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[bookmark: _Ref513464071]Introduction
During the RAN#90e plenary meeting, TB processing over multi-slot PUSCH was agreed to be part of the coverage enhancement WID. The following is captured in WID description [1]:
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 



In this contribution, resource allocation and retransmission aspects of TB processing over multiple slot PUSCH are discussed.
Supporting multi-slot PUSCH
During the study item phase on NR coverage enhancements, TB processing over multi-slot PUSCH was evaluated extensively. To enhance the coverage, a TB can be transmitted using a small number of RB allocation and using multiple slots. The simulation results showed a performance gain up to 2.7 dB for eMBB type of service in FR 1 [3]. At the end of the study, it was concluded to recommend the support of the multi-slot PUSCH feature. In the following sections, we will present our view on how to support the TB processing over multi-slots.
Resource allocation for multi-slot PUSCH
Enabling TB processing over multi-slot PUSCH
While the multi-slot PUSCH transmission can provide important coverage gain, especially for cell edge UEs, it may not be needed all the time. For example, if a cell edge UE moves toward the center of the cell, the gNB may decide to switch to single slot scheduling. Having only RRC configuration to change the allocation type from multi-slot to slot PUSCH transmission will add unnecessary delay. To support efficient resource utilization, RAN1 should support dynamic enabling of multi-slot PUSCH transmission. One option could be to use a bitfield in the DCI to indicate whether to transmit multi-slot or single slot PUSCH. Another option could be to use the time domain resource allocation. For example, the TDRA can be enhanced to support indicating either slot or multi-slot PUSCH transmission. 
Proposal 1: Support dynamic enabling/disabling of multi-slot PUSCH transmission.
Time Domain Resource Allocation 
To support TB processing over multi-slot PUSCH, enhancements of the existing time domain resource allocation mechanisms are needed. There are different alternatives on how to indicate the time domain resource allocation. First option could be to have RRC configuration of PUSCH-TimeDomainResourceAllocationList to include some PUSCH-TimeDomainResourceAllocation IEs with a multi-slot allocation in addition to the PUSCH-TimeDomainResourceAllocation IEs with a single slot allocation. The scheduling DCI will indicate which row to be used. A second option could be to have RRC configuration includes two lists PUSCH-TimeDomainResourceAllocationList a first PUSCH-TimeDomainResourceAllocation IEs with multi-slot allocation only and another a second PUSCH-TimeDomainResourceAllocation IEs with a single slot allocation only. A scheduling DCI will indicate which list to select from. For the first and the second options, a modified SLIV can be introduced to indicate the length of the multi-slot transmission in unit of slots instead of symbols. Another option is to indicate the number of slots for multi-slot PUSCH transmission and the same time domain allocation per slot is repeated across different slots. To have more scheduling flexibility, the DCI can indicate the number of scheduled slots. This option may require high overhead in the DCI to have a flexible number of scheduled slots indication.
Frequency Domain Resource Allocation 
It is expected that multi-slot PUSCH to be used for cell edge UEs. In most situations, the UE in cell edge operates in lower data rate mode only and it will only need small number of RBs. Consequently, frequency domain allocation can be restricted to few RBs. During the study item phase, the simulations was evaluating only small RB frequency allocation. We propose to restrict the number of PRBs allocated for multi-slot PUSCH transmission. FDRA bitfield in the DCI can be reused to indicate the multi-PUSCH transmission related parameters.
Proposal 2: Support multi-slot TB transmission if the number of PRBs is under a limit.
In addition, the number of PRBs assumed for the multi-slot transmission should be agreed. During the study item [3], the general assumption was to use smaller number of PRBs compared to normal transmission so that the following transmission-related benefits can be obtained:
· Time diversity gain by mapping one TB over multiple slots
· Power boosting gain per slot by allocating smaller number of PRBs in the frequency domain

Observation 1: Multi-slot transmission provides transmission-side gains, namely time-diversity and power boosting gain
As the number of resources consumed by the normal transmission and multi-slot transmission should be the same, the number of PRBs assumed for the multi-slot transmission must be agreed. To enable maximum flexibility of scheduling in the frequency domain and enable power boosting gain, the number of PRBs that can be assumed for the multi-slot transmission should include at least 1 PRB.
