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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on NR coverage enhancements was approved [1]. For PUSCH enhancement, one direction is to transmit one TB over multi-slot PUSCH, namely TBoMS:
	· Specification of PUSCH enhancements [RAN1, RAN4]
…
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 


To enable TBoMS in NR, essential issues should be tackled, including TDRA, FDRA, TBS determination, coexistence with current scheme, etc. In this contribution, we discuss these aspects on the mechanism of TB processing over multi-slot PUSCH, on the basis of RAN1#104e agreements.
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Discussion
Use case
The use cases for TBoMS have been discussed in RAN1#104e. Regarding to the application of TBoMS in unpaired and paired spectrum, the following agreement was achieved [2].
	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


It is FFS whether to support non-consecutive physical slots for UL transmission for TBoMS in unpaired spectrum. In our view, non-consecutive physical UL slots should be supported for TBoMS, due to the following reasons:
· The number of consecutive physical UL slots in unpaired spectrum is typically limited. It will be hard or even impossible to apply TBoMS to a TDD system if only consecutive UL slots are allowed for usage. 
· The gain of TBoMS does not rely on the condition of consecutive slots. For TBoMS, the dominating benefit comes from the coding gain, obtained from increasing the coding length while maintaining the narrow bandwidth and high PSD for the PUSCH [3].
Therefore, we suggest that non-consecutive physical UL slots can be used for TBoMS for unpaired spectrum in principle. 
Proposal 1: For unpaired spectrum, non-consecutive physical slots for UL transmission can be supported for TBoMS.
For pared spectrum, all UL slots are available for transmission. And for the same number of UL slots applied to TBoMS, non-consecutive UL slots will lead to larger transmission delay, but in return no particular benefit than the consecutive UL slots. There is no strong motivation to support non-consecutive physical UL slots in paired spectrum. 
Observation 1: For paired spectrum, there is no strong motivation to support non-consecutive physical UL slots for TBoMS.

Time domain resource allocation
For TDRA of TBoMS, it was agreed to take PUSCH repetition type A like or repetition type B like TDRA as the starting point [2]:
	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


Both repetition type A like and repetition type B like TDRA can achieve the goal of extending the allocated time domain resource in multiple slots. Besides, these two options have different advantages and shortages. The main pros and cons are summarized in Table 1.
[bookmark: _Ref66784973]Table 1 Pros and cons of repetition type A like and repetition type B like TDRA.
	Methods
	Repetition type A like
	Repetition type B like

	Pros
	· Simplify the TBS calculation.
· Simplify the design of PUSCH processing procedures, like collision handling or UCI multiplexing.
	· More flexible to utilize UL symbols, e.g. UL symbols in ‘S’ slots.

	Cons
	· Less flexible in utilization of UL symbols.
	· May complicate the TBS calculation
· May complicate the PUSCH processing procedures.


On the other hand, it is unnecessary to support more than one TDRA method for the same purpose, which will increase the complexity of implementation and specification of TBoMS. Also, it is unnecessary to support different TDRA methods for paired and unpaired spectrum respectively. Down-selection between the repetition type A like and repetition type B like TDRA method is preferred.
Proposal 2: Down-select the TDRA method for TBoMS from the following options:
· 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
From simplicity point of view, we slightly prefer repetition type A like TDRA method. However, if non-consecutive physical slots cannot be used for TBoMS in unpaired spectrum, we think repetition type B like TDRA method can be prioritized to utilized the UL symbols in ‘S’ slot.
Observation 2: If non-consecutive physical slots can be used for TBoMS in unpaired spectrum, repetition type A like TDRA is sufficient. Otherwise, repetition type B like TDRA can be prioritized.

TBS determination
The following agreements on TBS determination were reached [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.


For the calculation of NInfo, Approach 1 is more like a general method, which can be applied to any allocated resource pattern in time domain. However, this approach may require large modification on definitions for the parameters related to TBS calculation, since the current parameters are defined within one slot. Meanwhile, Approach 2 is more like a ‘repetition-based’ method, which is luckily in accord with repetition type A/B like TDRA method for TBoMS. Then, most of the existing definitions of parameters are not required to be modified, if a scaling parameter K is introduced.
In our view, for calculation of NInfo, both Approach 1 and Approach 2 are feasible. Since it has been agreed that repetition type A/B like TDRA method is considered for TBoMS, we slightly prefer Approach 2 to reduce the modification to the current specification.
Proposal 3: For TBoMS, NInfo is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1, where L is the number of symbols determined.
· FFS: the definition of K.
For the calculation of NohPRB, similarly, Option 2 is slightly preferred to reduce the specification modification. When calculating NohPRB, the same scaling factor K used in calculation of NInfo should be applied.
Proposal 4: For TBoMS, 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.

