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Introduction
Following the conclusion of RAN1-103e and RAN-90e meetings, the following enhancement to PUSCH was agreed to be specified as part of the coverage enhancements WID in RP-202928:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
In this document we present our proposals on the above enhancement.
Multi-Slot TB Transmissions
In Rel-15/16, according to section 6.1.4.2 and 5.1.3.2 of TS38.214, TBS is determined based on the scheduled modulation order , coding rate , number of MIMO layers  and number of available REs in the scheduled slot (denoted by ). To deliver a packet to the gNB, the UE may be scheduled with higher MCS and less resource if channel condition is good or lower MCS and larger resource if the channel condition is bad. For UE at cell-edge, larger resource allocation does not seem to be an ideal option due to the limited power budget. Thus, cell-edge UEs are most likely to engage in narrow band transmissions with low MCS (QPSK and lower coding rate). Such a configuration can often require the UE to divide a higher-layer packet into multiple segments and transmit the packets over multiple small TBs in multiple UL grants.
As illustrated in the figure below, if a UE has a packet with 1280 bits (e.g., a video call), the UE may transmit the packet in one slot using 16RBs or divide it into 4 parts each with 320 bits and transmit them in 4 slots using 4RBs to have better coverage. 



[bookmark: _Ref61438122][bookmark: _Ref61438116]Figure 1 Illustration for TB segmentation and TBS scaling/optimization.

Another example would be VoIP service in which UE needs to deliver 328 bits per 20ms. UE may transmit it in one slot with 4RBs or divide it into 4 parts each with 82 bits and transmit them in 4 slots using 1RB/slot to have better coverage.
While the second option is clearly the better choice for a cell-edge UE, the segmentation of the original packet incurs two kinds of penalties --- (a) upper-layer headers get appended to each segment, thereby increasing the total number of bits to transmit and (b) coding gain tends to decrease as the block size decreases, i.e., it is not very power efficient to transmit multiple TBs of a few 100 bits as opposed to a single TB of size 1000 bits. 
To overcome these issues, and to let a cell-edge UE enjoy all the gains of being able to transmit a packet over multiple slots without excessive segmentation, a simple bundling of multiple slots by appropriately scaling the TB size so that the entire payload can be encoded as a single TB is proposed. Using this approach, the UE may be scheduled to transmit a larger TBS (without segmentation) using the REs across multiple slots. Since more parity bits would be transmitted for a larger TBS, it can be expected that the MCL could be improved with larger coding gain. This option can be applied to both eMBB and VoNR services. 
To enable a UE to transmit over multiple slots without unnecessary segmentation, we propose to reuse the repetition and RV cycling framework that is already existing the current spec.  Using the example provided in Figure 14, to accomplish transmitting all 1280 bits in a single transmission, consider scheduling the UE with PUSCH with 4 repetitions and 4 RBs. Also assume RV cycling is enabled for this allocation. This is illustrated in Figure 2.
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[bookmark: _Ref61440080]Figure 2 PUSCH configuration for TB size scaling. For the example above, we have 4 RBs allocated per slot.
This provides the UE with a total of 16 RBs spread out over 4 slots. Currently, the UE determines its TB size based on the resources assigned to it for the first slot, i.e., uses 4 RBs as the resource allocation. To now replicate a 16 RB assignment in a single slot, we need to let the UE scale its TB size to account for all the 16 RBs that are available to it. To accomplish this, we examine the steps involved in how a UE determines 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 16 RBs and size its TB appropriately, we propose to alter Step 3 and 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 discussed above, we can now scale the TBS by a factor of 4 to account for all the resources available to this UE and the UE can encode all the 1280 bits in a joint manner. The circular buffer after encoding looks as represented in the figure below:
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Figure 4 Circular buffer after encoding 1280 information bits using BG2.

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 1: Support multi-slot TB transmission using TB scaling with repetitions and RV cycling. Introduce a new scale factor that can be used to increase the TB size when determining TB size for PUSCH transmission.
· FFS: permitted values for the scale factor. 
· FFS: Signaling aspects of the scale factor.

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. 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 2: Identify constraints or conditions under which TBS scaling can be used. Constraints may include limits on RB allocation, number of layers, TB size, number of codeblocks, etc.
Conclusion
Based on the discussion presented in the earlier sections, we have the following proposals.
Proposal 1: Support multi-slot TB transmission using TB scaling with repetitions and RV cycling. Introduce a new scale factor that can be used to increase the TB size when determining TB size for PUSCH transmission.
· FFS: permitted values for the scale factor. 
· FFS: Signaling aspects of the scale factor.
Proposal 2: Identify constraints or conditions under which TBS scaling can be used. Constraints may include limits on RB allocation, MCS, number of layers, TB size, number of code blocks, etc.
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