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Open Issues
Most of the critical issues regarding TBOMS were resolved in RAN1 107-e and RAN 94-e meetings. This document follows up on the guidance received from RAN 94-e on the determination of the starting bit for TBOMS along with some remaining issues.
Dependence of TBOMS on available slot-based counting
The current version of 38.214 Section 6.1.2.1 is written such that TBOMS requires available slot-based counting as a pre-requisite. This is however an unnecessary constraint, especially in FDD bands where available slot-based counting may not necessarily be used/enabled. 
	“The UE determines the  slots for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, and the TDRA information field value in the DCI format 0_1 or 0_2.”



We suggest that we not impose this restriction on TBOMS and instead allow TBOMS operation irrespective of the method used to count repetitions. Without this change, we could also run into scenarios where legacy PUSCH transmissions are counted on the basis of physical slots while TBOMS counts slots based on available slots. Such a divergence could become an unnecessary hassle for the gNB to track.
Proposal 1: Enable the use of TBOMS even when PUSCH repetitions are counted based on physical slots.
Adopting Option C to determine the starting bit for TBOMS
In RAN94-e, the crucial issue on how to determine the starting bit to transmit in each slot of a TBOMS was resolved. It was decided to adopt Option C. In the following we present our views on capturing this guidance in the spec.
Option C suggests that the starting bit in each slot be determined such that UCI multiplexing in any of the preceding or current slots is ignored, i.e., we implicitly assume that no UCI multiplexing occurs in any of the multiple slots associated with a single TBOMS. Using the existing terminology and definitions in 38.212, we make the following proposal to capture the starting bit determination.
Proposal 2: The index of the starting coded bit for the kth slot of a TBOMS transmission is given by , where

where
· , 
·  is the modulation order,
·  is the number of REs available in the th slot for transmission and is given by ,
·  is the scheduled bandwidth of the TBOMS transmission, expressed as a number of subcarriers,
·   is the number of symbols allocated per slot of TBOMS as per the indicated/configured row of TDRA table, excluding the symbols with DMRS tones.
·  is set to be the starting bit index of the RV associated with the single TBOMS. 

Interlacing of TBOMS transmissions
Since TBoMS transmissions span multiple slots and involves additional slot-to-slot coordination and circular buffer handling at the UE, it is preferred to not allow interlacing of multiple TBoMS transmissions carrying different TBs. 
Proposal 3: Interlaced TBoMS transmissions (carrying different TBs) are not permitted. A UE does not expect a TBoMS transmission in a component carrier to begin before the completion of an ongoing TBoMS transmission in the same component carrier.
Conclusion
Based on the discussion presented in the earlier sections, we have the following proposals.
Proposal 1: Enable the use of TBOMS even when PUSCH repetitions are counted based on physical slots.
Proposal 2: The index of the starting coded bit for the kth slot of a TBOMS transmission is given by , where

where
· , 
·  is the modulation order,
·  is the number of REs available in the th slot for transmission and is given by ,
·  is the scheduled bandwidth of the TBOMS transmission, expressed as a number of subcarriers,
·   is the number of symbols allocated per slot of TBOMS as per the indicated/configured row of TDRA table, excluding the symbols with DMRS tones.
·  is set to be the starting bit index of the RV associated with the single TBOMS. 
Proposal 3: Interlaced TBoMS transmissions (carrying different TBs) are not permitted. A UE does not expect a TBoMS transmission in a component carrier to begin before the completion of an ongoing TBoMS transmission in the same component carrier.
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Appendix A: Agreements made in RAN1 107-e meeting [1]
	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.


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.
 
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 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 , , ,  and :
·   is the number of symbols in an available slot for TBoMS in which UCI is multiplexed.
· The CB size is scaled by , where N is the number of slots allocated for TBoMS, i.e.,  becomes .
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.
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