few agreements and conclusions have been achieved [1]. 
In this contribution, we provide our views on the single TBOMS structure, repetition and related procedures.
Discussion
In the 106e meeting, single TBoMS structure using a single RV was approved as a working assumption. And the repetition of TBoMS is also agreed.

	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
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission.

Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.





TBOMS repetitions and indication

The indication of TBoMS and repetition were discussed in the last meeting. The agreements are as below,
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· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
· FFS: supported values of N and M.
· FFS: how to enable the TBoMS transmission
· FFS: details of retransmission of TboMS

[bookmark: _Hlk86996063]Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed

Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M


Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· 
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1



It was agreed that both TBoMS slot number and the TBoMS repetition number are indicated through the TDRA table. And the numberOfRepetitions is reused to indicate the TBoMS repetition number. Based on different configuration of TBoMS slot number and repetition number, the dynamic switching between TBoMS and single slot PUSCH with and without repetition could be supported. But it was not concluded in the last meeting. It is proposed that the dynamic switching should be supported according to UE’s situation. As Rel-16 has supported the dynamic indication of repetitions, the TBoMS which could support a higher performance should also support the dynamic switching. N=1 should be supported for the switching between TBoMS and single slot PUSCH, which is also a majority view for the candidate values of N.

Proposal 1:
It is proposed that the dynamic switching between TBoMS and single slot PUSCH with and without repetition.

Proposal 2:
N=1 should be supported for the switching between TBoMS and single slot PUSCH.

Only limited number 2,4,8 have been supported as the slot number of TBoMS. Currently, two TDD configurations have been deployed in the commercial networks, 7D1S2U, and DDDSUDDSUU. To fully use the uplink slots in those configuration, 3(U+2U), 5(2U+U+2U), 6(3*2U, 2U+U+2U+U) should be also supported. 

Proposal 3:
Slot number of 3,5,6 should be supported for TBoMS.

In the previous meeting, it was agreed that maximum 32 repetitions should be as the upper bound for N*M. The maximum repetition number and TB size impact the buffer size of the hardware. If the UE reports to support the enhanced maximum repetition number, then all the combinations that N*M below 32 should be supported. 

Proposal 4:
All the combinations that N*M below 32 should be supported for TBoMS.

If both single slot PUSCH and TBoMS are supported in the TDRA table, at least the retransmission of TBoMS with single slot or TBoMS or repetitions depends on gNB’s scheduling. And further enhancement, such as one or multiple slots could be retransmitted for retransmission of TBOMS could be further discussed. 

Proposal 5:
At least single slot PUSCH and TBoMS with and without repetition could be used for the retransmission of TBOMS. 

Bit interleaving

There was a large amount discussion on the unit of bit interleaving in the last meeting. But only a working assumption has been achieved. 
	
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.




From the chipset and UE vendors perspective, it is more feasible to use single slot interleaving. Most hardware could be reused for both single slot scheduling and TBOMS. On the other side, multiple slots or the whole TBOMS level bit interleaving could bring addition diversity gains, but also introduce additional processing time. From our understand, the single slot bit interleaving is more flexible and could reuse the UE hardware at most. In addition, assuming one of the slot from TBOMS was interrupt or dropped due to high priority transmission. The rest slots of TBOMS could be used for other repetitions of the TBOMS. 

Proposal 6:
Single slot level bit interleaving is preferred. 

Bit selection
It was agreed that two options should be down-selected for bit selection at this meeting.

	Agreement
[bookmark: _Hlk87002931]For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: 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.
· Option C: 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.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.




The difference between option B and C are not that much. For option B, the index of the starting coded bit is the index continuous from the position of the last bit selected in the previous allocated. But when the UCI multiplexing happens, the last bit from the previous slot could change compared to the case without UCI multiplexing. The option C covers the case in which UCI multiplexing are not considered. Both options can work, as the multiplexed UCI is known to both gNB and UE. Then the index of the starting coded bit is clear for both cases. But if in the unpaired spectrum, the TBoMS could span multiple uplink and downlink slots. For the uplink slots in the latter part, whether a UCI multiplexing happens is uncertain. Then a UE cannot predict whether to multiplexing a UCI for later part uplink slots. Then the puncturing scheme, which is the option C, is more proper and easy for implementation. 

Proposal 7:
The option C without consideration UCI multiplexing is preferred as it is uncertain whether UCI multiplexing will happen in the later part of TBoMS.

Conclusions
In this contribution, we provide our views on the single TBOMS structure, repetition and related procedures. The proposals are as below.
Proposal 1:
It is proposed that the dynamic switching between TBoMS and single slot PUSCH with and without repetition.

Proposal 2:
N=1 should be supported for the switching between TBoMS and single slot PUSCH.

Proposal 3:
Slot number of 3,5,6 should be supported for TBoMS.

Proposal 4:
All the combinations that N*M below 32 should be supported for TBoMS.

Proposal 5:
At least single slot PUSCH and TBoMS with and without repetition could be used for the retransmission of TBOMS. 

Proposal 6:
Single slot level bit interleaving is preferred. 

Proposal 7:
The option C without consideration UCI multiplexing is preferred as it is uncertain whether UCI multiplexing will happens in the later part of TBoMS.
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