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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98bis meeting, PUSCH enhancement for URLLC are discussed. Some agreements are achieved as following [1]:

Agreements:
· Do not support PUSCH mapping type A for Option 4.
Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)
Agreements:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.

Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.

Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG
In this contribution, we share our views on PUSCH enhancements for URLLC.
2. Discussion on PUSCH repetitions
2.1  Conflict handling with non-available symbol(s)   
· For DG PUSCH
When dynamic SFI is configured, the same understanding on the transmission direction in flexible symbols should be maintained between gNB and UEs. Confusion caused by the missed DCI carrying SFI should be avoided as far as possible. UE behavior not dependent on dynamic SFI is preferred. This solution is simple and requires the less specification effort. 
For option 1, two sub-options, i.e. option 1-1 and option 1-2, are shown in Figure 1. Compared to Option 1-1, option 1-2 leads to the lower resoruce utilizaiton efficincy due to non-available flexible symbols. Thus, option 1-1 is preferred.
Furthermore, for option 1-1b, for colliding flexible symbols, UE still can transmit PUSCH, which may lead to interference for other UEs from the same cell or neighbor cell. Thus, option 1-1a is slightly preferred, i.e. the UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window. 
[bookmark: _Ref20928395][bookmark: _Ref20928549][bookmark: _Ref23775905]Proposal 1: For DG PUSCH, if dynamic SFI is configured, option 1 is preferred, i.e. UE behavior not dependent on dynamic SFI. Furthermore, option 1-1a is preferred, i.e. the UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.  
[image: ]  
[bookmark: _Ref20919626]Figure 1 UE behavior not dependent on dynamic SFI. C: cancel.
Considered the limited time on the last meeting, it is not preferred that the UE uses SFI to determine the symbols to transmit. 
In case of a repetition not being transmitted, the repetition interpreted as the actual transmission seems more reasonable, i.e. the repetition after segmentation. Taken option 1-1 as an example, if the repetition expressing the nominal repetition, the PUSCH part 2-3 to 2-6 in the available symbols would also be dropped, which decreases the resource utilization efficiency and is not necessary. 
[bookmark: _Ref20928417]Proposal 2: In the case of a repetition not being transmitted, a repetition is interpreted as the actual transmission, i.e. repetition after segmentation due to semi-static DL symbol(s)/slot boundary.
· For CG PUSCH
In Rel-15, CG PUSCH repetitions base on dynamic SFI. This principle should be reused. The first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant should be deemed as the dynamic scheduled PUSCH. Thus, the same behavior as DG PUSCH is preferred. 
[bookmark: _Ref20928422]Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Alt 1 is preferred, i.e. same behavior as DG PUSCH.  
For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, when a repetition is interpreted as the actual transmission in the case of a repetition not being transmitted, Option 2-1 is equivalent to option 2-4. 
[bookmark: _Ref20928426][bookmark: _Ref20928624]Proposal 4: For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Option 2-1 is suggested, e.g. Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols.
In Rel-15, SSB can occupy semi-static flexible symbols indicated by higher layer parameter ssb-PositionsInBurst. When a transmission goes across these flexible symbols, these invalid symbols can be deemed as semi-static DL symbols and UE performs segmentation around these symbols.   
