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Background
In this paper, we provide views on TBoMS (Transport Block processing over Multi-Slot) transmission. 
Structure of TBoMS transmission
At RAN1#104-e meeting, the following agreements are made in AI 8.8.1.2 for TBoMS structure [1]. 
	[bookmark: _Hlk69477917][bookmark: _Hlk69480891]Agreement:
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.

Agreements:
For the definition of a single TBoMS, down select among the following options:
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· 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. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
· FFS: other implications, e.g., power control, collision handling and so on. 




Our analyses on each option are provided as follows. Based on the following summary, we propose to take Option 3 or 4 as a basic structure of TBoMS. Detailed analyses are provided below.
Proposal 1: Multiple TOTs are determined for a TBoMS. Down select from the following two options
	The TB is transmitted on the multiple TOTs using single RVs (i.e., Option 3).
	The TB is transmitted on the multiple TOTs using different RVs (i.e., Option 4).
Table 1: Analyses on options for TBoMS
	
	Option 1
	Option 2
	Option 3
	Option 4

	Processing timeline
	
	
	good
	good

	Rate matching
	good
	good
	good
	good

	Collision handling
	
	
	good
	good



1.1. Processing timeline for pipeline processing
Pipeline processing should be ensured for TBoMS transmission. Once the UE performed an encoding procedure including (LDPC coding, rate-matching and UCI multiplexing) for a TBoMS, the UE shouldn’t be required to redo them for the TBoMS transmission. Therefore, processing timeline should be carefully considered to ensure pipeline processing. 
If a concept of encoding block where in each encoding block the encoding procedure is performed is defined, processing timeline requirement should be defined per encoding block, rather than per TBoMS. Defining the processing timeline requirement per TBoMS causes an issue in terms of DL/UL scheduling. For example, in Figure 1, the UE cannot properly handle collision with PUCCH triggered after the start of TBoMS. The situation becomes worse if the length of TBoMS is long in time domain. If a TBoMS comprises of more than 16 slots, the gNB cannot allocate PDSCH in some slots since the maximum value of PDSCH to PUCCH slot offset is 15. 
Observation 1: Processing timeline (e.g., for UCI multiplexing) should be met per encoding block.
For Option 1, an encoding block should be defined per TBoMS transmission due to the nature of single RV allocation and single TOT. Therefore, Option 1 is not recommended in terms of processing timeline. For Option 2, an encoding block may be defined per RV allocation. However, it’s not aligned with Rel-16 specification where a transmission occasion is defined as an encoding block. Therefore, our preference is to configure a TOT as an encoding block. 
Proposal 2: An encoding block should be defined per TOT.
Proposal 3: Processing timeline requirement (e.g., for UCI multiplexing) should be defined per TOT.


Figure 1: Undesired processing timeline for UCI multiplexing
1.2. Rate-matching
RV allocation affects the overall performance of a TBoMS. From performance perspective, single RV allocation with continuous coded bit mapping over multi-slot resource would be an ideal solution (shown in Figure 1a) due to uniform coded bit distribution. For multiple RV allocation, a part of systematic bits cannot be allocated due to coarse granularity of RV position when a ratio E/N of the number of rate-matching output sequence length E per encoding block and the number N of coded bits as encoder output is smaller than 1/4. On the other hand, due to the nature of coverage enhancement work, this kind of situation wouldn’t happen if we assume lower MCS like MCS 0. For MCS 0 with base graph 2 with mother code rate 1/3, the ratio E/N is approximately 1.42. Therefore, with 6 encoding blocks per TBoMS, performance degradation is not expected. Therefore, we observe that performance difference is small between single RV allocation and multiple RV allocation.
Observation 2: Performance difference is expected to be small between single RV allocation and multiple RV allocation.


Figure 2: RV allocation
1.3. Collision handling
It is too conservative to drop all the transmission when the TBoMS overlaps with a high priority channel or the UE detects DCI format 2_0 indicating a portion of the TBoMS is cancelled. In our perspective, such collision should be handled per TOT, which makes less specification impact. Up to Rel-16, collision handling is performed per transmission occasion. Therefore, we propose,
Proposal 4: Collision with a high priority channel or indication of cancellation for a part of TBoMS by DCI format 2_0 should be handled per TOT.
Time domain resource
1.4. Time domain resource indication
At the last meeting, resource indication mechanism was discussed extensively focusing on availability of special slots. In our view, whether special slots can be utilized for TBoMS or not is not the matter. Special slots can be utilized even when only repetition type A like TDRA is supported for TBoMS, by using PUSCH mapping type B. Therefore, the discussion point should be “how” to utilize special slots for TBoMS. In our view, utilizing special slots by repetition type B like TDRA would be beneficial for coverage enhancement. Figure 1 shows an example of TBoMS Option 1 with repetition type A/B like TDRA where the resource indicated by yellow colour is an amount of resource which can only be used by repetition type B like TDRA with other UL slot resources. We think it’s a clear benefit of repetition type B in terms of coverage enhancement work.
Proposal 5: For TBoMS, repetition type B like TDRA should be supported.
We are fine with supporting repetition type A like TDRA for its functional simplicity. Further, we should support enhanced counting method discussed in AI8.8.1.1.
Proposal 6: For TBoMS, repetition type A like TDRA should be supported.
	Counting on the basis of available slots should be supported.


