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Introduction
[bookmark: _Hlk22834419]PUSCH was identified as the bottleneck for NR coverage. The following enhancements were agreed in Coverage enhancement WI and updated in [1] to improve coverage of PUSCH:
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



This contribution discusses the support of TB processing over multi-slot PUSCH. 
Discussion
Time domain resource allocation
The following agreement was made for repetition related issue:


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

Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· [image: image001(10-19-1(10-19-19-43-26)]
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


The above two agreements are mentioning to further limiting the combination of N*M. According the argument from last meeting, it seems proponent is concerning the dynamic switching will impact the complexity to handle the case like in retransmission, e.g., initial transmission is TBoMS and retransmission is repetition type A. However, to our understanding, this is gNB scheduling responsibility to pick the right TDRA for either TBoMS or repetition type A transmission. From a UE point of view, it just follows what gNB indicates it to do. Regarding the performance, it’s only gNB’s best expectation on selecting the TDRA configuration as well as MCS according the available CSI, the actual performance will quite dependent on real situation. So we suggest no further limitation on the combination of N*M.
Proposal 1: no further limitation on the combination of N*M.
Frequency domain resource allocation
TB over multi-slot is introduced to improve the coverage of PUSCH. Since uplink transmission is limited by transmission power, boosting the transmission power into a narrower bandwidth can help to improve coverage. On the other hand, because on TB can be transmitted over multiple slots. There is no need to occupy more frequency domain resource to achieve a lower code rate. There is no need to support more PRB in frequency domain, and single PRB might be enough. On the other hand, restricting the PRB number in frequency domain can reduce the DCI size, which is benefit for coverage of PDCCH.  
Proposal 2: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 


Rate-matching and interleaver operation 

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.


First, as have been discussed in previous meeting, the necessity to have per slot handling for interleaving is essential for implementation on utilizing TBoMS feature in coming real product. So we propose to confirm the working assumption with knowing the FFS points on UCI related issue will be separately discussed. 
Proposal 3: the above working assumption is confirmed.
For the second agreement, it is to resolve is the bit selecting start position for each slot. First, for option B and option C, the fundamental difference is that option B will include the impacts of UCI multiplexing when deciding the starting bits position for coming slots. This will raise somehow more requirements on implementation to adaptively adjusting the starting bits position. While option C will keep either UCI impacts or dropping/cancellation contained in the corresponding slot without influencing other slots. This self-contained character is favorable for implementation. In addition, it could be more robust to case like DCI missing leaded PDSCH missing, so gNB don’t need to have UCI checking  which may or may result to adjust the bit position for reception. 
Proposal 4: option C is preferred.    
One more FFS point on whether Zc matrix size alignment is needed or not. 
As we can see from following figure, with continuous bit selection, there will be no bit left out for transmission. The Zc matrix alignment will ask for an additional round operation. However, such round operation will only increase the complexity since it is neither optimization to performance nor reduction to signaling, but only additional operation. It is really lack of motivation to support it. Since RAN1 already supports single RV for TBoMS, the calculation of the bits per slot will be needed anyway. Round operation to Zc is only extra burden. 
The bit starting position for first slot in one TBoMS PUSCH is determined like legacy by RV index; and the bit starting position for continuous slots in the TBoMS PUSCH is continuous from the end of the bits from previous slot.
[image: ]
Figure 1
Proposal 5: the index of the starting coded bit for each transmitted slot is not needed to be expressed as a multiple integer of the lifting size Zc.
PUCCH vs TBoMS PUSCH
For UCI multiplexing in TBoMS PUSCH, one issue is that the timeline determination for the UCI multiplexing, optionally,
A. The timeline requirement is applied for the first slot of the TBoMS, as long as the PUCCH is overlapped with any slot of the TBoMS;
B. The timeline requirement is applied for the actual overlapped slot in the TBoMS.  
As we discussed in previous section, if the RM including the interleaving operation will still be slot based, it could be very natural to extend the current behavior as indicated in option B.
Proposal 6: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 7: The timeline requirement is applied for the actual overlapped slot in the TBoMS.

In addition, we do not believe that the discussion above requires the introduction of new UCI multiplexing behaviour in addition to legacy behaviour (e.g., rate matching, puncturing). New multiplexing behaviour ending with new UCI RE/bit patterns is not needed.
Proposal 8: Re-use only legacy UCI multiplexing behavior (rate-matching and puncturing).
Conclusion
This paper discusses the mechanism to support TB over multi-slot. The following proposals are made:
Proposal 1: no further limitation on the combination of N*M.
Proposal 2: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 
Proposal 3: the above working assumption is confirmed.
[bookmark: _GoBack]Proposal 4: option C is preferred.    
Proposal 5: the index of the starting coded bit for each transmitted slot is not needed to be expressed as a multiple integer of the lifting size Zc.
Proposal 6: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 7: The timeline requirement is applied for the actual overlapped slot in the TBoMS.
Proposal 8: Re-use only legacy UCI multiplexing behavior (rate-matching and puncturing).
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