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Background
In this paper, we provide views on TBoMS (Transport Block processing over Multi-Slot) transmission. 
Discussion
1.1. Structure of TBoMS transmission
At RAN1#104-e meeting, the following agreements are made in AI 8.8.1.2 for TBoMS transmission resource structure [1]. 
	[bookmark: _Hlk63096048]Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different
Agreement:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
· To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum 
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band 
· FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band




The following details for TBoMS transmission resource structure are still FFS. 
· Potential down selection of supporting both or either of repetition type A and/or type B for TBoMS time domain resource
· Whether to support non-consecutive physical slots for TBoMS transmission
Some companies opposed to support repetition type B like time domain resource at the last meeting. However, repetition type B has a clear benefit over repetition type A in terms of utilization of partial uplink region in special slots. Therefore, we don’t think down selection is necessary.
Proposal 1: PUSCH repetition type A and type B are supported for signaling time domain resource for TBoMS transmission.
To discuss feasibility of supporting non-consecutive physical slots for TBoMS transmission, we think it’s required to make a clear view on what structure the TBoMS transmission has. We discuss TBoMS structure with two alternatives which align with the above agreements.
· Alt. 1: PUSCH crossing the slot boundary
· Alt. 2: PUSCH repetition-based transmission
Figure 1 shows TBoMS transmission structure for Alt. 1 where a single PUSCH without repetition is comprised of multi-slot resource signaled via repetition type B like TDRA with numberOfRepetitions-r16 = 8, startSymbol-r16 = 0 and length-r16 = 14. A single RV is allocated for the single PUSCH without repetition, which implies that RE mapping is defined within the multi-slot resource. As illustrated in Figure 1, the single PUSCH overlapping with DL region (represented by broken line) should be punctured or rate matched. From performance perspective, rate matching would be preferred. On the other hand, puncturing would be simpler in UE implementation.
Proposal 2: If a single PUSCH crossing slot boundaries without repetition is supported for TBoMS transmission, some reserved resources (e.g., DL region) which overlaps with the single PUSCH should be punctured or rate matched.

 
Figure 1: TBoMS transmission structure for Alt. 1 where a single PUSCH without repetition is comprised of multi-slot resource signaled via repetition type B like TDRA with numberOfRepetitions-r16 = 8, startSymbol-r16 = 0 and length-r16 = 14
Figure 2 shows an example of Alt. 2. Each block indicates a PUSCH repetition where all PUSCH repetitions convey the same TB. In that case, a single RV is allocated for each repetition as already supported in Rel-16 repetition. We can also consider this alternative as a candidate scheme for TBoMS transmission.
Proposal 3: Repetition based TBoMS scheme should be supported.


Figure 2: PUSCH repetition with each repetition confined within a slot
As an alternative of Alt.2, we can consider applying repetition to PUSCH crossing the slot boundary, illustrated in Figure 3. With this alternative, UE complexity for rate matching would be relaxed while supporting efficient coded bit mapping.
Proposal 4: Repetition of a PUSCH crossing the slot boundary should be considered for utilizing non-consecutive physical slot allocation.


Figure 3: Repetition of a PUSCH crossing the slot boundary
1.2. Reference signals for TBoMS transmission
At RAN1#104-e meeting, the following agreement is made in AI 8.8.1.3 for TBoMS transmission [1]. 
	Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability




As discussed in previous section, PUSCH may have length larger than 14, which leads specification impacts on DMRS configuration since currently time domain DMRS configuration is specified only for length equal to or smaller than 14. On the other hand, time domain DMRS configuration is closely related to cross slot channel estimation in another agenda. If cross slot channel estimation is not configured for TBoMS transmission, motivation to specify new DMRS configuration is not clear. Therefore, we propose,
Proposal 5: If cross slot channel estimation is not configured for TBoMS transmission, DMRS is configured per slot irrespective of PUSCH structure. DMRS configuration for length larger than 14 should be studied in joint channel estimation AI.
1.3. TBS determination for TBoMS transmission
At RAN1#104-e meeting, the following agreements are made in AI 8.8.1.2 for TBoMS transmission [1]. 
	Agreements:
One or two of the following approaches will be considered as a starting point to decide how NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· 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
Note: 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.


Agreements:
One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.




Firstly, what is “TBoMS transmission” should be clarified in Approach 1. In our view, considering Alt.1 1 and Alt. 2 for TBoMS transmission structure, “TBoMS transmission” should be understood as “a transmission in multi-slot resource provided by a single TDRA either by repetition type A or type B”. For Alt. 1 in Figure 1, “REs determined across the symbols or slots over which the TBoMS transmission is allocated” should exclude punctured or rate matched resource, otherwise appropriate coding rate cannot be obtained. However, it causes another issue when higher priority PUSCH overlaps with the TBoMS transmission. For example, if the TBoMS transmission in slot#4 in Figure 1 overlaps with a higher priority PUSCH transmission, the TBoMS transmission in slot#4 should be punctured. In that case, if the UE failed to detect the DCI format scheduling the higher priority PUSCH transmission, TBS value calculated by gNB/UE becomes different. Therefore, Approach 1 is not feasible.
Therefore, we propose to indicate a TBS scaling factor K in Approach 2 based on DCI format or RRC signaling explicitly.
Proposal 6: A TBS scaling factor K is indicated through a DCI format for scheduling the PUSCH or RRC signaling.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: PUSCH repetition type A and type B are supported for signaling time domain resource for TBoMS transmission.
Proposal 2: If a single PUSCH crossing slot boundaries without repetition is supported for TBoMS transmission, some reserved resources (e.g., DL region) which overlaps with the single PUSCH should be punctured or rate matched.
Proposal 3: Repetition based TBoMS scheme should be supported.
Proposal 4: Repetition of a PUSCH crossing the slot boundary should be considered for utilizing non-consecutive physical slot allocation.
Proposal 5: If cross slot channel estimation is not configured for TBoMS transmission, DMRS is configured per slot irrespective of PUSCH structure. DMRS configuration for length larger than 14 should be studied in joint channel estimation AI.
Proposal 6: A TBS scaling factor K is indicated through a DCI format for scheduling the PUSCH or RRC signaling.
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