1.5. DMRS arrangement
At the last meeting, DMRS enhancement has been discussed with resource indication. However, we don’t see any motivation to enhance DMRS arrangement for repetition type B. As default, TBoMS doesn’t involve joint channel estimation. 
Proposal 7: Joint channel estimation is not a prerequisite feature for TBoMS. When joint channel estimation is not configured for TBoMS, no DMRS enhancement is required. Discussion on DMRS enhancement should be discussed in line with joint channel estimation for a case where joint channel estimation is configured for TBoMS.
TOT configuration
As discussed in Section 2, division of multi-slot resource into multiple TOTs (i.e., encoding blocks) are necessary for pipeline processing. For FDD, if a single TOT comprises of 32 consecutive physical slots starting with slot#n, collision with the TOT and PUCCH allocation for some PDSCHs (e.g., PDSCH in slot#n to slot#n+15) cannot be avoided since the maximum value of PDSCH to PUCCH slot offset is 15. For TDD, the situation is even worse. Therefore, we propose,
Proposal 8: At least for FDD, the gNB configures a TOT length in unit of slots.
TBS determination
At RAN1#104-e meeting, the following agreements are made in AI 8.8.1.2 for TBoMS transmission [2]. 
	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.




1.6. Ninfo calculation
On Ninfo calculation. it should be clarified firstly that the term “TBoMS transmission” refers to a TBoMS or a TOT. In our view, the original intention is to scale the TBS to fit into the reference coding rate signaled in MCS field, which reduces some overhead produced by data segmentation, and provides transmission power gain. On the other hand, at the last meeting, repetition of a TOT has been proposed. In our view, target resource amount for a TBoMS would be better to be configurable to support both a TBoMS transmission without repetition and a TBoMS transmission with repetition.
Proposal 9: For Ninfo calculation, at least the following two scenarios should be possible:
· Resource amount for a TBoMS (i.e., all resources indicated by TDRA) is targeted for Ninfo calculation
· Resource amount for a TOT is targeted for Ninfo calculation
To support the above, we support an explicit scaling factor to scale-up Ninfo for a TBoMS. 
Proposal 10: 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 observations.
Observation 1: Processing timeline (e.g., for UCI multiplexing) should be met per encoding block.
Observation 2: Performance difference is expected to be small between single RV allocation and multiple RV allocation.
In this contribution, we have the following proposals:
Proposal 1: Multiple TOTs are determined for a TBoMS. Down select from the following two options
	The TB is transmitted on the multiple TOTs using single RVs (i.e., Option 3).
	The TB is transmitted on the multiple TOTs using different RVs (i.e., Option 4).
Proposal 2: An encoding block should be defined per TOT.
Proposal 3: Processing timeline requirement (e.g., for UCI multiplexing) should be defined per TOT.
Proposal 4: Collision with a high priority channel or indication of cancellation for a part of TBoMS by DCI format 2_0 should be handled per TOT.
Proposal 5: For TBoMS, repetition type B like TDRA should be supported.
Proposal 6: For TBoMS, repetition type A like TDRA should be supported.
	Counting on the basis of available slots should be supported.
Proposal 7: Joint channel estimation is not a prerequisite feature for TBoMS. When joint channel estimation is not configured for TBoMS, no DMRS enhancement is required. Discussion on DMRS enhancement should be discussed in line with joint channel estimation for a case where joint channel estimation is configured for TBoMS.
Proposal 8: At least for FDD, the gNB configures a TOT length in unit of slots.
Proposal 9: For Ninfo calculation, at least the following two scenarios should be possible:
· Resource amount for a TBoMS (i.e., all resources indicated by TDRA) is targeted for Ninfo calculation
· Resource amount for a TOT is targeted for Ninfo calculation
Proposal 10: A TBS scaling factor K is indicated through a DCI format for scheduling the PUSCH or RRC signaling.
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