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Introduction
In the last RAN1 meeting (R1-104e) supporting TBoMS over consecutive and nonconsecutive slots was debated extensively and the following agreement was made:
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
In the upcoming meeting, we hope to converge on some basic aspects of TBoMS such as transmission occasion, TDRA, interaction with repetition and RV cycling framework so that we can decide on how/whether to support TBoMS across nonconsecutive slots.
Before getting into the details on TBoMS design, we present a quick recap of the motivation behind TBoMS since this has influence on some of our design prioritization.
TBoMS is primarily motivated by a desire to prevent/reduce segmentation of small payloads in uplink. This is illustrated in Figure 1 where a small payload of size 328 bits (typical VoIP packet) is assigned to be transmitted over a narrow RB allocation across 2 slots. The allocation is small enough that this requires splitting the packet into two parts and transmitting it as 2 separate TBs. Assuming a 40 bit overhead for upper layer headers, this translates to a TB size of 204 bits (328/2 + 40). This 328 bit packet is transmitted across 2 TBs spanning a total of 4 RBs.
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[bookmark: _Ref68609770]Figure 1 Small payload transmission in legacy PUSCH transmission and TBoMS
This mode of operation has a couple of drawbacks: first, segmentation leads to increase in upper layer overhead and second, coding gains diminish as TB sizes decrease, especially when the TB sizes are less than thousand bits.
An improved mode of operation strives to keep the entire payload together and avoid segmentation while using the same amount of resources as before. In the earlier figure, this is the option presented at the bottom where the entire 328 bit payload is transmitted as a single TB over the same set of resources (with same RB allocation and MCS as before) spanning 4 slots. 
With this use case as the primary motivation, we make the following proposal:
Proposal 1: RAN1 prioritizes design considerations for TBoMS that help prevent or reduce  small payload segmentation.
In the next section we present additional considerations on TBoMS transmissions.
TBoMS Transmissions 
TDRA Aspects
How time domain resources spread across contiguous or noncontiguous slots are pooled together and used towards TBoMS forms the core aspect of this section.
Using the example presented in the previous section as a motivation, consider how a pool of resources across 4 slots may be brought together in a TDD context. In the figure below, we consider a TDD system with slot pattern DDDU. In such a setup, there are no contiguous uplink slots, and a TBoMS spanning 4 uplink slots has to necessarily pool together resources that are noncontiguous. 
Two options emerge in such a scenario, as show in Figure 2. One can either pool resources across 4 uplink slots and view them as a single contiguous resource of 56 symbols, and setup a contiguous PUSCH transmission going across all 4 slots or alternately, one may view resources across these 4 uplink slots as 4 segments of a single TBoMS transmission and take a modular approach to setting up the TBoMS transmission by viewing this as 4 separate segments of a TBoMS transmission. In addition, each segment can be self-contained i.e., transmission in the segment has its own RV.
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[bookmark: _Ref68609735]Figure 2 Two approaches to pooling resources across noncontiguous slots 
The modular approach is our preferred choice since it helps TBoMS coexist with several other spec features and is also implementation friendly. We elaborate further on these aspect in the subsequent sections.
Proposal 2: Prioritize a modular approach to TBoMS transmission, i.e., when resources for TBoMS span across multiple contiguous/noncontiguous slots, view resources in each slot as one self-contained segment of a longer transmission.


This leads us to the TDRA considerations that were discussed in the previous meeting. In particular, RAN1 came to the following agreement in the last meeting:
 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

Note that with TDD slot patterns such DDDU, it is important to enable TBoMS across noncontiguous slots. This necessity, along with our desire for a modular approach for TBoMS, lead us to Type A TDRA as a natural starting point for TBoMS. This is illustrated in Figure 3, where a multi-slot transmission across noncontiguous slots is configured using Type A style repetition. With the enhancements to Type A repetitions that are under consideration, this provides a rather powerful framework to reuse for TBoMS.
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[bookmark: _Ref68610779]Figure 3 Repurposing TDRA based on PUSCH Type A repetitions for TBoMS