Limitation in the aspects other than the maximum TBS
The following agreements were reached on the limitation of TBoMS [2]: 
	Agreements:
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.


It is understood that TBoMS outperforms ‘per-slot transmission’ scheme in coverage limited case. The dominating benefit comes from the channel coding gain, obtained from increasing the LDPC coding length by multi-slot resource allocation, while maintaining the narrow bandwidth and high PSD. However, without any limitation, enabling the multi-slot resource allocation will lead to larger TBS than Rel-15/16, higher cost of UE buffer, which is not the design intention. That is why the above agreement on maximum TBS limitation was reached.
Several other aspects were also considered to be limited explicitly, including: FDRA, number of layers/ranks, MCS, code block segmentation, etc. The motivation of such restriction is to keep TBoMS within its predominance. However, network performance is a comprehensive issue. Since the gNB has more knowledge on the situation than a UE, it would be better to allow the gNB to control the transmission parameters as much as possible. Even for the link levelr performance of a particular scheduling, there will be a lot of trade-offs between coding gain, power gain, frequency selective gain, etc.
For the restrictions other than the maximum TBS, we prefer to leave them to gNB’s implementation, rather than enforcing them by specification. This will provide enough flexibility for the gNB to make proper scheduling. 
Proposal 5: For TBoMS, no restriction other than the maximum TBS is enforced by specification. 

UCI multiplexing in TBoMS
Currently NR supports multiplexing UCI in the PUSCH, with or without PUSCH repetition [4]. Strict and detailed procedures have been specified, including the timeline, rate matching, power control, resource mapping, and so on. It should be further considered whether UCI can be multiplexed in the PUSCH of TBoMS, and if so, any modification should be introduced to improve the procedure(s), as shown in Figure 1.
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[bookmark: _Ref66968431]Figure 1 UCI multiplexing in TBoMS.
One potential way is to disable multiplexing UCI in TBoMS, considering that TBoMS is typically used in the deep coverage case, and reducing RE for TBoMS will result in worse PUSCH performance. But such design may also lead to unnecessary dropping of UCI or PUSCH. Another way is to reuse the mechanism of UCI multiplexing in PUSCH repetition, which seems reasonable since it was agreed to reuse repetition type A/B PUSCH for the TDRA of TBoMS. Nevertheless, there are some inner differences between TBoMS and PUSCH repetition, like decoding granularity and TBS calculation. Further study on UCI multiplexing in TBoMS can be considered based on the outcome of TDRA.
Proposal 6: For TBoMS, further study UCI multiplexing based on the outcome of TDRA.

Conclusion
In this contribution, we provide our view on several mechanisms of TBoMS. The observations and proposals are summarized as follows:
Observation 1: For paired spectrum, there is no strong motivation to support non-consecutive physical UL slots for TBoMS.
Observation 2: If non-consecutive physical slots can be used for TBoMS in unpaired spectrum, repetition type A like TDRA is sufficient. Otherwise, repetition type B like TDRA can be prioritized.
Proposal 1: For unpaired spectrum, non-consecutive physical slots for UL transmission can be supported for TBoMS.
Proposal 2: Down-select the TDRA method for TBoMS from the following options:
· 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
Proposal 3: For TBoMS, NInfo is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1, where L is the number of symbols determined.
· FFS: the definition of K.
Proposal 4: For TBoMS, 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.
Proposal 5: For TBoMS, no restriction other than the maximum TBS is enforced by specification. 
Proposal 6: For TBoMS, further study UCI multiplexing based on the outcome of TDRA.

Reference
[1]. [bookmark: _Ref39749538]RP-202928, New WID on NR coverage enhancements, China Telecom, RAN#90e, December 7th – 11th, 2020.
[2]. [bookmark: _Ref64636111]Chairman's Notes RAN1#104-e, 3GPP TSG RAN WG1 Meeting #104-e, e-Meeting, January 25th – February 5th, 2021.
[3]. [bookmark: _Ref66720633]TR 38.830, Study on NR coverage enhancements, v1.0.0.
[4]. [bookmark: _Ref60670099]3GPP TS 38.213, Physical layer procedures for control, v16.5.0, March, 2021.
image1.png
PUSCH of
TBoMS

PUCCH





