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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 in RAN#90-e [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
Type A and Type B PUSCH repetition are supported by NR system. Two repetition schemes have different mechanism to determinate time domain resource. Type A PUSCH repetitions occupy the same symbols in each slots, while multiple nominal repetitions in Type B PUSCH repetition occupy consecutive symbols, and segments into actual repetitions over invalid UL slots and slot boundary. In both Type A and Type B PUSCH repetition, each (actual) repetition contains all the information of a TB, although the actual code rate in each actual repetition may be different for Type B PUSCH repetition. For the method that TB processing over multi-slot, the information of a TB can span over multiple slots. This paper discusses several key aspects to support this method of TB over multi-slot.  
Time domain resource allocation
Both Type A and Type B PUSCH repetition use TDRA table to indicate time domain resource allocation, in which slot, starting symbol, and the number of symbols of one repetition are indicated. In Rel-16, repetition number can also be configured in TDRA table. For TB over multi-slot, there are two options:
· [bookmark: _GoBack]Option 1: Indicating number of slot or repetition for one TB based on Type A and/or Type B PUSCH 
With this method, UE can determinate the time domain resource, i.e., symbol(s), based on existing method. Additionally, number of slots (or repetitions) occupied by one TB can be indicated to UE. Shown as Figure 1, time domain resource is indicated by TDRA field in DCI as starting symbol S, number of symbols L in Slot n. In addition, 2 slots/repetition is used to transmit one TB. For Type A repetition, PUSCH occupies L symbols starting from symbol S in Slot n and Slot n+1. 2L symbols are used to transmit one TB. On top of it, repetition can be further configured, which occupies same symbols in Slot n+2 and Slot n+3.  Similarly for Type B PUSCH repetition, UE can determinate occupied symbols in each slot, and span one TB over multiple slots/repetitions. 
This method can be supported based on current Type A and Type B repetition. An extra parameter for the number of slot or repetition for on TB needs to be configured additionally. Repetition of a TB can be additional supported, to balance the decoding latency and performance. The benefit of this method is that, the new scheme of TB over multi-slot can better coexistence with PUSCH scheduled by Type A or Type B PUSCH repetition. gNB scheduler can be reused, and it is also easy for UE to reuse current scheme as much as possible. 


Figure 1
· Option 2: Directly indicating a number of symbol L that can be larger than 14
NB-IoT system also support one TB transmit over multiple subframes. The starting subframe and the number of subframes is directly indicated to UE. Different from NB-IoT, in NR, one transmission can only occupy several symbols in a slot. Beside the starting slot, the starting symbols and number of symbols needs to be indicated. Supporting the number of symbol L >14 was discussed in Rel-16 URLLC when designing Type B PUSCH repetition. To support TB transmit over multi-slot, we can directly extend the range of symbol number L, shown as Figure 2. To reduce the transmission latency, consecutive valid uplink symbols can be used. Different from Type B PUSCH repetition, one repetition can mapping cross the slot boundary and invalid uplink symbols.  To support low code rate and decent TBS, which can avoid unnecessary RLC segmentation, the total number of symbols occupied in time domain might be large. In order to reduce the overhead, a symbol group can be used for time domain resource allocation. 
In addition, similar as Option 1, repetition can be supported for TB over multi-slot. 


Figure 2
Proposal 1: Further study the time domain resource allocation methods for TB over multi-slot, at least including:
· Option 1: Indicating number of slot or repetition for one TB based on Type A and/or Type B PUSCH
·  Number of occupied repetition/slots can be configured.
· Option 2: Directly indicating a number of symbol L that can be larger than 14. 
· A symbols group can be considered 
Proposal 2: Repetition is supported for TB over multi-slot. 
DMRS location 
DMRS location is determinated based on the starting symbol of a slot or PUSCH. For Type B PUSCH repetition, the DMRS is inserted per actual repetition. For Type A PUSCH repetition scheme supported by Option 1, current two DMRS type can be reused. For Type B PUSCH repetition like scheme supported by Option 1 or new resource allocation method as Option 2, time domain location of DMRS can be determianted per PUSCH repetition (per TB), or per slot. On the other hand, the support of joint channel estimation over multiple transmissions/slots also need to be considered.
Proposal 3: Further study the following method for time domain location of DMRS considering the joint channel estimation over multi-slot and transmissions:
· DMRS time domain location is determinted per PUSCH transmission
· DMRS time domain location is determinated per slot
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 4: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 
TBS determination
For PUSCH, TBS is determinated based on the code rate, modulation order, RE number in a slot and the number of PRB in frequency domain. Similarly, the number of TBS can also determinated based on the total number of REs, code rate and modulation. However, when calculating the RE number, REs in all the symbols over multi-slot need to be counted, excluding DMRS and overhead configured by high layer. In Rel-15/16,   represents the overhead within a PRB. Therefore, when calculating the total RE over multi-slot, the overhead of all the slots needs to be used. Besides, there is no motivation to increase the max TBS supported by UE. the purpose of TBS over multiple slot is mainly for getting lower coding rate that better perfomance.
Proposal 5: TBS determination is based on all REs in all slots for the TB. Further study on how to count the higher layer configured overhead.
Proposal 6: The supported Max TBS remains unchanged.
Rate-matching and interleaver operation 
For TB over multi-slot, by normal extension from Rel-16 PUSCH, there is a possibility that the coded bits corresponding to one CB would be mapped across the resources of more than one slot. This happens if the RM operation takes as input the entire codeword for a CB, and provides the coded bits that are rate-matched over the PUSCH resources in all slots. In this case, the RM operation provides a continuous set of coded bits as output for the interleaver. The interleaver operates on the entire RM output to provide a mapping for the coded bits onto the symbols to be transmitted in all slots. Such an interleaver operation can cause impact on UCI multiplexing if such multiplexing happens on a slot other than the first slot of the affected CB. That is because RM size change on the affected slot would disrupt interleaving operation while interleaving on earlier slots may not be redone. 
This motivates the discussion on the detailed operation for interleaving and rate-matching together with RV segmentation for TB over multi-slot. One possible discussion point is to whether perform interleaving operation separately and jointly for each slot of one CB. In addition, it is also worth discussing that whether the RM output determination is a joint procedure of all slots or separately considered for each slots. The separate operation for each slot may be easier for implementation as well as operations like UCI multiplexing, but the performance by this direction also needs further check, e.g., the impact by the RM output bits segmented by different RV starting points for each slot. 
Proposal 7: Further study the operation of interleaving and rate-matching output for TB over multi-slot.
Conclusion
This paper discusses the mechanism to support TB over multi-slot. The following proposals are made:
Proposal 1: Further study the time domain resource allocation methods for TB over multi-slot, at least including:
· Option 1: Indicating number of slot or repetition for one TB based on Type A and/or Type B PUSCH
·  Number of occupied repetition/slots can be configured.
· Option 2: Directly indicating a number of symbol L that can be larger than 14. 
· A symbols group can be considered 
Proposal 2: Repetition is supported for TB over multi-slot. 
Proposal 3: Further study the following method for time domain location of DMRS considering the joint channel estimation over multi-slot and transmissions:
· DMRS time domain location is determinted per PUSCH transmission
· DMRS time domain location is determinated per slot
Proposal 4: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 
Proposal 5: TBS determination is based on all REs in all slots for the TB. Further study on how to count the higher layer configured overhead.
Proposal 6: The supported Max TBS remains unchanged.
Proposal 7: Further study the operation of interleaving and rate-matching output for TB over multi-slot.
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