Based on the discussion above, we make the following proposal:
Proposal 3: PUSCH repetition Type A serves as a starting point for time domain resource determination of TBoMS.
Building blocks for TBoMS
It is important to establish what constitutes a transmission occasion of a TBoMS. Transmission occasion of a regular PUSCH transmission is governed by the SLIV and the slot within which the transmission is to occur and this concept is extensively used in the current spec. Note that PUSCH repetitions are transmissions across different transmission occasions --- a transmission occasion serves as a fundamental unit upon which other frameworks are designed. PUSCH power control loops, RV cycling, etc., are also developed on top of the concept of transmissions occasions. For instance, the transmission occasion is used in determining RV for a PUSCH transmission as specified in Subclause 6.1.2.1 of TS 38.214:
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For TBoMS, two broad directions emerge, as shown in Figure 4. A transmission occasion of a TBoMS constitutes:
· Option (a): one set of contiguous resources (symbols) spanning one or more slots 
· Option (b): multiple sets of disjoint contiguous resources
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[bookmark: _Ref68611039]Figure 4 Two options for defining the transmission occasion of TBoMS
As previously stated, a modular approach to TBoMS is a desired design objective. A transmission occasion that spans across multiple noncontiguous resources (as in the case of Option (b)) deviates from this design objective and poses several challenges as discussed below:
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Figure 5 Challenges with TBoMS transmission occasions that span across nonconsecutive slots.
1. Rate-matching now spans multiple slots & requires UE to maintain encoding state across noncontiguous slots. Note that an SBPM interleaver spans the entire set of rate-matched bits, thus an interleaved bit sequence is to be transmitted across noncontiguous slots. This has significant implementation impact on rate matching, interleaving, and circular buffer management.
2. UCI multiplexing decisions impact entire transmission occasion. Consider the case where a PUCCH overlap occurs towards the end of a transmission occasion. Even though this overlap occurs in a latter slot, all earlier slots involved in the transmission are impacted. Aspects of UCI overlap may need to be resolved even prior to start of the transmission occasion and it may not be practical to plan this far ahead in time.
3. Cancellation of a few symbols impacts entire transmission occasion. Resuming transmissions in subsequent slots of a transmission occasion is challenging. A design that lets us resume transmission in subsequent slots is desired.
4. A missed DCI (for e.g., carrying ULCI) impacts transmission across the entire TO. This is a particularly important consideration for a cell-edge UE that is under challenging channel conditions.
5. UE may need to handle other intervening uplink transmissions before a PUSCH transmission is completed. This requires more complex state management and has significant UE implementation impact.
These challenges motivate us to focus on transmission occasions that only contain contiguous resources. To clarify and ensure TBoMS is supported across noncontiguous slots, we wish to restate that a TBoMS can be a series of modular transmissions. In particular, a TBoMS transmission can constitute an initial PUSCH transmission across a first transmission occasion followed by subsequent transmissions on transmission occasions that occur later in time. In other words, TBoMS transmission includes PUSCH transmissions carrying a TB over one or multiple transmission occasions. This is captured in Figure 6 where TB transmission across 4 transmission occasions is illustrated.
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[bookmark: _Ref68614615]Figure 6 A TBoMS transmission --- constitutes 4 separate segments each encapsulated by a transmission occasion. This can be viewed as 4 repetitions with RV cycling.
The existing framework for PUSCH repetition and RV cycling provides a natural path to setting up such transmissions. 
Based on the discussions and observations made in this section, we propose the following:
Proposal 4: A transmission occasion of a TBoMS transmission constitutes a set of contiguous resources (symbols) spanning one or more slots. A TBoMS transmission can constitute transmissions across one or more transmission occasions. The PUSCH repetition type A and RV cycling framework in R15/R16 is repurposed for TBoMS transmission across multiple transmission occasions. 
· FFS: limits on maximum duration of a transmission occasion of a TBoMS.
Interaction with RV Cycling
The RV cycling framework forms a core aspect of modular TBoMS transmissions. RV indices provide a clear starting point for coded bits to be transmitted in any given segment of TBoMS. Note that the choices on RV cycling impacts rate matching and interleaving.
Using transmission occasions based on Option (a), RV index for transmission can be chosen in one of two ways. One could either configure each transmission occasion with an RV index that’s used across the entire transmission occasion, or alternately, for each transmission occasion, depending on the duration of the occasion, RV index could be refreshed every time a slot boundary is crossed. These are presented as Options (a1) and (a2) in Figure 7.
[image: ]
[bookmark: _Ref68614727]Figure 7 RV cycling within and across transmission occasions of a TBoMS
Note that Option (a1) suffers from the same set of drawbacks that were identified for transmission occasions that span noncontiguous resources. For example, it can be seen that UCI multiplexing in the second slot of a transmission occasion in Figure 7 impacts transmission in the first slot and has to therefore be accommodated even prior to the start of the transmission occasion. Similar considerations were also extensively debated when PUSCH-Type-B repetitions were being specified, before finally settling on the framework for nominal and actual repetitions where RV indices are refreshed when ever slot boundaries are crossed.
We therefore make the following proposal to further discuss the merits of the two options:
Proposal 5: Depending on the duration of the transmission occasion spanning contiguous resources, RV index for a transmission within a transmission occasion is chosen based on one of the following two options:
· A single RV index is used across the entire transmission occasion.
· An updated RV index is used each time a slot boundary is crossed within a transmission occasion.

