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Introduction
In RAN1#105-e meeting, several agreements and working assumptions were made regarding on TB processing over multi-slot PUSCH [1]. Following the previous discussion, we continue to discuss on specification of TB processing over multi-slot PUSCH. 
Following the previous discussion, we continue to discuss on mechanism to support TB processing over multi-slot PUSCH based on the agreements and working assumptions.

TBoMS transmission structure
Some agreements and working assumption were made regarding on the transmission structure of TBoMS in the last meeting. There are still some discussion points remained regarding on the composition and role of the TOT and the rate-matching method of the TBoMS.

1.1 Transmission occasion of TBoMS
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Figure 1. Transmission occasion of TBoMS

According to the working assumption made in the last meeting, a TOT is constituted of at least one slot or multiple consecutive physical slots for UL transmission. 
The intention of the working assumption as described is to configure adjacent consecutive UL slot resources as one TOT in unpaired spectrum. Considering this, in the example of TDD configuration illustrated in Figure 1, it is preferable that adjacent UL slots are associated into the same TOT. Then, a TOT is composed by two or three consecutive UL slots, thus the number of slots constituting a TOT is different for each TOT. In that case, it may be effective to define a bundle of adjacent UL slots as one TOT rather than fix the number of slots constituting the TOT as one value.
On the other hand, in paired spectrum case, the entire slots can be used for UL transmission. Therefore, if the same principle is applied for TOT composition, all slot resources constituting the TBoMS compose a TOT in paired spectrum. Considering that TOT may be used as a unit of signal generation of TBoMS transmission, it seems undesirable for one TOT to consist of too many slot resources. Therefore, it is necessary to limit the number of slots constituting the TOT.
In a word, it is necessary to define the maximum number of slots constituting a TOT. Consecutive UL slots within the maximum number of slots constitute one TOT in unpaired spectrum, and slots as many as the maximum number of slots constitute one TOT in paired spectrum.

Proposal 1: Define the maximum number of slots constituting a TOT.

1.2 Rate-matching for TBoMS
In the last meeting, a discussion on the rate-matching unit of TBoMS transmission was held, and three rate-matching unit options were defined: ‘per slot’, ‘per TOT’, and ‘all the allocated slots for TBoMS’. One of these options will be down-selected in this meeting.
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Figure 2. Examples of rate-matched bits for TBoMS

If the rate-matching unit is configured with too long time resources, the implementation complexity of the UE may increase, and there may be difficulties in multiplexing with other uplink transmissions. Instead, it seems necessary to appropriately limit the length of rate-matching unit and change the RV value applied for each rate-matching unit, so that all coded bits are transmitted evenly during the transmission of TBoMS. Considering this, rather than performing rate-matching for all slots constituting TBoMS, it is desirable to perform rate-matching in unit of slots or TOTs and to apply different RV values evenly during TBoMS transmission.
On the other hand, defining the rate-matching unit to be too short may also cause a problem. In TBoMS transmission, TB size scaling is applied to increase the TB size compared to the single slot based PUSCH transmission. In this case, the size of the coded bits is also increased, and accordingly, the interval between the starting bit positions for different RV values is increased for rate-matching. Thus, if rate-matching of TB is performed in slot units as before, the size of rate-matched coded bits can be shorter than the interval between two starting bits for adjacent RVs as shown in Figure 2.(a). In this case, even if a different RV value is applied for each rate-matching unit, it will lead a problem that a part of coded bits cannot be transmitted.
Considering this problem, it seems preferable to perform rate-matching in units of TOT rather than performing rate-matching in units of slots so that the length of transmitted coded bits can be increased at a time as shown in Figure 2. (b). Alternatively, to transmit more coded bits per RV even if rate-matching is performed in units of slots, applying the same RV within a TOT and applying a different starting bit position for each slot in the TOT can be considered. An example of this method is shown in Figure 2.(c). In this example, coded bits represented as pink line is transmitted in the first slot in the TOT, and coded bits represented as red line is transmitted in the next slot.