[bookmark: _Ref20931160][bookmark: _Ref23775927]Proposal 5: For DG and CG PUSCH, symbols occupied by SSB can be deemed as semi-static invalid symbols. segmentation around these invalid symbols
[bookmark: _Ref20235943]In Rel-15, for single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where N=2 for µ=0 or µ=1, N=4 for µ=2 or µ=3, and µ is the SCS configuration for the active UL BWP.
From our opinion, gNB scheduling should avoid the collision between PUSCH transmission and PRACH occasions. On the other hand, if collision occurs between PUSCH transmission and PRACH occasions, UE implementation is preferred. Thus, there is no need to handle the PUSCH conflict with PRACH symbols.
[bookmark: _Ref20931167]Proposal 6: There is no need to handle the PUSCH conflict with PRACH symbols.
The semi-statically configured DL reception only occupies on the semi-static flexible symbols. For dynamic PUSCH, Rel-15 principle can be used, i.e. cancel the configured DL reception when PUSCH conflict with PRACH symbols. 
For CG PUSCH, if SFI configured and received, UE can follow SFI for transmitting or receiving. If SFI is not received or not configured, UE cancels the transmission on the conflict symbols. 
[bookmark: _Ref20931174][bookmark: _Ref23775935]Proposal 7: For the handling of conflict with semi-statically configured DL reception:
· For DG PUSCH, symbols configured as DL reception can be used for UL transmissions.
· For CG PUSCH
· If SFI is configured and received, UE follows SFI to determine whether CG PUSCH is transmitted on the symbols configured semi-statically for DL reception.
· If SFI is not received, UE cancels the transmission on the symbols configured semi-statically for DL reception.
· If SFI is not configured, UE cancels the transmission on the symbols configured semi-statically for DL reception.
2.2 How to split the nominal transmission considering the flexible slot format
After segmentation, a partition with the limited symbol(s) may not be applicable for an actual PUSCH transmission due to the short transmission duration, i.e. orphan symbol(s). If CP-OFDM wave is used, PUSCH can be transmitted in the orphan symbol other than DMRS Res in orphan symbol(s). From the specification perspective, the same principle is preferred for both CP-OFDM or DFT-S-OFDM waveforms. It is slightly preferred that orphan symbols does not be used for repetitions.     
Another issue is whether the first nominal transmission can be split or not. Two options can be observed:
· Option 1: UE does not expect that the first nominal transmission is split.
· Option 2: The first nominal transmission can be split.
Generally, gNB can avoid the split of first transmission by selecting the suitable TDRA value. Sometimes, the split of first transmission can achieve a better scheduling scheme. Taken Figure 2-Figure 3 as an example, the same transmission latency is assumed. In Figure 2, the split of the first repetition is allowed, where the length of each nominal repetition includes five symbols and the total repetition number equals to two. In Figure 3, the split of the first repetition is not allowed and the length of each nominal repetition includes two symbols with total 5 times repetitions. Compared to 3 DMRS symbols in scheme of Figure 2, the scheme in Figure 3 occupies more DMRS symbols (4 DMRS symbols), which leads to additional overhead and less data transmission resources. It means the higher code rate for repetition. On the other hand, the orphan symbols is produced and leads to negative impact on resources utilization efficiency.
If additional DMRS is configured, the determination of additional DMRS location should be specified. If additional DMRS location is determined based on the nominal transmission and the nominal transmission is split, it can occur that a short repetition duration includes both the first DMRS and additional DMRS. It is not necessary. Therefore, additional DMRS location should be determined by repetitions after segmentation. 