TBS Determination
TBS determination is another important aspect of TBoMS as it forms the primary basis for avoiding excessive segmentation of small payloads in uplink. In this section we present considerations on TBS determination with the preceding discussion on TDRA aspects providing background and context.
In the current spec, the following the steps are involved in determining the TB size:
1. 
UE first determines number of REs () allocated for PUSCH within a PRB: 
a) This is a function of the number of symbols and RBs allocated to PUSCH, the number of resources assigned for DMRS and an additional overhead factor.
2. A UE then determines total number of REs allocated to PUSCH (: where  denotes the total number of PRBs assigned to the UE 
3. UE then determines intermediate number of information bits : , where  is the coding rate, is the modulation order and  is the number of layers
4. Once the intermediate information bits are obtained, the TB size determination splits into two directions:
a) When  the TB size is based on a formula
b) Else, a formula-based approach is used to compute the TB size.
To let the UE take advantage of all the available resources for TBoMS and size its TB appropriately, we propose to make two changes to the above 4-step procedure. First, the number of REs per PRB identified in the first two steps are reinterpreted to mean total REs available in a single transmission occasion of a TBoMS. Second, Step 3 is altered to introduce a scale factor S, so that the intermediate information bits  is computed as where  is a scale factor taking values greater than or equal to 1.
Using this approach, for the example presented in Figure 1, it is easy to see that scaling the TB size by a factor of 2 to accommodate the entire uplink payload while using the same MCS and frequency domain resources ensures payload segmentation does not occur. With this scale factor and using RV cycling we can now see that it is indeed possible to transmit a larger size TB while cycling through different parity bits during each of the 4 repetitions. Using these observations, we make the following proposals:
Proposal 6: When determining  for TBoMS,  is the number of resource elements available in a transmission occasion of TBoMS. 
Proposal 7: When determining   for TBoMS, introduce a new scale factor to compute the intermediate number of information bits. 
FFS: permitted values for the scale factor. 
FFS: signaling aspects of the scale factor.
FFS: restrictions on when the scale factor can be used/signaled.
Note: No new TB sizes are introduced.
Further,  used in the first step is assumed to the same across an entire TBoMS transmission occasion and configured via the RRC parameter xOverhead as in Rel-15/16. This is captured in the following proposal:
Proposal 8: For TBoMS,  is assumed to be the same across an entire TBoMS transmission occasion is configured via xOverhead as in Rel-15/16.
Restriction on TBoMS
In addition to these aspects, we need to identify clear limits on when TBS scaling is applicable. For instance, it’s clear that the benefits of TBS scaling no longer apply when we need multiple codeblocks to encode a TB. In addition, as the number of allocated RBs, and MCS grow, the coding gain due to TB bundling is diminished or even non-existent. For these cases, TBS scaling brings no performance gain, but can lead to an increase in UE implementation complexity due to increase in circular buffer size. Furthermore, it is desirable to limit TBoMS transmission over a single layer transmission (similar to PUSCH repetition type A) for the coverage use case. For these reasons, it is important for us to identify clear conditions under which TBS scaling can be applied and we make the following proposal:
Proposal 9: Restrict TBoMS transmissions to TB sizes that permit single codeblock transmissions (i.e., entire TB can be encoded as a single codeblock). Furthermore, restrict TBoMS transmission to single layer transmissions.
Conclusion
Based on the discussion presented in the earlier sections, we have the following proposals.
Proposal 1: RAN1 prioritizes design considerations for TBoMS that help prevent or reduce  small payload segmentation.
Proposal 2: Prioritize a modular approach to TBoMS transmission, i.e., when resources for TBoMS span across multiple contiguous/noncontiguous slots, view resources in each slot as one self-contained segment of a longer transmission.
Proposal 3: PUSCH repetition Type A serves as a starting point for time domain resource determination of TBoMS.
Proposal 4: A transmission occasion of a TBoMS transmission constitutes a set of contiguous resources (symbols) spanning one or more slots. A TBoMS transmission can constitute transmissions across one or more transmission occasions. The PUSCH repetition type A and RV cycling framework in R15/R16 is repurposed for TBoMS transmission across multiple transmission occasions. 
· FFS: limits on maximum duration of a transmission occasion of a TBoMS.
Proposal 5: Depending on the duration of the transmission occasion spanning contiguous resources, RV index for a transmission within a transmission occasion is chosen based on one of the following two options:
· A single RV index is used across the entire transmission occasion.
· An updated RV index is used each time a slot boundary is crossed.
Proposal 6: When determining  for TBoMS,  is the number of resource elements available in a transmission occasion of TBoMS. 
Proposal 7: When determining   for TBoMS, introduce a new scale factor to compute the intermediate number of information bits. 
FFS: permitted values for the scale factor. 
FFS: signaling aspects of the scale factor.
FFS: restrictions on when the scale factor can be used/signaled.
Note: No new TB sizes are introduced.
Proposal 8: For TBoMS,  is assumed to be the same across an entire TBoMS transmission occasion is configured via xOverhead as in Rel-15/16.
Proposal 9: Restrict TBoMS transmissions to TB sizes that permit single codeblock transmissions (i.e., entire TB can be encoded as a single codeblock). Furthermore, restrict TBoMS transmission to single layer transmissions.
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Table 6.1.2.1-2: Redundancy version for PUSCH transmission

rvidindicated by the DCI rvid to be applied to n'" transmission occasion (repetition Type A) or n'
scheduling the PUSCH actual repetition (repetition Type B)
nmod4=0 nmod4=1 nmod4=2 nmod4=3
0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3
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