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Introduction
In RAN1-106-e and RAN1 106bis-e meetings, several agreements were made that brought significant clarity to the overall structure of TBoMS. TBoMS transmission is viewed as a collection of one or more transmissions, each spanning multiple slots. Each individual TBoMS transmission, referred to as a “single TBoMS”, could span multiple slots, but is governed by a single RV index. If TBoMS is configured with repetitions, then multiple RV indices are used. Further, rate matching was agreed to be performed on a per slot basis, with the starting bit for each slot being predetermined before the start of TBOMS.
The most critical open issue now is on how to determine the starting bit and what additional information on UCI multiplexing, if any, to account into account towards this determination. We elaborate further on our views on this topic and other open issues in the next few sections.
TBoMS Transmissions 
Predetermination of starting bit for each slot
As shown in the figure below, it is agreed that a UE predetermines the start locations for each slot of a TBOMS before the start of TBOMS.
This approach when contrasted with on-the-fly determination of the starting bit ensures that there is no error propagation due to misalignment between UE and gNB. For example, consider a 4 slot TBoMS transmission as in Figure 1. Now assume that a UCI payload needs to be multiplexed in the second transmission occasion. There could arise scenarios where the UE and gNB are not in full alignment on the UCI payload size or the resource partitioning between UCI and UL-SCH. As an example, such scenarios could arise due to UE missing some DCIs carrying downlink grant, thereby causing a mismatch in HARQ codebook size determination. Once a misalignment occurs between the gNB and the UE on a given slot, then gNB and UE may no longer in agreement on the number of coded bits transmitted in a given slot and all subsequent slots are impacted with no means to correct for this error.  
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[bookmark: _Ref79141866]Figure 1 Predetermined start locations for TBoMS transmission
When it comes to starting bit determination prior to the start of TBOMS, similar considerations come into play. It is tempting to consider any UCI multiplexing information that might be known beforehand, but we once again need to make sure that this does not lead to any misalignment between UE and gNB. For example, missing an sp-CSI activation or a DL DCI just prior to the start of a TBOMS could end up influencing the UCI payload and we should therefore ensure that the procedure we adopt is resilient to such scenarios.
Towards this, we note the following snippet from the spec (38.212):
	Denote the coded bits for UL-SCH as 
[image: ].
Denote the coded bits for HARQ-ACK or jointly coded bits for HARQ-ACK and CG-UCI when the high layer parameter cg-UCI-Multiplexing is configured, if any, as 
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Denote the coded bits for CSI part 1, if any, as 
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Denote the coded bits for CSI part 2, if any, as 
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Denote the coded bits for CG-UCI without HARQ-ACK, if any, as .
Denote the multiplexed data and control coded bit sequence as 
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The size of the 4 potential UCI payloads is given by , ,  and  This size (in coded, rate matched bits) includes all different sources of ACK-NACK or CSI. We need to examine closely whether any of , ,  or  associated with each of TBOMS slots can be known beforehand without any ambiguity and whether any of these four quantities can be included in our procedure to determine the starting bit for each of the TBOMS slots.
Before discussing the feasibility of including of any of these four terms in our calculation of the starting bit for each slot of TBOMS, we would like to establish some basic design principles that we would like to follow:
[bookmark: _Hlk87035317]Proposal 1: The following principles are used to predetermine the starting bit location:
(a) The same behavior is specified for CG-TBOMS and DG-TBOMS
(b) To avoid error propagation, any dynamic information or behavior is not taken into account for starting bit determination
i. For e.g., sp-CSI activation/deactivation is a dynamic event that could cause misalignment, and any information related to sp-CSI multiplexing should be discouraged from being included in the procedure for starting bit determination.
(c) The overall design should be forward compatible to future changes to UCI multiplexing rules.
i. R17 TEI is discussing changes to relax HARQ ACK/NACK multiplexing on DG-PUSCH repetitions. TBOMS design should be amenable to such changes in the future
With these design principles in mind, we propose the following:
On CG-UCI: We think that a separate discussion on the applicability of TBOMS to shared spectrum is required. The components of CG-UCI and their interpretation requires additional discussion. For this reason, and to provide clarity on the accounting of CG-UCI overhead, we suggest that until such a discussion has occurred, we proceed assuming that TBOMS for shared spectrum is not triggered through configured grants. 
Proposal 2: TBOMS for shared spectrum is not triggered through configured grants. CG-UCI is not taken into account for starting bit determination of TBOMS.
On ACK-NACK-UCI:  We need to examine the source of ACK-NACK bits and the destination where they are to be multiplexed. The source could either be a DG-PDSCH or an SPS-PDSCH, while the destination could be either a DG-TBOMS or CG-TBOMS. We break this down into following cases:
DG-PDSCH-ACK/NACK on DG-TBOMS: Current HARQ multiplexing rules (requiring all DL grants to arrive before the UL grant) are stringent enough that it is indeed possible to infer the size of this payload for all slots before the start of TBOMS. If multiplexing rule changes as being discussed in Rel-17 TEI get adopted, then this would no longer be true. 
DG-PDSCH-ACK on CG-TBOMS: The stringent multiplexing rules that currently existing for DG-PUSCH do not apply to CG-PUSCH. Therefore, it is not possible to infer the size of the UCI payload beforehand for all the slots.
SPS-PDSCH-ACK on DG/CG-TBOMS: Setting aside the ACK/NACK for the first grant after activation which is treated as a dynamic grant, the UCI payload emerging from SPS-PDSCH can be inferred beforehand for all slots of TBOMS. Impact of R17 SPS HARQ deferral may need additional scoping depending on the progress in other WIs.
Based on this discussion, we propose the following:
Proposal 3: With forward compatibility and a unified design across CG-TBOMS and DG-TBOMS in mind, it is suggested that the overhead of ACK-NACK UCI not be directly taken into account to determine the starting bit indices for TBOMS.
On CSI-UCI: CSI payloads are broken up into two parts. CSI can be multiplexed on PUSCH either due to aperiodic triggering, or periodic or semi periodic scheduling on PUCCH. Although the first part is of a fixed size, the second part can vary in size depending on the rank chosen by the UE. Further spCSI activation is a dynamic event triggered by MAC-CE and it may not be possible to predict the need to multiplex CSI beforehand. These observations lead us to the following proposals:
Proposal 4: Due to variation in the size of CSI Part 2, the overhead due to CSI Part 2 cannot be determined beforehand for all slots of TBOMS. It is suggested that the overhead of CSI Part 2 not be directly taken into account to determine the starting bit indices for TBOMS. 
Proposal 5: Due to the dynamic nature of spCSI activation, it is suggested that UCI overhead due to sp-CSI not be directly taken into account to determine the starting bit indices for TBOMS.
Acknowledging the difficulties of predicting UCI payloads across all slots of a TBOMS, we examine whether some alternate approaches could be feasible. 
Implicit or Indirect method to address UCI overhead
It’s clear that if we let UCI multiplexing not be accounted for, some of the coded bits may not get transmitted as illustrated in Figure 1. In particular, if systematic bits are lost due to this process, it could lead to performance loss. Thus, even though a direct accounting of UCI overhead may not seem feasible, an implicit means whereby a nominal UCI payload overhead is assumed could be an alternate means to avoid scenarios where systematic bit do not get transmitted. 
For example, consider a 4-slot TBOMS, where each slot can carry a total of 1000 coded bits. Now of the 1000 coded bits, we could nominally assume that 20% of the bits may be taken up by UCI overhead and only 80% of the bits are used for UL-SCH/data transmission. We could use this assumption towards developing an indirect means to account for UCI multiplexing while keeping the dynamics of TBOMS and UCI multiplexing reasonable well separated from each other. The fraction of bits that are assumed to be available towards TBOMS data transmission could be denoted as , and be given to the UE via RRC configuration. This leads us to the following proposal:
Proposal 6: The index of the starting coded bit for the kth slot of a single TBOMS is given by , where