[bookmark: _Ref20238039]Figure 2 The split of the first transmission is allowed


[bookmark: _Ref20238045]Figure 3 The split of the first transmission is NOT allowed
[bookmark: _Ref20237226]Proposal 8: It is suggested that the first nominal transmission is allowed to be split.
Proposal 9: If additional DMRS is configured, the additional DMRS location should be determined by repetitions after segmentation.
2.3 TBS determination based on the nominal or actual transmission
For option 4, TBS determination principle also need investigate because a nominal transmission may be split into multiple actual PUSCH transmissions. some TBS determination methods can be considered, for example:
· Alt 1:TBS determination bases on a nominal transmission before segmentation
· Alt 2: TBS determination bases on the actual transmissions .    
If Alt 1 is applied, the effective code rate would be high for the actual PUSCH transmission due to the additional DMRS overhead caused by the splitting.   
For Alt 2, if different splitting patterns are used for different nominal transmissions, the TBS can be determined based on the number of available data symbols of one nominal transmission after splitting, and the nominal transmission with minimum total number of available data symbols after splitting is selected for TBS determination. In Alt 2, the TBS can be determined such that the effective coding rate can be closer to the expected coding rate. 
Considering the simplicity of implementation, the Alt 1 is preferred.  
[bookmark: _Ref20237232][bookmark: _Ref23775954]Proposal 10: TBS determination is based on a nominal transmission without considering splitting.
2.4 Frequency hopping for PUSCH repetitions
Frequency hopping is an efficient way to improve reliability since it can provide frequency diversity gain. In Rel-15, inter-slot and intra-slot frequency hopping are supported for slot-based repetition transmissions. For frequency hopping for URLLC, the hopping point determination should be specified. For non-slot based PUSCH repetitions, frequency hopping within each repetition or across repetitions can be discussed, i.e., hopping point is located within a PUSCH transmission or hopping point is located at the repetition boundary. 
Considering additional DMRS overhead caused by intra-PUSCH frequency hopping, which leads to the loss of coding gain especially for the short PUSCH length. Thus, intra-PUSCH frequency hopping is not preferred. In the case of frequency hopping across repetitions, it is in some sense equivalent to intra-slot hopping for slot-based repetition transmission. The following methods can be considered for inter-PUSCH repetition hopping point determination
· Alt1: Hopping point determination bases on the number of nominal repetitions.
· Alt2: RRC configures the set of hopping points and DCI indicates the applied hopping point.
For Alt 1, the hopping point is at the almost middle of all PUSCH repetitions. The first hop can include floor (N/2) or ceil (N/2) nominal transmissions, in which N expresses the number of nominal repetitions. For N repetitions within one slot, the hopping point is determined equivalently to that for intra-slot hopping. For N repetitions across slots, the slot boundary can also be taken as the hopping point. In this case, frequency hopping is performed like inter-slot frequency hopping manner.    
For Alt 2, hopping point can be indicated flexibly by network. Resource multiplexing among UEs can be easily performed from system perspective. For this method, the additional signalling is required and new field may be introduced in DCI format.  
[bookmark: _Ref20237236][bookmark: _GoBack]Proposal 11: Inter-PUSCH repetitions hopping is supported. For hopping point determination, the following alternatives can be considered.
· Alt1: Hopping point determination bases on the number of nominal repetitions.
· Alt2: RRC configures the set of hopping points and DCI indicates the applied hopping point.
3. Early termination of PUSCH repetitions
For PUSCH repetitions, if PUSCH decoded correctly, gNB can transmits an indication to cancel remaining repetitions to reduce redundant transmission. This can improve resource utilization efficiency and reduce unnecessary interference for other UEs. UL cancelation indication mechanism can be applied for this case, e.g. gNB transmits a DCI to cancel the remaining repetition instances.   
[bookmark: _Ref20237241]Proposal 12: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
4. Conclusion
In the contribution, we have some investigations on URLLC PUSCH enhancement, and propose that,
Proposal 1: For DG PUSCH, if dynamic SFI is configured, option 1 is preferred, i.e. UE behavior not dependent on dynamic SFI. Furthermore, option 1-1a is preferred, i.e. the UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
Proposal 2: In the case of a repetition not being transmitted, a repetition is interpreted as the actual transmission, i.e. repetition after segmentation due to semi-static DL symbol(s)/slot boundary.
Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Alt 1 is preferred, i.e. same behavior as DG PUSCH.
Proposal 4: For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant, Option 2-1 is suggested, e.g. Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols.
Proposal 5: For DG and CG PUSCH, symbols occupied by SSB can be deemed as semi-static invalid symbols. segmentation around these invalid symbols.
Proposal 6: There is no need to handle the PUSCH conflict with PRACH symbols.
Proposal 7: For the handling of conflict with semi-statically configured DL reception:
· For DG PUSCH, symbols configured as DL reception can be used for UL transmissions.
· For CG PUSCH
· If SFI is configured and received, UE follows SFI to determine whether CG PUSCH is transmitted on the symbols configured semi-statically for DL reception.
· If SFI is not received, UE cancels the transmission on the symbols configured semi-statically for DL reception.
· If SFI is not configured, UE cancels the transmission on the symbols configured semi-statically for DL reception.
Proposal 8: It is suggested that the first nominal transmission is allowed to be split.
Proposal 9: If additional DMRS is configured, the additional DMRS location should be determined by repetitions after segmentation.
Proposal 10: TBS determination is based on a nominal transmission without considering splitting
Proposal 11: Inter-PUSCH repetitions hopping is supported. For hopping point determination, the following alternatives can be considered.
· Alt1: Hopping point determination bases on the number of nominal repetitions.
· Alt2: RRC configures the set of hopping points and DCI indicates the applied hopping point.
Proposal 12: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
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