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1. Introduction

During earlier meetings, the following agreements have been achieved on TB over multi-slot PUSCH for PUSCH coverage enhancement.
Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

Agreement

Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.
Agreement
TBoMS is supported for both configured grant and dynamic grant.
Working Assumption

Single TBoMS structure of Option 3 is selected
· 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. 

Agreement 
To calculate [image: image2.png]Ninfo



  for TBS determination, at least the scaling factor value [image: image4.png]


=N is supported, where N is the number of allocated slots for a single TBoMS.

FFS: whether further values 1<K<N are supported.

FFS: details related to the indication of [image: image6.png]


.

Note: No supporting the case K=1 for a single TBoMS.

Agreement

Repetitions of a single TBoMS are supported, where:

· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.

· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1

· Available slot determination is according to existing agreements.

· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:

· Details of time domain resource indication.

· Supported values for the number of TBoMS repetitions.

· How to indicate the number of TBoMS repetitions.

· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.

· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.

· Details of TBoMS retransmissions.

· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 
Conclusion

Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.

Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.

FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

 

Conclusion

The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.

Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.

In this contribution, we further discuss detailed schemes of TB over multiple slots.       
2. TB processing over multi-slot
2.1. Motivation for TB over multi-slot
As discussed earlier, introduction of TB over multi-slot (TBoMS) is mainly due to NR TB size determination problem in multiple slots [3], e.g., PUSCH repetition. The key problem is the TB size is only based on RE of single slot and results in unnecessary larger PRB if certain TB size have to be achieved. 
It essentially is TB size determination enhancement. The solution should directly introduce the TB size determination. Base on those considerations, we still believe TBoMS should focus on the TB size determination process. And that TB size determination is used together with TDRA indication of PUSCH repetition. We consider it can be also applicable for the enhanced PUSCH repetition type A. 
Proposal 1: In TBoMS, TB size determination over multiple slots is configured with PUSCH repetition operation.
The TB can be transmitted in the multi-slot configured in the PUSCH repetition.

The enhanced Type A PUSCH repetition is included.
2.2. Determining TB size by multi-slot
In the PUSCH TB size determination, number of RE is estimated and caped from per slot time domain resource allocation and other parameters for one PRB. Then the estimated number of RE will multiply number of PRBs and the coding rate by MCS to give the Ninfo for the TB size quantization. 
By adding a larger than 1 factor to derive Ninfo, the TB size will be then based on multiple slots. As it can be seen, this should be configured only in case the repetition is configured. If we assume the agreed K factor can be less than allocated number N of slots, then it will bring some flexibility of TB size determination.
Proposal 2: For coverage enhancement, TB size of PUSCH can be derived by a K factor（1<K<N） in case when PUSCH repetition of N and TBoMS is configured together.
The factor K can be 2, 4, 8 for determining TBS.
It is agreed that the TBoMS repetition can also be supported. Since we have already suggested to reuse the TDRA for repetition type A. Then a repetition factor M should be additionally introduced. However, we can see this may not be easily embedded into the TDRA table. Thus, another RRC parameter should be introduced.
For our point of view, it seems there are many open questions on the TBoMS repetition, we would prefer simpler rules for TBoMS repetition. The RV should be cycling around the fixed sequences. And the dropping rules could reuse Rel-15 dropping rules.
Proposal 3: The TMoMS repetition should apply fixed RV sequence cycling among different repetitions of TBoMS. The dropping rules should reuse Rel-15 rules.
3. Rate matching and bit selection

For the rate-matching of TBoMS, we have two options left: 

•
Bit interleaving is performed per slot.

•
Bit interleaving is performed over all the allocated slots for a single TBoMS.

The per slot bit interleaving is closer to the current PUSCH repetition scheme. Considering the allocated TB extended to Multiple slots, however, the bit interleaving per slot still have to take into account all the coded bits among the entire TBoMS duration.
If the bit interleaving is performed over all the allocated slots, it many have higher complexity. It due to that scheme perform over the entire resource of multiple slots.
It also has much of details to be consider. One of them is the interleaving should be still per CB segmentation.

Proposal 4: Bit interleaving performed per slot is slightly preferred.


[image: image7]
Figure1. Rate mating among multiple slots.
4. PUCCH multiplexing on TBoMS
In TBoMS, one TB transmit over multiple slots. A PUCCH would be independently configured with number of slots for transmission. If PUCCH collide with TBoMS PUSCH, it will be multiplexed into the PUSCH resource. Since 2 channels may have different number of slots. The number of slots can be determined by the existing rules of UCI over PUSCH.

In the case UCI rate-matched over TBoMS resources, it should also be determined that if the UCI rate-matching should be over the whole TOT or the first slot. For lower latency, multiplexing to the first slot would have some advantages. However, equally multiplexed in each slot will be more compatible to the PUSCH repetition schemes.
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Figure2. PUCCH multiplexing in TBoMS PUSCH.
Proposal 5: UCI is equally multiplexed into all slots of TBoMS transmission.
5. Conclusions
In this contribution, we discussed further details of techniques for PUSCH coverage enhancement with TB size over multi-slot (TBoMS). We see the need to support the scheme together with PUSCH repetition. In summary, we have the following proposals:   

Proposal 1: In TBoMS, TB size determination over multiple slots is configured with PUSCH repetition operation.
The TB can be transmitted in the multi-slot configured in the PUSCH repetition.

The enhanced Type A PUSCH repetition is included.
Proposal 2: For coverage enhancement, TB size of PUSCH can be derived by a K factor（1<K<N） in case when PUSCH repetition of N and TBoMS is configured together.

The factor K can be 2, 4, 8 for determining TBS.
Proposal 3: The TMoMS repetition should apply fixed RV sequence cycling among different repetitions of TBoMS. The dropping rules should reuse Rel-15 rules.
Proposal 4: Bit interleaving performed per slot is slightly preferred.

Proposal 5: UCI is equally multiplexed into all slots of TBoMS transmission.
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