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Introduction
In the last RAN1 meeting (R1-104b-e), the implementation procedure of TBoMS was debated and the following agreements was made [1]:
[bookmark: _Hlk69477917]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. 

In this meeting we try to put in perspective the TBoMS implementation and try to respond to the pending aspects in the last meeting.

TB processing over multi-slot (TBoMS)
TBoMS is mainly motivated to enhance coverage by spreading the TB on multiple slots and reducing the higher layer load. Sustained scheduling of single TB belonging to cell edge UEs over multiple slots will ensure the coverage with desirable data rates.  The benefits of using TBoMS was demonstrated in many of the contributions. In this document we discuss about the pending issues on the TBoMS. 
Time domain Resource Allocation of TBoMS
In this section, we present the approach on how the time domain resources are aggregated to schedule TBoMS. In the last meeting, the discussion was based on the following proposal
For time domain resource determination for TBoMS, at least PUSCH repetition type A like TDRA is supported. 
· How to handle special slots for time domain resource determination of TBoMS, e.g., based on PUSCH repetition type A like TDRA or type B like TDRA, is to be discussed.
· Aspects to be discussed include at least: whether maximum configurable value for L is to be changed, overlap between TBoMS and SRS, other collisions (if any).
The pending issue is that how to handle the S slots. For this, we propose to include the S slot along with the following UL resources and define Transmission Occasion (TOT). TOT is a set of UL resources used to schedule TBoMS across the slots. Thus TOT can be spread across the non-consecutive slots at least for un-paired spectrum. The valid UL symbols within TOT is defined for TBoMS. The valid symbols are defined based exclusion of the SRS, PUCCH transmitting symbols. The symbols that are carrying SRS and PUCCH are considered to be invalid for TBoMS transmission.
The start of the time domain allocation for TBoMS is conveyed on DCI/RRC messaging. DCI provides the offset which conveys the starting symbol (or slot) for the TBoMS. RRC message convey the duration over which TOT is defined for TBoMS. The valid symbols for TBoMS in the considered slots are grouped to form a TOT as shown in the Fig 1. TOT is defined across multi non-consecutive slots atleast for un-paired spectrum as presented in the figure for the cases of DDDSUDDSUU and DDDU slot configuration in TDD.
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Fig 1. TDRA for TBoMS with DDDSUDDSUU and DDDSU respectively

Proposal 1: UL symbols in the special slots to be used for TBoMS jointly with the following U slots and form TOT.
Proposal 2: TOT is defined to span across multiple slots. TOT can span over non-consecutive slots at least for un-paired spectrum.

Calculation of TBS
In the last meeting, it is agreed to select one of the two approaches.
•	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
TBS is determined based on the MCS, number of schedulable REs in PRB and the number of PRB in frequency domain in a slot. However, in case of TBoMS when calculating the RE number, REs in all the symbols over multi-slot need to be counted as illustrated in approach 1, excluding DMRS and overhead configured by higher layer. This approach of considering all the possible REs across slots will be suitable approach for non-uniform TDRA. The time domain resources cannot be expected to be uniform across the slots in un-paired spectrum because of the presence of special slots. Defining K and following approach 2 will only be suitable for Type A like TDRA as it assumes same number of REs in each slot. As explained in some scenarios where we see different set of REs for each slot, approach 1 seems to be more practical. NohPRB is assumed to be the same for all the slots over which the TOT transmission is allocated and can be configured by xOverhead as in Rel-15/16.
Proposal 3: TBS is calculated using the total number of REs across the symbols on which TBoMS is defined. 
Implementation issues of TBoMS
Transmission Occasion (TOT) as defined earlier is spread across multiple UL slots including the UL resources in the special slots. In TBoMS operation, each TB is transmitted over one TOT. Thus the TBoMS operation is carried out in terms of TOT units. Each TBoMS is associated with one TOT which can span across multiple non-consecutive slots as shown in the Fig 2 for un-paired spectrum. The valid symbols within TOT are considered for TBoMS and the encoded TB is spread across those symbols in TOT by changing the RV after each invalid symbol in the TBoMS transmission. In the process of determining valid symbols of PUSCH for TBoMS, we come across the non PUSCH transmissions like SRS, PUCCH and occurrence of slot boundaries which are considered as invalid for PUSCH transmission in the TOT. RV index is changed in the order after each slot boundary or at the jump between the non-contiguous resources as shown in Fig 3. This approach has minimal impacts on the existing specs. Moreover it will be easier for UE to follow the segmented approach for transmission. The complications of handling the residual bits of same RV for a valid PUSCH transmission immediately after an invalid PUSCH transmission makes the single RV approach least preferable from implementation perspective. It is always recommended to have independent transmissions if there is interruption caused by the invalid symbols. The symbols that are valid for TBoMS within the TOT are considered based RRC messages. RV cycling can also provide the possibility for BS to have the early termination on data decoding compared to single RV approach.
Simulations are conducted to check the performance between the RV cycling and single RV based approaches. In single RV based approach, encoded data is rate-matched to fit across all the REs of defined TBoMS whereas in RV cycling approach, multiple RVs are changed in the order of {0, 2, 3, and 1} for each slot. The results are presented in Fig 4 and the simulation configuration setup in Table 1. In this setup, we consider 30 PRBs in each slot allocated on same set of subcarriers across all slots for TBoMS. The calculation of TBS is based on all the available REs across the slots. RV cycling and single RV spreading options are evaluated by considering 2, 3 and 4 slots in the present simulation. The TBS and TDRA are chosen to meet the minimum data rate requirement of 1 Mbps for UL. From the simulation results, it can be observed that there is no significant difference in the performance between RV cycling and single RV based transmission. We further show the benefits of using the resources of special slot along with the UL slots. Fig 5 presents the simulation results by considering one special slot along with the considered UL slots. In the simulation, we evaluate the special slot with 4 and 7 OFDM symbols for UL. It is evident that more the resources in special slot better the performance because of the extra resources.
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Fig 2: Single TOTs used for TBoMS.
Proposal 4: Support Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs, e.g., after each slot boundary or at every jump between two non-contiguous resources.
Proposal 5: No repetitions for TBoMS.
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Fig 3. RV cycling across the transmission of TBoMS

Table 1: Simulation assumptions
	Simulation parameter
	Value

	Antenna configuration
	1TX*1RX

	Channel model
	TDL-C (300ns)

	Carrier frequency
	700MHz

	Doppler spread
	30Hz

	Modulation order
	QPSK

	Channel estimation
	Ideal channel

	Cross-SF channel estimation
	NA

	Allocated physical resources in each slot
	30 PRB

	No of slots
	1, 2, 3, 4

	TBS
	3368
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Fig 4. BLER vs SNR for RV cycling vs single RV based TBoMS
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Fig. 5. BLER performance with 1 special slot for TBoMS
3. Conclusions
In this report, we discuss the mechanism of the operation for TB over multi-slot. The following proposals are made:
Proposal 1: UL symbols in the special slots to be used for TBoMS jointly with the following U slots and form TOT.
Proposal 2: TOT is defined to span across multiple slots. TOT can span over non-consecutive slots at least for un-paired spectrum.
Proposal 3: TBS is calculated using the total number of REs across the symbols on which TBoMS is defined. 
Proposal 4: Support Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs, e.g., after each slot boundary or at every jump between two non-contiguous resources.
Proposal 5: No repetitions for TBoMS.
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