Proposal 3: At least 1 PRB is supported for the possible number of resource blocks for multi-slot TB transmission
TBS determination
As specified in TS. 38.214 [2], the number of resource elements required per slot per PRB is given by the following equation:
 					(1)
where , , ,  and  are the number of resource elements allocated for PUSCH within a PRB, number of subcarriers in the frequency domain in a PRB, number of symbols allocated for PUSCH in a slot and number of resource elements for DM-RS per PRB in the allocated PUSCH duration, and overhead configured by the higher layer, respectively. Based on the procedure in TS 38.214 and , the transport block size can be determined using the look-up table.
The overhead  indicates resources dedicated for signals or channels (e.g., SRS, PUCCH) that can potentially be mapped along with the PUSCH in the slot. Thus, when TB over multiple-slots is enabled, whether signals or channels can be multiplexed with PUSCH needs to be agreed.
Observation 2: Whether signals or channels can be scheduled in the same slot as PUSCH in the multi-slot transmission affects the value of 
Allocation of the same number of resources per slot should be assumed during the multi-slot transmission. Uneven allocation resulting in uneven protection of the transport block from sudden change in the fading channels. Moreover, even allocation of resources per slot simplifies scheduling. Therefore, in terms of the overhead allocation, the same allocation of the overhead for all slots is desirable.
[bookmark: _Hlk61700063]Proposal 4:  For multi-slot TB transmission, assume same value of  for all slots.
DM-RS 
Joint channel estimation is possible for multi-slot PUSCH transmission if the TB is mapped over contiguous slots. When the TB is scheduled over the multiple contiguous slots and multi-slot transmission is enabled, the UE can be configured to maintain power/phase continuity between slots to enable joint channel estimation which will bring further benefits on top of the inherent transmission side benefits mentioned above.
Observation 3: Joint channel estimation for multi-slot PUSCH will provide additional performance gain from the receiver side
[bookmark: _Hlk61700533]Proposal 5: Support joint channel estimation for the multi-slot PUSCH transmission
Retransmission of a multi-slot PUSCH
In some cases, a portion of a multi-slot PUSCH transmission can experience a different level of interference compared to other portions. The interference can be caused by deep fading, fast fading or other sporadic interference. In other cases, a multi-slot PUSCH transmission can be interrupted by another uplink transmission in inter-UE multiplexing scenario. For example, the gNB can schedule a higher priority transmission overlapping with part of the multi-slot PUSCH transmission. The gNB sends a cancellation indication to cancel part of the multi-slot PUSCH transmission. In another situation, the gNB can change the flexible slot/symbol(s) to DL symbol in dynamic TDD mode. For example, after scheduling the UE with multi-slot PUSCH transmission, the gNB may change some of the flexible symbols/slots to downlink symbols slots. In that case, the UE’s transmission will be interrupted.
Observation 4: Portion of the multi-slot PUSCH can be interrupted by another transmission or experience burst interference.
It can thus be beneficial to retransmit a portion of the TB that was not successfully decoded. Given the TBS is small, CBG retransmission may not be possible or efficient. To support retransmission of only portion of initially transmitted multi-slot PUSCH, the gNB can request the UE to retransmit symbols mapped to a given slot for example. The symbols mapped to a slot can be identified by an index and the gNB can request the retransmission of the symbols by indicating the slot index. Another option could be to map the information carried per each slot for example into a HARQ process. 
Proposal 6: Support enhanced retransmission mechanisms to avoid the retransmission of the entire multi-slot PUSCH. 
Conclusion
In this contribution we discuss resource allocation aspects of the multi-slot PUSCH transmission as well as enhanced retransmission schemes. The following observations and proposals are made in this contribution:
Observation 1: Multi-slot transmission provides transmission-side gains, namely time-diversity and power boosting gain
Observation 2: Whether signals or channels can be scheduled in the same slot as PUSCH in the multi-slot transmission affects the value of 
Observation 3: Joint channel estimation for multi-slot PUSCH will provide additional performance gain from the receiver side
Observation 4: Portion of the multi-slot PUSCH can be interrupted by another transmission or experience burst interference.
Proposal 1: Dynamic enabling/disabling of multi-slot PUSCH transmission is supported.
Proposal 2: Support multi-slot TB transmission if the number of PRBs is under a limit.
Proposal 3: At least 1 PRB is supported for the possible number of resource blocks for multi-slot TB transmission
Proposal 4:  For multi-slot TB transmission, assume same value of  for all slots.
Proposal 5: Support joint channel estimation for the multi-slot PUSCH transmission
Proposal 6: Support enhanced retransmission mechanisms to avoid the retransmission of the entire multi-slot PUSCH. 
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