and
,
where  is the modulation order and  is the number of REs available in the (k-1)th slot for transmission and .  represents the nominal fraction of resources that are likely to be available for SCH transmission after allocation of resources for UCI multiplexing. The value of  is configured via RRC.  is set to be the starting bit index of the RV associated with the single TBOMS. 
Other Issues
We make the following remarks on a few additional ancillary issues.
Dynamic switching between PUSCH Type A repetitions and TBOMS:
In the last meeting we introduced a new column in the TDRA table to indicate the number of slots assigned to a single TBoMS. It was further agreed that setting the entry in this column to 1 could indicate a fall back to legacy PUSCH Type A repetitions. This framework permits going back and forth between the two modes of transmission. Retransmission of TBOMS could fall back to single slot or smaller duration PUSCH Type A repetitions. This flexibility for shorter duration retransmissions could be a valuable feature that lets a gNB fine tune the amount of resources to set aside for retransmission. We therefore suggest that we not impose any further restrictions on such functionality and leave it to the gNB schedulers to determine the right course of action.
Proposal 7: Impose no restrictions on dynamic switching between legacy (R15/R16) PUSCH repetitions and TBOMS. Allow the desired mode of transmission to be chosen based on the signaled or configured row index of the TDRA table.
Initial transmission of CG-TBOMS
The starting slot for CG-TBOMS needs to be clearly identified. We propose to let CG-TBOMS to only start on the first slot associated with RV0 to ensure that the systematic bits are transmitted.
Proposal 8: For CG-TBOMS with or without repetitions, the transmission is restricted to begin from the first slot of a single TBOMS associated with RV0.
On UCI multiplexing 
Defining a transmission occasion to span a single slot and restricting rate matching to occur on a per-slot basis ensures that the legacy rules on UCI multiplexing can be followed without any changes. A UE can continue to make UCI multiplexing decisions on a per-slot basis without any dependencies on past of future TBoMS transmissions. This motivates us to propose the following.
Proposal 9: Reuse R15/R16 framework for UCI multiplexing on PUSCH for each slot of a single TBoMS as well. 
TBoMS Scheduling
Since TBoMS transmissions span multiple slots and could involve additional slot-to-slot coordination and more involved circular buffer handling at the UE, it is preferred to not allow interlacing of multiple TBoMS transmissions carrying different TBs. 
Proposal 10: 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: The following principles are used to predetermine the starting bit location:
1. The same behavior is specified for CG-TBOMS and DG-TBOMS
2. To avoid error propagation, any dynamic information or behavior is not taken into account for starting bit determination
i. For e.g., sp-CSI activation/deactivation is a dynamic event that could cause misalignment, and any information related to sp-CSI multiplexing should be discouraged from being included in the procedure for starting bit determination.
3. The overall design should be forward compatible to future changes to UCI multiplexing rules.
i. R17 TEI is discussing changes to relax HARQ ACK/NACK multiplexing on DG-PUSCH repetitions. TBOMS design should be amenable to such changes in the future

