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In RAN1 meeting #97, it was agreed to adopt so called “option 4 “to enable mini-slot and multi-segment repetitions for PUSCH transmission in eURLLC. The detailed agreements may be found in the Appendix.

In this contribution, we discuss additional design details such as resource determination, interaction with the procedure for UL/DL direction determination and mechanisms to avoid other important signals for option 4.  
Resource Determination for Option 4
In option 4, the DCI signals information on the first transmission to the UE and the UE uses this information to derive the resources for the first and subsequent transmissions. The SLIV for the first transmission of the PUSCH can be mapped to the start and length of the PUSCH transmission in one slot according to predefined rules in the standard specification like NR release 15. As such R15 signaling can be used to indicate the time domain resource assignment for the 1st transmission.
Proposal 1: In option 4, use R15 signaling to indicate the time domain resource assignment for the 1st transmission
In option 4, subsequent transmissions should be derived from the number of repetitions, (K), and the length of each transmission (L). In FDD transmission, this could represent consecutive symbols of total length L*K. 
However, in case of TDD transmission, L*K could represent the total number of actual symbols for UL transmission either including or excluding the DL symbols. Including the DL symbols limits the transmission time to L*K and helps with latency. However, it may impact the overall coding rate of the transmission thereby impacting the reliability negatively. Given that the transmission is controlled by the gNB and the gNB can control the values of L and K to account for the number of DL symbols and its impact on latency, L*K should represent the total number of actual symbols for PUSCH transmission excluding DL symbols for TDD.
Proposal 2: L*K represents the total number of actual symbols for PUSCH transmission for FDD and the total number of actual symbols for PUSCH transmission excluding DL symbols for TDD.
In FDD transmission, the UE uses the UL grant information of the first transmission to determine the resources for the subsequent transmissions. 
However, in TDD transmission, the UE should use a combination of the slot format structure (obtained semi-statically or dynamically) and the UL grant information of the first transmission to select the resources for the transmission. The number of the repetitions signaled by gNB represents the “nominal” number of repetitions and the actual number of repetitions can be larger than the nominal number. If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot [3]. There could be scenarios before a DL/UL switching point or slot boundary in which the number of symbols available for transmission is limited e.g. a single OFDM symbol in a transmission that requires a front loaded DMRS of one symbol. These are orphan symbols. In this case, the UE should skip the orphan symbol(s) and transmit in the next available resource.
Proposal 3: For PUSCH retransmissions, the UE skips the orphan symbol(s) and transmit in the next available uplink resource(s).
A simple example of UL cancellation in TDD is illustrated in Figure 1 where L = 4 and K = 4 and the PUSCH is configured with a front loaded DMRS of length 2. The SFI is based on Format 36 (in 38.213-Table 11.1.1-1: Slot formats for normal cyclic prefix). In the figure, the 1st transmission resource (symbol 5 to symbol 8) are signaled in the DCI. The UE transmits the next PUSCH repetition on symbol 9 to symbol 12 and skips the last two symbols of the slot as orphan symbols. The PUSCH transmission resumes in the next slot for repetition 3 (symbol 5 to symbol 8) and repetition 4 (symbol 9 to symbol 12 of slot 2). Note that the symbol after a DL symbol is skipped to allow for DL/UL switching. 
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Figure 1. Example of TDRA in option 4 
Interaction with Procedure for UL/DL direction determination
In RAN1 #97, it was agreed to adopt option 4 but with a need to further study the detailed interaction with the procedure of UL/DL direction determination. This is because with dynamic TDD enabled, there could be a scenario where there is a conflict between the UL/DL symbols signaled by the SFI (through a DCI) and that expected at the URLLC UE especially if the SFI is not transmitted with high reliability.
This mismatch could result in a catastrophic failure of the URLLC transmission. To resolve this, it has been suggested that the gNB and UE can use a configuration that is static over many slots or a static/semi-static configuration that is signaled through RRC when there is a need to perform PUSCH repetition. However, this could limit the flexibility of the gNB. A solution to maintain the flexibility of the dynamic SFI could be to include the SFI in the DCI signaling the PUSCH repetition. As there is only one DCI decoded by the UE, the reliability is identical for the all the information needed by the URLLC UE.
Proposal 4: Support mechanisms to eliminate any conflict arising from transmitting a dynamic SFI to the URLLC UE
Avoiding other important signals from other UEs. 
[bookmark: _Hlk16399726]The UE may need to avoid other important signals from other UEs and from itself during it PUSCH transmission. To avoid signals such as the SRS, PUCCH, PUSCH from the same or other UEs, the gNB could signal resources that the UE should avoid. The UE could rate match around these resources or puncture its transmission that coincides with these resources. The gNB could signal the usable resources to a specific UE or to a group of UEs. The signaling can be based on a bitfield which can be mapped to the UL repetition resources, explicitly indicating the frequency and time of the resources in RBs and OFDM symbols to be avoided. The granularity for time-frequency resources can be semi-statically configured by a higher layer. Alternatively, the signaling can be based on a resource priority that is assigned to the transmission resources and a UE can derive the resources it can transmit on based on the priority of its own transmission. 
Proposal 5: For PUSCH retransmissions, the URLLC UE uses signaling from the gNB to decide which resources need to be avoided during PUSCH repetition.
Conclusion
In this contribution, we provided our views on the PUSCH enhancement for eURLLC. Our proposals are as follows:
Proposal 1: In option 4, use R15 signaling to indicate the time domain resource assignment for the 1st transmission.
Proposal 2: L*K represents the total number of actual symbols for PUSCH transmission excluding DL symbols for TDD and the total number of actual symbols for PUSCH transmission for FDD. 
Proposal 3: For PUSCH retransmissions, the UE should skip the orphan symbol(s) and transmit in the next available uplink resource(s).
Proposal 4: NR should study mechanisms to eliminate any conflict arising from transmitting a dynamic SFI to the URLLC UE
Proposal 5: For PUSCH retransmissions, the UE uses signaling from the gNB to decide which resources need to be avoided
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Appendix
In RAN1 meeting #96bis [1], the following agreements were decided on the enhancements to PUSCH for eURLLC: 

Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details

In RAN1 meeting #97 [2], the additional agreements were decided on the enhancements to PUSCH for eURLLC
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination
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