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Introduction
This tdoc discusses design considerations for the following coverage enhancement objectives in the WID [2]:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots

Significant agreements from previous meetings:
[bookmark: _Hlk63096048]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

The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

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

For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. 
· FFS: Details and further constraints on the applicability of TBoMS.

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

[bookmark: _Hlk69480891]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.
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. 

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.


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.


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. 

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.

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)

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

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.

Multi-Slot Encoding 
A common solution to achieve a lower code rate for a multi-slot transmission is to encode transport blocks over multiple slots. This is especially useful for a larger TBS into smaller number of PRBs. For example, in [1] the increased code rate going from TBS=888 with 8 repeats to TBS=1800 with 16 repeats led to a decline in performance. To determine the performance of multi-slot encoding, LLS simulations were conducted with different TBS, number of repetitions, and multi-slot encoding options. For a fair comparison, all results have a data rate of 100kbps. Full simulation assumptions this paper can be found in Appendix A.
[image: ]
Figure 1: LLS Results of Multi-Slot Encoding vs. no Multi-Slot Encoding at Fdop = 2Hz

As the graph clearly shows, there is no coverage gain between TBS=888 encoded over 1 slot and TBS=1780 encoded over >=2 slots at low mobility. The gain between the black line (no multi-slot encoding, TBS=1780) and the green and red lines (with multi-slot encoding) only occurs because the code rate improved, but improving code rate can also be done by increasing the number of PRBs used for encoding (e.g. from 4 to 8). Although there is no coverage improvement using TBoMS, the amount of spectral resources needed using TBoMS was 1/2 vs normal repetition.
TBoMS provides no coverage gain over repeats but provides increased spectral efficiency.
TBoMS and RV Repetition Cycling
Whether RV cycling is supported or not is an open issue. The following related agreements have been made in previous meetings:
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. 

· 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. 

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.

Discussion of options:
Spectral Efficiency: 
As specified earlier, the main objective of TBoMS is to improve the code rate so that large TB can be sent in narrow bandwidths which improves spectral efficiency in coverage-limited cases.  Both options can equally fulfill this requirement.
Coverage Enhancement:
To support coverage enhancement, UL transmission times need to be around 8 slots to support eMBB coverage and 24 slots for TDD VoIP for FR1 case. Since option 4 supports RV repeats, TBoMS over ~2 slots would  provide adequate coverage.  Since option 3 does not easily support repeats, option 3 would need to support TBoMS over a larger number of slots (e.g. 24 slots). However, there is no foreseen complication to support TBoMS over a larger number of slots.
Specification and commercialization impact:
If option 4 is chosen, the TBS determination procedure can follow legacy repetition procedures. However, if option 4 is chosen, the RV would have to be coded across multiple TOTs especially for a DDDSU pattern where the TOT would only be 1 slot – this would increase complexity. With option 3, repeats do not need to be supported and a simple maximum number of slots to encode over can be defined. Option 4 would naturally and easily support early termination whereas option 3 would need to be encoded specifically to support that – but this should not be too difficult.

Given the above discussion, the following proposal is made:
TBoMS encoding follows option 3:
Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
Repetition is not supported with TBoMS.
FFS: Maximum number of slots 
FFS: If and how to support early termination

Conclusions
1. TBoMS provides no coverage gain over repeats but provides increased spectral efficiency.

1. TBoMS encoding follows option 3:
Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
Repetition is not supported with TBoMS.
FFS: Maximum number of slots 
FFS: If and how to support early termination
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Appendix A: LLS Simulation Assumptions:
	Parameter
	Value

	Bandwidth Part 
	20 MHz

	Configuration 
	FDD

	Carrier frequency
	700 MHz

	RX Antenna ports
	2

	Channel model
	TDL-C 300 ns

	Number of PRBs
	4

	UE Speed
	3, 30, 100 km/hr
As specified

	Carrier Frequency Offset
	None

	Channel Estimation
	Perfect

	Frequency Hopping
	Disabled

	Frequency Averaging Window
	3 PRBs

	DMRS Configuration
	2 DMRS per slot

	Transform Pre-coding
	Yes

	SCS
	15 kHz

	Modulation
	QPSK

	TBS
	As specified

	Repeats 
	As specified

	HARQ
	Disabled

	iBLER Target
	10%

	Gaps
	0, 9, 15, 31 ms
As specified

	Multi- Slots encoding 
	1,2,4
As specified
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Encoded over 1 slot, 16 repeats, TBS = 1780

Encoded over 1 slot, 8 repeats, TBS = 888

Encoded over 4 slots, 4 repeats, TBS = 1780

Encoded over 2 slots, 8 repeats, TBS = 1780