Proposal 2: TBOMS for shared spectrum is not triggered through configured grants. CG-UCI is not taken into account for starting bit determination of TBOMS.
Proposal 3: With forward compatibility and a unified design across CG-TBOMS and DG-TBOMS in mind, it is suggested that the overhead of ACK-NACK UCI not be directly taken into account to determine the starting bit indices for TBOMS.
Proposal 4: Due to variation in the size of CSI Part 2, the overhead due to CSI Part 2 cannot be determined beforehand for all slots of TBOMS. It is suggested that the overhead of CSI Part 2 not be directly taken into account to determine the starting bit indices for TBOMS. 
Proposal 5: Due to the dynamic nature of spCSI activation, it is suggested that UCI overhead due to sp-CSI not be directly taken into account to determine the starting bit indices for TBOMS.
Proposal 6: The index of the starting coded bit for the kth slot of a single TBOMS is given by  where

and
,
where  is the modulation order and  is the number of REs available in the (k-1)th slot for transmission and .  represents the nominal fraction of resources that are likely to be available for SCH transmission after allocation of resources for UCI multiplexing. The value of  is configured via RRC.  is set to be the starting bit index of the RV associated with the single TBOMS. 
Proposal 7: Impose no restrictions on dynamic switching between legacy (R15/R16) PUSCH repetitions and TBOMS. Allow the desired mode of transmission to be chosen based on the signaled or configured row index of the TDRA table.
Proposal 8: For CG-TBOMS with or without repetitions, the transmission is restricted to begin from the first slot of a single TBOMS associated with RV0.
Proposal 9: Reuse R15/R16 framework for UCI multiplexing on PUSCH for each slot of a single TBoMS as well. 
Proposal 10: 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 105-e e-meeting
	Working assumption:  Agreement:
For TBS determination of TBoMS:
· NohPRB is configured by xOverhead and represents the overhead per slot.
· NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated. 
Note: xOverhead configuration is as per Rel-15/16.
Agreement:
The following 2 options for time domain resource determination for TBoMS are considered for down-selection during RAN1 #105-e:
· Option 1: Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA. 
· Option 2: Time domain resource determination for TBoMS can be performed via PUSCH repetition Type A like TDRA or via PUSCH repetition Type B like TDRA.
 The use of PUSCH repetition Type B like TDRA for time domain resource determination is according to an additional UE capability for a TBoMS capable UE.
 FFS DMRS pattern for PUSCH repetition Type B like 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.
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:
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.

Agreement:
The following approach is used to calculate NInfo for TBoMS:
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K.

L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.



Appendix B: Agreements made in RAN1 106-e e-meeting

	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.


Agreement
TBoMS is supported for both configured grant and dynamic grant.

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 
To calculate   for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
FFS: whether further values 1<K<N are supported.
FFS: details related to the indication of .
Note: No supporting the case K=1 for a single TBoMS.

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.
Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
 Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.





Appendix C: Agreements made in RAN1 106bis-e e-meeting

	Agreement
· For transmission power determination of TBoMS transmission in Rel-17, RAN1 to down-select one of the following two options:
· Option 1: The transmission power determination of TBoMS should be based on all the REs allocated in one available slot for the TBoMS transmission, excluding the overhead of reference signals
· Option 2: The transmission power determination of TBoMS should be based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
· FFS: details on BPRE

Agreement
The number of MIMO layers (rank) for TBoMS transmission in Rel-17 is limited to 1. 

Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, at least the legacy Rel-15/16 inter-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.

Agreement
· 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
 
Agreement
For the repetition of a single TBoMS transmission, redundancy versions (RVs) are cycled across the TBoMS repetitions. The legacy Rel-15/16 RV sequences and RV index indication are reused.
Conclusion
Values 1<K<N for the scaling factor to calculate N_info for TBS determination for TBoMS transmission in Rel-17 are not supported.

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


Agreement
BPRE for TBOMS is calculated as  where N is the number of slots allocated for a single TBOMS and  is the number of allocated REs in one allocated slot of a single TBOMS.
Note: How this equation or its equivalent is captured in the specification is left to the editor
 
Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, the legacy Rel-15/16 intra-slot frequency hopping framework used in PUSCH repetition Type A is supported.
· FFS: other frequency hopping schemes.

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 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.
 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
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