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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
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.

According to above agreement, the repetition of a TBoMS PUSCH is supported with multiple FFS points to be discussed.
· Details of time domain resource indication
As discussed before, the repetition indication could follow current R16 method, e.g., one column in TDRA table, and the indication of slots for one TBoMS PUSCH could be a separate column in the same TDRA table. These two parameters correspond to the “M” and “N” in  the agreement. 

· Supported values for the number of TBoMS repetitions
Given the limitation on the total number of M*N, e.g., 32, and if N could be 2 or 4, then the limitation of M could be 32/2=16; 

· How to indicate the number of TBoMS repetitions
As discussed before, the repetition indication could follow current R16 method, e.g., one column in TDRA table.

· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
It is natural to re-cycle the RV over the M groups and maintain the same RV as in N slots (of one single TBoMS).

· Details of TBoMS retransmissions.
One potential troubling part is that whether the CBG-based re-transmission is needed, since the more than 1 CB is still possible even in CovEnh case. Given the fact that for the multiple slots in one TBoMS PUSCH won’t have individual CRC for each slot and the CBs might be splitted cross slot boundary. It seems simpler to adopt TB based re-transmission only.

Thus, we have following proposal:

Proposal 1: for TBoMS PUSCH repetition:
· Two columns in TDRA table to indicate the number of slots for one TBoMS and the number of repetition of TBoMS, respectively;
· Largest number of repetition could be 16;
· Support re-cycling the RV over the M groups;
· Adopt TB based re-transmission only for TBoMS.
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. 

TBS determinationAgreement 
To calculate   for TBS determination, at least the scaling factor value =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 .
Note: No supporting the case K=1 for a single TBoMS.


During last meeting, the following agreements are concluded for TBS related aspects.
The main issue left is the number K to be determined for Ninfo. We think it might be natural to use the number of slots allocated to one TBoMS, note here that “allocated slots” are the number of slots to be actually used for the TBoMS transmission.
Proposal 3: further values 1<K<N is not needed.




TOT, Rate-matching and interleaver operation 
During last meeting, the concept of TOT for TBoMS transmission was further discussed and its potential relation with the rate matching operation was summarized in below agreements. 
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. 
Conclusion
· Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.


For single RV based operation, one issue to resolve is the bit selecting start position for each slot. As we can  see from following figure, with continuous bit selection, there will be no bit left out for transmission, and there is also no need for alignment for Zc matrix as the performance would not be impacted. And the round operation will only increase the complexity. 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: ]
[bookmark: _GoBack]Figure 1
Proposal 4: 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.
Besides, the RM operation provides the set of coded bits as output for the interleaver. The interleaver operates on the RM output to provide a mapping for the coded bits onto the symbols to be transmitted in each slot. Two possible operations for interleaving, one is interleaving among all slots, or interleaving per slot. The interleaving over all slots won’t provide any additional interleaving gain but only increase the implementation burden. It is natural to see the interleaving per slot is more aligned with current NR operation and implementation.
Pls note that the total complexity of having single RV or different RV are the same but with slot based operation, it will be much more friendly to current implementation, as well as to the UCI multiplexing which is discussed in the section 2.6. 
Proposal 5: option a (Rate-matching is performed per slot) shall be supported for TBoMS.
PUCCH vs TBoMS PUSCH
In the case that a PUCCH is overlapped with PUSCH, e.g., HARQ-ACK, the UCI will be multiplexed in PUSCH by current NR behavior instead of parallel transmission of both signals. Thus, first discussion point is whether we allow PUSCH and PUCCH to be transmitted in case the overlapping happened. 
To allow parallel transmission of PUCCH and PUSCH (which is allowed in LTE system), it matters to the power allocation at UE side. Based on current power priority rules, UE will usually prioritize the PUCCH transmission over PUSCH which results in a potential power reduction of PUSCH transmission. Considering the scenario of Coverage Enhancement, usually the UE will transmit with full power already, then PUSCH transmission will be power reduced almost for sure.  Moreover, further splitting the power for multiple channels may be not desirable as it may result that all the UL transmissions are lack of power and fail in the coverage requirement.  
Proposal 6: Parallel transmission of PUCCH and TBoMS PUSCH is not preferred due to power splitting during CE situation.
Instead, UCI multiplexing on TBoMS PUSCH could be then a more suitable choice for coverage enhancement case. To do UCI multiplexing in TBoMS PUSCH, several aspects to be considered, e.g., the REs for UCI transmission for all slots, the actual RE for UCI transmission per slot, etc. Given the PUSCH repetition type A-like TDRA is adopted, the eventually UCI coded modulated symbol number is the comparison outcome among: target UCI RE number based on repetition RE, available UCI RE number based on repetition RE. More specifically, the minimum one among these two RE numbers will be chosen. The different part for TBoMS PUSCH is, now the RE number for one TBoMS PUSCH transmission is the total number over multiple slots, instead of one single slot. 
One issue is that the timeline determination for the UCI multiplexing, namely
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 7: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 8: The timeline requirement is applied for the actual overlapped slot in the TBoMS.
Conclusion
This paper discusses the mechanism to support TB over multi-slot. The following proposals are made:
Proposal 1: for TBoMS PUSCH repetition:
· Two columns in TDRA table to indicate the number of slots for one TBoMS and the number of repetition of TBoMS, respectively;
· Largest number of repetition could be 16;
· Support re-cycling the RV over the M groups;
· Adopt TB based re-transmission only for TBoMS.
Proposal 2: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 
Proposal 3: further values 1<K<N is not needed.
Proposal 4: 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.
Proposal 5: option a (Rate-matching is performed per slot) shall be supported for TBoMS.
Proposal 6: Parallel transmission of PUCCH and TBoMS PUSCH is not preferred due to power splitting during CE situation.
Proposal 7: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 8: The timeline requirement is applied for the actual overlapped slot in the TBoMS.
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