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1. Introduction
In the RAN1#107-e meeting, the discussions were focused on a single TBoMS repetition, rate matching, UCI multiplexing, etc. The following agreements and working assumptions for TBoMS were achieved [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 following working assumption is confirmed.
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.

Decision: As per email decision posted on Nov 19th,
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.

Decision: As per email decision posted on Nov 20th,
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.


In this contribution, we further analyze the potential enhancements and provide our views on TBoMS.
2. Discussion
2.1 Handling of collision for TBoMS
In Rel-15/16, when a PUSCH transmission is overlapped with other transmission with high priority or PUCCH repetition, etc., the PUSCH transmission need to be discarded. When TBoMS is enabled, if the similar method in Rel-15/16 is reused, then the whole TBoMS transmission should be discarded. However, in this way, much resources will be wasted when only part of slot(s) within a TBoMS is collided. The dropping rules based on overlapped slot(s) could be considered.
Proposal 1: Only dropping the overlapped slot(s) should be considered for TBoMS transmission when collision happen. 
2.2 Re-transmission for TBoMS
One of the issue related to TBoMS is retransmission. When TBoMS is enabled, a TB can occupy multiple slots, then each slots (or a set of slots) of the TBoMS transmit only part bits of a TB. One straightforward way is re-transmitted the whole TB of the TBoMS when the TB is error. However, in this way, it’s not friendly for using of resources when only a part of slots within the TBoMS have bad channel condition. An enhanced mechanism should be considered. In NR Rel-15/16, code block groups based (CBG-based) PUSCH transmission was specified by grouping code blocks of a TB into code block groups, each code block groups include several code blocks. The main purposes of introducing CBG based transmission mechanism which is to reduce the re-transmission resource and further improve the capacity of the CBG. Similar mechanism could be reused for Rel-17 TBoMS retransmission. Unfortunately, in last RAN 1 e-meeting, transmission is limited to one CB only for Rel-17 TBoMS was achieved, CBG based mechanism can’t be reused for TBoMS retransmission directly. Some modified will be needed. A slot or a set of slots retransmission for TBoMS could be supported. 
Proposal 2. A slot or a set of slots retransmission for TBoMS should be supported. 
2.3 Maximum TBS limitation for TBoMS
In RAN1#104-e, it has been agreed that the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. Unfortunately, due to time limitation, the issue has been not discussed yet. Anyway, the issue should be determined. In current specification, the data rate constraint conditions is defined in clause 6.1.4 of [3]. As show below:
For a j-th serving cell, if higher layer parameter processingType2Enabled of PUSCH-ServingCellConfig is configured for the serving cell and set to 'enable', or if at least one IMCS > W for a PUSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS tables 5.1.3.1-2, 6.1.4.1-1, and 6.1.4.1-2, or if it is an actual repetition for PUSCH repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PUSCH
-	M is the number of TB in the PUSCH
-	 where  is the numerology of the PUSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 6.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i)
-	each actual repetition for PUSCH repetition type B is treated as one PUSCH.
It’s has been agreed that the   calculation for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS. A simple way to limit the TBS of TBoMS is to redefine the L as the number of symbols allocated to a TBoMS within a slot. 
Proposal 3: The maximum TBS for TBoMS should be limited based on DataRateCC. 
2.4 FDRA for TBoMS
[bookmark: OLE_LINK22]One of the main reason for bottleneck of PUSCH coverage is the limitation of transmission power, boosting the transmission power with the narrow bandwidth for better coverage is a feasible way. When TBoMS transmission is enabled, there is no need to occupy a lager frequency domain resources to achieve even lower code rate thanks to the increased time domain resources from multiple slots. Thus, the maximum number of PRB in the frequency domain can be limited. As a result, some bits of FDRA field in DCI can be saved.  Some companies argued that the PRBs limitation for TBoMS should be done by gNB scheduling, however, in this way, saving some bits in FDRA field will be disappeared. How to define the maximum number of PRBs, it could be further studied, e.g., depending on the number of slots for TBoMS could be considered.
Proposal 4: The maximum number of PRBs can be limited when TBoMS is enabled.
2.5 UCI multiplexing
In the current specification, when a single PUCCH and PUSCH transmissions of same priority index overlaps with each other, the UCI is multiplexed on the PUSCH in the overlapped slot and the PUCCH transmission is cancelled if the timeline condition is met. When TBoMS transmission is enabled, a TB would be occupied multiple of slots, the legacy per-slot UCI multiplexing mechanism is not applicable. 
When the overlapping of PUCCH and PUSCH is realized by UE before the start of TBoMS PUSCH preparation, the UE can determine the amount of REs for the TBoMS PUSCH in consideration of UCI transmission resources when performing rate-matching, but not vice versa. UCI puncturing can be an option when the determination time is later than the start of the PUSCH preparation, as shown in Figure 1.


Figure 1: UCI multiplexing mechanism
[bookmark: _Hlk71621211]Proposal 5: UCI multiplexing is performed by puncturing or rate-matching depending on the determination time is before or latter the starting time of PUSCH preparation.
We know the timelines are different for the cases with and without multiplexing. The reason for the difference is that UCI multiplexing performed by rate-matching in current specification, so the impact of processing time of other type messages to be considered, and then the  is introduced which is the first symbol of the earliest PUSCH. But if UCI multiplexing performed by puncturing, the impact on PUSCH transmission will be ignored, and should be defined independently of PUSCH transmission and probably not the first symbol of PUSCH
Proposal 6: If UCI multiplexing is performed by puncturing，  may differ from rate-matching for UCI multiplexing.
In addition, considering that when TBoMS is scheduled, UE is generally located at the edge of the cell with poor coverage. If UCI multiplexing occurs at this time, it means that UCI coverage is also poor. UCI coverage needs to be improved, which can be addressed by increasing UCI resources with UCI repetition.
Proposal 7: If UCI multiplexing in TBoMS is supported, UCI repetition should be considered.
2.6 Frequency hopping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Frequency hopping can obtain the gain of frequency diversity, which can effectively improve the performance of PUSCH transmission. In the last meeting, it has been agreed 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. In our views, inter-slot frequency hopping and joint channel estimation need also to be supported in the design of TBoMS transmission.


Figure 2: Inter-slot frequency hopping with inter-slot bundling
Proposal 8: The bundling of inter-slot frequency hopping should be supported for TBoMS.
3. Conclusion
In this contribution, the following proposals and observations have been made:
Proposal 1: Only dropping the overlapped slot(s) should be considered for TBoMS transmission when collision happen. 
Proposal 2. A slot or a set of slots retransmission for TBoMS should be supported. 
Proposal 3: The maximum TBS for TBoMS should be limited based on DataRateCC.
Proposal 4: The maximum number of PRBs can be limited when TBoMS is enabled.
Proposal 5: UCI multiplexing is performed by puncturing or rate-matching depending on the determination time is before or latter the starting time of PUSCH preparation.
Proposal 6: If UCI multiplexing is performed by puncturing，  may differ from rate-matching for UCI multiplexing.
Proposal 7: If UCI multiplexing in TBoMS is supported, UCI repetition should be considered.
Proposal 8: The bundling of inter-slot frequency hopping should be supported for TBoMS.
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