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[bookmark: _Ref513464071]Introduction
In the last RAN1#105e meeting, definition of transmission occasions for TBoMS, resource allocation and rate matching aspects were extensively discussed. Relevant agreements to our discussion from the previous meetings are captured in the Appendix. In this contribution, we discuss enabling TBoMS, resource allocation aspects of TBoMS as well as partial retransmission.
Supporting TBoMS
Single PUSCH vs TBoMS
While the TBoMS transmission can provide important coverage gain, especially for cell edge UEs, it may not be needed all the time. For example, if a cell edge UE moves toward the center of the cell, the gNB may decide to switch to single slot scheduling. Having only RRC configuration to change the allocation type from TBoMS to single slot TB transmission will add unnecessary delay. To support efficient resource utilization, RAN1 should support dynamic enabling of TBoMS transmission. In the RAN1#105-e meeting, it was agreed that the number of slots allocated for TBoMS is determined by using a row index of a TDRA list configured via RRC. To enable dynamic enabling/disabling of TBoMS transmission, the TDRA list should include a row with a TDRA spanning over one slot. The scheduling DCI can enable/disable TBoMS by indicating a row index of TDRA with/without multiple slots.
Proposal 1: Support dynamic enabling/disabling of TBoMS transmission using TDRA list configuration.
Resource allocation for TBoMS
Time Domain Resource Allocation for TBoMS
During the RAN1#105e meeting, the transmission occasion for TBoMS (ToT) was agreed to be consecutive physical slots as working assumption. Furthermore, two options for the structure of TBoMS were agreed:
	Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission 
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.

Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc. 
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on. 



Transmitting TBoMS with different RVs is an enhanced repetition scheme and defeats the original purpose of supporting PUSCH over multiple slots. The main motivation for this feature was to improve the coverage for low SNR conditions by mapping one TB over multiple slots, focusing transmission power on the smaller number of PRBs and obtain time diversity gain. Transmission based on repetition with RV cycling is not the best to improve the coverage in limited power scenario. With the assumption of small number of PRBs allocated in frequency domain per slot, the usage of different RVs can impact the decoding performance of TBoMS and possibly leading to none of the RVs is self-decodable. 
Proposal 2: Single RV is supported for TBoMS transmission.
During the last RAN1 meeting agreements, only Option 3 and Option 4 were agreed for down selection. Since Option 3 consists of using the same RV across the different ToT, we support Option 3. 
Proposal 3: For the structure of TBoMS, Option 3 is supported.
Another open issue that was discussed in the last RAN1 meeting is how rate matching is done for TBoMS. The following options were captured for down-selection:
	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
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)


Continuous rate matching across multiple TOTs (i.e., Option c) is not suitable for dynamic TDD where available resources in uplink slot can change in dynamic manner. For example, changing flexible symbol(s) to a downlink symbol(s) after allocating an UL grant with TBoMS will results on either puncturing the unavailable UL symbols or delaying the transmission to the next slot where all the symbols configured per slot are available. The rate matching per TOT or per slot can be useful for partial retransmission, as explained in Section 2.3, or for UCI multiplexing as explained later in this section. For simplicity and minimum specification impact, rate matching per slot can be supported.
Proposal 4: Rate matching is performed per slot (Option a).
UCI multiplexing
In Rel-16, the gNB can schedule a PUSCH transmission overlapping with PUCCH transmission. The UE then determines based on the time processing constraint whether to multiplex UCI on PUSCH or not. Similarly, UCI multiplexing can be supported with TBoMS transmission with a time processing constraint. 
The time processing constraint can be relative to the start of TBoMS transmission or a slot from the multi-slots configured for TBoMS or a start of TOT, depending on how rate matching is performed i.e. continuous rate matching for all the TOTs or rate matched for each slot or rate matched for each TOT. To map UCI on TBoMS, one option could be to repeat UCI in multiple slots to increase the decoding performance of the UCI transmission. If the UCI repetition can lead to TBoMS performance degradation, UCI can be transmitted only in one slot.
Proposal 5:  Support UCI multiplexing with TBoMS. FFS whether UCI is repeated on the multiple slots of TBoMS.
Retransmission of a TBoMS
In some cases, a portion of a TBoMS transmission can experience a different level of interference compared to other portions. The interference can be caused by deep fading, fast fading or other sporadic interference. In other cases, a TBoMS transmission can be interrupted by another uplink transmission in inter-UE multiplexing scenario. For example, the gNB can schedule a higher priority transmission overlapping with part of the TBoMS transmission. The gNB sends a cancellation indication to cancel part of the TBoMS transmission. In another situation, the gNB can change the flexible slot/symbol(s) to DL symbol in dynamic TDD mode. For example, after scheduling the UE with TBoMS transmission, the gNB may change some of the flexible symbols/slots to downlink symbols slots. In that case, the UE’s transmission will be interrupted.
Observation 1: Portion of the TBoMS can be interrupted by another transmission or experience burst interference.
It can thus be beneficial to retransmit a portion of the TB that was not successfully decoded. Given the TBS is small, CBG retransmission may not be possible or efficient. To support retransmission of only portion of initially transmitted TBoMS, the gNB can request the UE to retransmit symbols mapped to a given slot for example. The symbols mapped to a slot can be identified by an index and the gNB can request the retransmission of the symbols by indicating the slot index. Another option could be to map the information carried per each slot for example into a HARQ process. 
Proposal 6: Support enhanced retransmission mechanisms to avoid the retransmission of the entire TBoMS. 
Repetition type A like TDRA for special slots
In RAN1#105e, the following agreements were made related to TDRA. 
	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) 

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


One of the FFS points is whether resource allocation can be applied to TDD frame format with a special slot, e.g., DDDSU where the special slot is located adjacent to the uplink slot. In this case, uplink symbols in the special slot can be used for TBoMS, allowing PUSCH in TBoMS utilize uplink symbols beyond the uplink slot, improving resource utilization. Since Type A like TDRA is used for TBoMS, one possibility is to specify the number of symbols in PUSCH larger than 14, e.g., 15, 16 depending on the number of uplink symbols available in the special slot. Thus, a “virtual slot” is created by using the uplink symbols in the special slot.
Proposal 7: For PUSCH repetition Type A like TDRA, support the number of symbols in PUSCH larger than 14 when uplink symbols are allocated in the a special slot, prior to an uplink slot.
Conclusion
In this contribution we discuss resource allocation aspects of the TBoMS transmission as well as enhanced retransmission schemes. The following observations and proposals are made in this contribution:
Observation 1: Portion of the TBoMS can be interrupted by another transmission or experience burst interference.
Proposal 1: Support dynamic enabling/disabling of TBoMS transmission using TDRA list configuration.
Proposal 2: Single RV is supported for TBoMS transmission.
Proposal 3: For the structure of TBoMS, Option 3 is supported.
Proposal 4: Rate matching is performed per slot (Option a).
Proposal 5:  Support UCI multiplexing with TBoMS. FFS whether UCI is repeated on the multiple slots of TBoMS.
Proposal 6: Support enhanced retransmission mechanisms to avoid the retransmission of the entire TBoMS. 
Proposal 7: For PUSCH repetition Type A like TDRA, support the number of symbols in PUSCH larger than 14 when uplink symbols are allocated in the a special slot, prior to an uplink slot.
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Agreements
Agreements from RAN1#105e meeting:
	Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission 
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.


Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc. 
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on. 


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) 


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

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
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)

Agreement:

Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.

· FFS: details.



Agreements from RAN1#104be meeting:
	[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. 




