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At the RAN1#107-e meeting, the following agreements, working assumption and conclusions were made regarding TB processing over multi-slot PUSCH (TBoMS) [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.
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 , , ,  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.

Further, at the RAN#94-e meeting, the following agreement was made regarding the determination of the index of the starting coded bit for TBoMS [2].
Agreement:
· For the determination of the index of the starting coded bit in a transmitted slot for TBoMS:
· adopt option C at RAN#94e
· task RAN1 to work on the corresponding CR(s) for RAN#95e
In the contribution, we discuss remaining issues for TB processing over multi-slot PUSCH (TBoMS). Our views on enhancements on PUSCH repetition type A, joint channel estimation for PUSCH and Msg3 PUSCH repetition are presented in our companion contributions [3], [4] and [5], respectively. 
Discussion on Type 1 CG-PUSCH for TBoMS
At the RAN1#106-e meeting, it was agreed to support TBoMS for both configured grant and dynamic grant [6]. This indicates that both Type 1 and Type 2 CG-PUSCH should be supported for TBoMS. Further, at the RAN1#106b-e meeting, it was agreed that number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. TBoMS 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. Further, TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS, while single-slot PUSCH transmission is enabled when N = 1 [1]. To enable the support of Type 1 CG-PUSCH for TBoMS, number of slots for the transmission of TBoMS can be configured as part of ConfiguredGrantConfig parameters. 
Proposal 1
· Type-1 CG-PUSCH is supported for TBoMS. 
· Number of slots for TBoMS transmission is configured in ConfiguredGrantConfig. 

Out of order handling for TBoMS
In Rel-15, out of order handling for PUSCH scheduling was defined as follows, with the intention to restrict the relative timing among two PDCCHs and the scheduled PUSCHs.
	for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.



For TBoMS transmission which spans multiple available slots, existing out of order handling mechanism may be reused. Figure 1 illustrates some examples of out of order handling between TBoMS and single-slot PUSCH transmission. In the examples, based on existing mechanism, case A) and B) are considered as invalid scheduling, i.e., out of order for single-slot PUSCH and TBoMS scheduling. However, for case C), it is not clear whether it can be considered as valid scheduling, given that two scheduling DCIs have the same ending symbols. Given that a single-slot PUSCH is scheduled between allocated slots for TBoMS transmission, which poses certain restriction on UE implementation timeline, it may be more appropriate to consider Case C) as out of order scheduling for single-slot and TBoMS transmission. 
[image: ]
[bookmark: _Ref86869634]Figure 1. Out of order handling between TBoMS and single-slot PUSCH
Proposal 2
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   

Frequency hopping mechanism for TBoMS
At the RAN1#106b-e meeting, it was agreed that legacy Rel-15/16 intra-slot and inter-slot frequency hopping framework used in PUSCH repetition Type A is supported for a single TBoMS transmission and TBoMS repetitions. Further, it was agreed that joint channel estimation can be enabled for TBoMS when back-to-back transmission over consecutive slots is considered [7].
To facilitate the joint channel estimation for TBoMS, it may be beneficial to consider enhanced inter-slot frequency hopping mechanism, i.e., inter-slot frequency hopping with inter-slot bundling. As discussed in our companion contribution [4], for coverage limited scenario, channel estimation is typically a bottleneck in terms of link level performance. To improve the channel estimation accuracy, and hence increase overall link budget of uplink transmission, joint channel estimation can be employed in conjunction with enhanced inter-slot frequency hopping pattern. Given that the design for TBoMS can reuse that for multi-slot PUSCH in case of DMRS bundling, frequency hopping pattern for TBoMS can be determined based on physical slot index.
In case of TBoMS repetition, inter-repetition frequency hopping can be applied, where same frequency resource is allocated for one TBoMS repetition and different frequency resources can be allocated for two successive TBoMS repetitions. This is similar to what was defined for PUSCH repetition type B. Note that this inter-repetition frequency hopping mechanism may be coupled with DMRS bundling so as to exploit the benefit of frequency diversity while providing the channel estimation gain. Figure 2 illustrates one example of inter-repetition frequency hopping mechanism for TBoMS repetition. 
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[bookmark: _Ref81920559]Figure 2. Inter-repetition frequency hopping for TBoMS repetition
Proposal 3
· In case of DMRS bundling, inter-slot frequency hopping with inter-slot bundling is supported for TBoMS. 
· Frequency hopping pattern for TBoMS is determined based on physical slot index.
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.

Collision handling for TBoMS
In Rel-16, two-level priority indication for PUSCH and PUCCH was introduced in order to differentiate different types of services, e.g., URLLC and eMBB. Further, if a high-priority UL transmission overlaps with a low-priority UL transmission, UE drops the low-priority UL transmission under timeline constraint. Given the fact that TBoMS is mainly targeted for coverage enhancement rather than low latency application, it is more reasonable to treat TBoMS transmission with low priority. In this case, when TBoMS overlaps with uplink transmission with higher priority in a slot, the TBoMS in the overlapped slot is dropped. 
Proposal 4
· TBoMS is considered as low priority uplink transmission.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed remaining issue for TB processing over multi-slot PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· Type-1 CG-PUSCH is supported for TBoMS. 
· Number of slots for TBoMS transmission is configured in ConfiguredGrantConfig. 
Proposal 2
· For out of order handling for TBoMS:
· Consider Case A), B) and C) in Figure 2 as out of order scheduling.   
Proposal 3
· In case of DMRS bundling, inter-slot frequency hopping with inter-slot bundling is supported for TBoMS. 
· Frequency hopping pattern for TBoMS is determined based on physical slot index.
· For repetition of a single TBoMS transmission, inter-repetition frequency hopping is supported.
Proposal 4
· TBoMS is considered as low priority uplink transmission.
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