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Introduction
In the previous RAN #83 meeting, new work item of “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved. The details can be found in [1]. For PUSCH enhancements, there are the following objectives:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1] 
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
In this contribution, we will discuss the identified PUSCH enhancements for URLLC.
Discussion
The following agreements about PUSCH enhancements for URLLC were reached in the study item of eURLLC.
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
For support of cross-slot-boundary PUSCH transmission, support at least one of the following options for one TB. More details could be found in [2].
· Option 1 (Mini-slot level repetition): One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Option 2 (Multi-segment transmission): One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· [bookmark: _Toc3475482]Option 3: N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant
· [bookmark: _Toc3475484][bookmark: OLE_LINK15]Option 4: One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The number of the repetitions signalled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH.
· [bookmark: _Toc3475485]Option 5: One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The number of the repetitions signalled by gNB represents the "nominal" number of repetitions. The actual number of repetitions can be larger or smaller than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) and the number of repetitions K are used to determine the overall resources for all the repetitions (L*K). 
· If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. 
· Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA.
· The TDRA is indicated in the DCI for dynamic grant or type 2 configured grant, or RRC configured for type 1 configured grant.
· [bookmark: _Toc3475486]Option 6:One or more PUSCH repetitions in one slot, or two or more PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table
· The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
Support of cross-slot-boundary PUSCH transmission
Mini-slot level repetition could provide lower code rate with higher reliability (if TBS is defined per mini-slot), allow shorter decoding time and make early termination possible, allow more frequency diversity and/or spatial diversity, and provide more granularity for spectral efficiency/scheduling flexibility. Considering the reliability and latency requirements of URLLC, it is proposed to at least support “mini-slot level repetition” as the solution of cross-slot-boundary PUSCH transmission.
Proposal 1: At least support “mini-slot level repetition” as the solution of cross-slot-boundary PUSCH transmission.
Transmit schemes with cross-slot-boundary PUSCH transmission
For option 1, if “orphan” symbols at the end of the slot are used as one repetition, or combined into the former repetition, the corresponding used resources are not equal to the “nominal” PUSCH. For option 2, it is very possible that allocated time domain resources are divided into unequal segments which means different number of used resources for each PUSCH repetition. The option4~6 are possible combinations of option 1 and option 2. 
Then, it is observed the actual number of used resource elements aren’t equal among the repeated PUSCH for many cases. 
Observation 1: The actual number of used resource elements aren’t equal among the repeated PUSCH for many cases.
The number of used resources for each PUSCH may impact the determination of TBS, transmit power, and the number of coded modulation symbols for UCI, and etc.
· TBS determination
According to the current specification [4], the TB size determination relates to the overhead of DMRS, the number of symbols for PUSCH, and etc.









[bookmark: _Hlk512515248]-	A UE first determines the number of REs allocated for PUSCH within a PRB  by , where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols of the PUSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 0_1 or as described for DCI format 0_0 in Subclause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 0, 6, 12, or 18), the  is assumed to be 0. For MSG3 transmission the  is always set to 0.



-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-4 as defined in Subclause 5.1.3.2
It is observed that different number of symbols,  in time domain, or different DMRS overhead in one PRB would result in different value of . Finally, the determined TB size would be different. When one UL grant schedules multiple PUSCH repetition, the time-frequency resources of these PUSCH repetition would be the same and the TB size in these PUSCH should be unique. Therefore, it is necessary to decide the reference PUSCH which is used to decide the TBS in the repeated PUSCH.
To our opinion, the first one within the repeated PUSCH can be considered as the reference PUSCH. Alternatively, the PUSCH which corresponds to the minimum value of  can be used as the reference PUSCH. Considering the reliability of PUSCH for URLLC, it is preferred the PUSCH which corresponds to the minimum value of  to get better performance.
Proposal 2: The PUSCH which corresponds to the minimum value of  is used as the reference PUSCH to decide the TB size in the PUSCH repetitions.
· PUSCH transmit power







As for the PUSCH transmit power  in occasion  on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , it is as below according to [5]:

 [dBm]
where,
-	……














-	 for  and  for  where  is provided by deltaMCS for each UL BWP  of each carrier  and serving cell . If the PUSCH transmission is over more than one layer [6, TS 38.214], .  and , for active UL BWP  of each carrier  and each serving cell , are computed as below


-	 for PUSCH with UL-SCH data and  for CSI transmission in a PUSCH without UL-SCH data, where















	-	 is a number of transmitted code blocks,  is a size for code block , and  is a number of resource elements determined as , where  is a number of symbols for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell ,  is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol , , and ,  are defined in [5, TS 38.212]



It is observed that the determination of PUSCH transmit power depends on “” which depends on the . For each PUSCH repetition, the value of  may not be equal. Then which PUSCH is used to determine the transmit power should be considered. Especially, to support DMRS sharing between the repeated PUSCH, the transmit power of these PUSCH should be the same. 
Proposal 3: Consider  is based on which PUSCH for the determination of “BPRE” when calculate the PUSCH transmit power, especially when DMRS sharing is applied.
· [bookmark: _GoBack]UCI transmission on PUSCH

As addressed in [6], for HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, is denoted as , is determined as follows:

	
where
-	……

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;
-	……
Considering the actual coding rate, allocated PUSCH resources, and etc, the value of  could be dynamically indicated in the UL grant within 4 preconfigured values in Rel.15. It is observed that actual coding rate of UL-SCH in each repeated PUSCH may be different since the available  may be different for each PUSCH. Therefore, it is proposed to consider the flexibility of  used for each PUSCH to determine the number of coded modulation symbols per layer for each UCI transmission.
Proposal 4: Consider the flexibility of  used for each PUSCH to determine the number of coded modulation symbols per layer for each UCI transmission.
Conclusion
In this contribution, we discussed details about PUSCH enhancements for URLLC. The following proposals are reached:
Proposal 1: At least support “mini-slot level repetition” as the solution of cross-slot-boundary PUSCH transmission.
Proposal 2: The PUSCH which corresponds to the minimum value of  is used as the reference PUSCH to decide the TB size in the PUSCH repetitions.
Proposal 3: Consider  is based on which PUSCH for the determination of “BPRE” when calculate the PUSCH transmit power, especially when DMRS sharing is applied.
Proposal 4: Consider the flexibility of  used for each PUSCH to determine the number of coded modulation symbols per layer for each UCI transmission.
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