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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

· For transmission power determination of TBoMS transmission in Rel-17, RAN1 to down-select one of the following two options:

· Option 1: The transmission power determination of TBoMS should be based on all the REs allocated in one available slot for the TBoMS transmission, excluding the overhead of reference signals

· Option 2: The transmission power determination of TBoMS should be based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.

· FFS: details on BPRE

Agreement
The number of MIMO layers (rank) for TBoMS transmission in Rel-17 is limited to 1. 

Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, at least the legacy Rel-15/16 inter-slot frequency hopping framework used in PUSCH repetition Type A is supported.

· FFS: other frequency hopping schemes.

Agreement

· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.

· FFS: supported values of N and M.
· FFS: how to enable the TBoMS transmission

· FFS: details of retransmission of TBoMS
 

Agreement

For the repetition of a single TBoMS transmission, redundancy versions (RVs) are cycled across the TBoMS repetitions. The legacy Rel-15/16 RV sequences and RV index indication are reused.

 
Conclusion
Values 1<K<N for the scaling factor to calculate N_info for TBS determination for TBoMS transmission in Rel-17 are not supported.

Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:

· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)

FFS: other values, if any.
FFS: further constraints on N*M

Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
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FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1

Agreement
BPRE for TBOMS is calculated as [image: image2.png]BPRE = )

K,/ (Nge * N),



 where N is the number of slots allocated for a single TBOMS and [image: image3.png]


 is the number of allocated REs in one allocated slot of a single TBOMS.

Note: How this equation or its equivalent is captured in the specification is left to the editor
 

Agreement
For a single TBoMS transmission and TBoMS repetitions in Rel-17, the legacy Rel-15/16 intra-slot frequency hopping framework used in PUSCH repetition Type A is supported.

· FFS: other frequency hopping schemes.

Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
 

Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.

  

Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.
  
Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed
In this contribution, we further discuss detailed schemes of TB over multiple slots.       
2. TB processing over multi-slot
2.1. RV for TBoMS repetition
It is agreed that the TBoMS repetition can also be supported. To reuse the TDRA for repetition type A indication, the repetition factor M is indicated by the configured number of slots. The N is additionally introduced into the TDRA entries. This scheme now can better fit into the type A repetition mechanism. The additional RRC parameter have quite limited change.
For our point of view, TBoMS repetition are still to be concluded for the how the type A repetition scheme can be mapped to the TBoMS level. The simpler rules for TBoMS repetition are preferred. Thus, the RV should be cycling around the fixed sequences. In the spec, the RV cycling is defined in physical number of the slot, regardless of the slot dropping rules. However, when we introduced the TBoMS, we think this is configured together with the enhanced Type A repetition scheme with the new available slot determination. In that case, RV depending on the physical slot would results in uneven coded bits covering. 
Thus, we prefer to using fixed RV sequence cycling based on the actually repetition.

Proposal 1: The TBoMS repetition should apply fixed RV sequence cycling among different actual repetitions of TBoMS.

The cycling unit is based on TBoMS instead of slot.
2.2. TBoMS repetition enabling
For TBoMS transmission in Rel-17, TBoMS transmission feature is to be enabled or disabled by configuring the number of allocated slots for a single TBoMS N value in a row of the TDRA table. The agreements does not give how the enabling can be smoothly switching by this N value.
For our views, the TBoMS transmission can be support he by N configured in the TDRA entry. This means the N values configured for each TDRA table can be used directly for procedure of TB determination. If the N is 1, so as the scaling factor, then the formula will be the same as per slot TB determination.
In terms of TBoMS rate matching and mapping procedure, it would be them also be determined by the N values of the scheduled TDRA entry. If the N is larger than 1, then the rate matching and mapping can be done per slot and among N slots.  
For other procedure like power control, it can also be depended on N values on one frameworks for both single slot operation and multi-slot operation.

Proposal 2: For Rel-17 N=1 is also supported in addition to N>1 for the TRRA table, and its TBoMS transmission feature is enabled or disabled by N.
The TB size determination, Rate matching, RE mapping, PC and others can be process based on N with one framework.
3. Rate matching

For the rate-matching of TBoMS, we have decided that bit interleaving is performed per slot. This is closer to the current PUSCH repetition scheme and with lower complexity. 
For the per-slot interleaving, we think the the bit interleaving per slot can be done sequentially.  The processing should be based on the available slots defined for enhanced repetition.
Proposal 3: Bit interleaving and selection are performed per slot and in order of physical slots, based on the available slots
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Figure1. Rate mating among multiple slots.

However, the dropping rules can be applied in some cases. In those cases, UE cannot redo the interleaving and bit selection in time. We think the bit have to be punctured. However, considering the cases ae not frequent this will not impact TBoMS performance much.
Proposal 4: Slot dropping can puncture those slots after interleaving and bit selection.
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.
In all the above procedure, it would also lead to simple assumption that UE should be able to know all the needed information before the last slot of one TBoMS. We prefer to let UE know the UCI multiplexing bit until the last TBoMS slots. 
It actually will let UE pre determine the UE in the last slot about exactly which UCI bits will be multiplexed. This will require the timeline will be depending on the multiplexing time line will postpone to TBoMS level instead of slot level. But still, same multiplexing rules can be reused.

Proposal 6: UCI multiplexing bits of coded bits is known prior to the determination of the index of the starting coded bit for all transmitted slots of TBoMS.
5. Conclusions
In this contribution, we discussed further details of techniques for PUSCH coverage enhancement with TB size over multi-slot (TBoMS). In summary, we have the following proposals:   

Proposal 1: The TBoMS repetition should apply fixed RV sequence cycling among different actual repetitions of TBoMS.

The cycling unit is based on TBoMS instead of slot.

Proposal 2: For Rel-17 N=1 is also supported in addition to N>1 for the TRRA table, and its TBoMS transmission feature is enabled or disabled by N.

The TB size determination, Rate matching, RE mapping, PC and others can be process based on N with one framework.
Proposal 3: Bit interleaving and selection are performed per slot and in order of physical slots, based on the available slots
Proposal 4: Slot dropping can puncture those slots after interleaving and bit selection.
Proposal 5: UCI is equally multiplexed into all slots of TBoMS transmission.

Proposal 6: UCI multiplexing bits of coded bits is known prior to the determination of the index of the starting coded bit for all transmitted slots of TBoMS.

6. Reference

[1] RP-202928, New WID on NR coverage enhancements, China Telecom
[2] R1-2008269, Evaluation on NR coverage performance for FR1, OPPO

[3] R1-2107257, Supporting TB over multi-slot PUSCH, OPPO
[image: image6.png]&)

[ owrs

lot

~ ~ - -

Bit selection

Rate matching

W PuscH



DMRS
UCI
PUSCH
TOT
RV




TOT
RV