Proposal 2: Select one option among TOT based rate-matching and slot based rate-matching for TBoMS.
Proposal 3: RV values applied for TBoMS are cycled for each TOT.
Time domain resource allocation for TBoMS
It was agreed that the number of slots allocated for TBoMS is determined by using a row index of a TDRA. In this section, we discussed the details on slot number indication for TBoMS.
A straightforward way for determining the number of slots constituting TBoMS is to introduce a new field to the TDRA list and to indicate the number of slots of TBoMS through the new field. In this case, it should be further discussed whether the indicated value represents the number of consecutive physical slots or the number of available slots.
Alternatively, the number of TOTs constituting the TBoMS can be indicated through the new field of the TDRA list. In this case, the total number of slots constituting the TBoMS varies according to the slot length of TOT.
Assuming repetition is not applied for TBoMS, it can be considered to interpret the repetition number existing in the TDRA field as the number of slots or TOTs constituting TBoMS instead of adding a new field to the TDRA list.

Proposal 4: Discuss following options for slot number determination of TBoMS.
· Option 1. The number of slots for TBoMS is indicated by TDRA field.
· Option 2. The number of TOTs for TBoMS is indicated by TDRA field.
Proposal 5: If repetition is not applied to TBoMS, repetition number in TDRA field can be used to indicate the number of slots or TOTs for TBoMS.

Transport block size determination
It was determined that TB size of TBoMS is obtained based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1. In other words, Ninfo for TBoMS PUSCH is obtained as  where NRE means the number of REs within the first L symbols allocated for TBoMS by TDRA. 
The remained issue for determining the TB size is the definition of the scaling factor K, and for this, we propose to consider the following alternatives:
· Alternative 1: K is the number of slots consisting a TOT.
· Alternative 2: K is indicated independently of the number of slots consisting the TOT/TBoMS.
As discussed in Section 2, the TB size and the unit of rate-matching are closely related. If the rate-matching unit is determined too short compared to the scaling factor that determines the TB size, some part of coded bits may not be transmitted. Considering this problem, as in Alternative 1, it may be appropriate that K is determined according to the number of slots constituting the TOT. However, during a TBoMS transmission, the number of slots constituting the TOT can be different for each TOT in the TBoMS. In this case, the reference TOT applied for TB size determination needs to be defined. For example, the number of slots constituting the first TOT can be used as the scaling factor K.
On the other hand, as stated in alternative 2, it can be considered that the scaling factor K is explicitly indicated by the network. This alternative is more suitable for a case that determining the value of the scaling factor based on the reference TOT is inappropriate when each TOT for single TBoMS has the different slot length due to a large TBoMS transmission. Also, this method may be helpful in terms of providing the network with flexibility in determining the scaling factor.
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Proposal 6: Discuss following alternatives for the scaling factor K for TB size determination.
· Alternative 1: K is the number of slots consisting a TOT.
· Alternative 2: K is indicated independently of the number of slots consisting the TOT/TBoMS.

Conclusion
In this contribution, we provide our view on mechanism to support TB processing over multi-slot PUSCH. From the discussion, we obtained following proposals.

Proposal 1: Define the maximum number of slots constituting a TOT.
Proposal 2: Select one option among TOT based rate-matching and slot based rate-matching for TBoMS.
Proposal 3: RV values applied for TBoMS are cycled for each TOT.
Proposal 4: Discuss following options for slot number determination of TBoMS.
· Option 1. The number of slots for TBoMS is indicated by TDRA field.
· Option 2. The number of TOTs for TBoMS is indicated by TDRA field.
Proposal 5: If repetition is not applied to TBoMS, repetition number in TDRA field can be used to indicate the number of slots or TOTs for TBoMS.
Proposal 6: Discuss following alternatives for the scaling factor K for TB size determination.
· Alternative 1: K is the number of slots consisting a TOT.
· Alternative 2: K is indicated independently of the number of slots consisting the TOT/TBoMS.

Reference
[1] RAN1 Chair’s Notes, RAN1 #105-e, e-Meeting, May 10th – 27th, 2021

Agreement in RAN1#105b-e meeting [1]
	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:
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.

Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
FFS: details.

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 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.
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