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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#97 meeting, PUSCH enhancement for URLLC are discussed. Some agreements are achieved as following [1]:

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
In this contribution, we share our views on PUSCH enhancements for URLLC.
2. Discussion on PUSCH repetitions
In this section, details for option 4 are analyzed.
2.1 Option 4
For option 4, the number of nominal transmission and the time-domain duration of the first transmission are indicated by gNB. When a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple PUSCH repetitions. This means that the number of nominal repetitions is not always equivalent to the number of actual PUSCH transmissions. The actual number of PUSCH transmission may be larger than the number of nominal transmissions. 
Option 4 has the similar advantages to option 1. For example, shorter repetition duration can achieve the less decoding latency and feedback latency. Splitting of nominal transmission is suitable to the flexible slot format. The TBS determination can base on the nominal or actual transmission and Rel-15 TBS determination mechanism can be reused. 
For option 4, some aspects need further clarify. 
· SLIV indication
· Enable and disable the dynamic indication of the nominal number of repetitions.
· How to split the nominal transmission considering the flexible slot format.
· Conflict handling with non-available symbol(s)  
· TBS determination based on the nominal or actual transmission
· Frequency hopping for PUSCH repetitions
2.1.1 SLIV indication
For option 4, SLIV of the first transmission is indicated by DCI. SLIVs of the remaining PUSCH repetitions other than the first transmission are derived by SLIV of first transmission and the corresponding available time resource for repetitions. If a nominal transmission is not split, the length of the each repetition is the same. In the case of split for a nominal transmission, the length of the each split part is less than the length of nominal transmission generally. Considering the latency requirement, the time domain duration of one transmission should be small. Therefore, L equaling to or less than 14 is enough. On the other hand, L larger than 14 requires the increased overhead for indicating SLIV. It is not necessary to support L>14. Since URLLC service character with the sporadic arrival, the transmission can occur in any symbol. If starting symbol of first transmission is near to ending symbols of a slot, S+L would be larger than 14. Thus, S+L>14 can be supported. 
Proposal 1: For SLIV indication:
· It is not necessary to support L>14.
· S+L>14 can be supported.
2.1.2 Enable and disable the dynamic indication of the nominal number of repetitions
For option 4, dynamic indicating number of the nominal repetitions in the scheduling DCI is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by gNB. Two alternatives can be observed:
· Alt 1:RRC plus DCI signaling 
· Alt 2: RRC signaling only
For Alt 1, RRC signaling can include a set of repetition numbers and a sub-set of repetition numbers can be configured by RRC signaling for a UE. 
DCI signaling can be used to enable or disable the dynamic indication. Furthermore, DCI can also indicate which sub-set is enabled. For this method, either a new field in UL scheduling DCI or a new dedicated DCI format can be considered.
For Alt 2, RRC signaling includes a set of repetition numbers and a sub-set of repetition number is configured by RRC signaling for a UE.
The field size of dynamic indication in DCI is determined based on the number of elements of the configured sub-set, e.g. sub-set size. For this method, the enabling and disabling the dynamic indication is only by RRC signaling. 
The dynamic indication field can include a case with single transmission, i.e. no repetitions. According to the dynamic indication field, the repetition transmission and a single transmission can be switched dynamically.            
Proposal 2: RRC signaling configures a sub-set of the nominal repetition number for a UE and the dynamic indication field in DCI is used to indicate the repetition number.
2.1.3 How to split the nominal transmission considering the flexible slot format
[bookmark: OLE_LINK16]For a nominal transmission, the split operation should be determined based on common understanding between gNB and UE. For different partition of a nominal transmission, the number of symbols of each actual transmission may not be the same, depending on the splitting point of the nominal transmission. Besides, a partition with the limited symbol(s) may not be applicable to an actual PUSCH transmission due to the short duration of the partition, i.e. orphan symbol(s). The orphan symbols can occur during the splitting, which influences the number of actual transmission and duration of actual transmission. Therefore, the total number of symbols of actual transmissions may not equal to the number of symbols of nominal transmission. Based on above analysis, three alternatives are proposed as follows. 
When a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is split into multiple parts for transmissions.
· Alt1: the total number of symbols of the split multiple parts (including orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt2: the total number of symbols of the split actual PUSCH transmissions (DMRS plus data symbols, excluding orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt3: the total number of data symbols of the actual PUSCH transmissions (excluding DMRS and orphan symbol) equals to the number of data symbols of the nominal transmission.
Figure 1-3 show the example for these alternatives. Whether the orphan symbols can be used for PUSCH transmission should be clarified, which influences the transmission performance. As shown in Figure 1, the split part 1 can be regarded as the orphan symbol. If CP-OFDM wave is used, PUSCH can be transmitted in the orphan symbol. Assuming DMRS occupies the half REs of the symbol and other half REs of the symbol are used for data, total 2.5 symbols can be used for data for nominal transmission 3. If the orphan symbols are not allowed for data transmission, only one symbol is left for data for nominal transmission 3. Whether to allow data transmission on the DMRS symbol leads to the quite different available resources.
Observation1: Whether to allow data transmission on orphan symbols leads to the quite different available resources.
From the specification perspective, the same principle is preferred for both CP-OFDM or DFT-S-OFDM waveforms. DMRS symbol without data transmission is assumed in this contribution. The minimum number of symbols for actual transmission is two considering one symbol carrying DMRS symbol.     
For Alt 1, the nominal transmission #3 is split into three parts. The total number of symbols for the potential transmission is the same to the nominal transmission duration. For this nominal transmission, the split part 1and split part 3 have only one symbol and are regarded as orphan symbols. These parts would not be transmitted. In this example, only one symbol is available for actual data transmission in the Tx transmission #3 due to split.
For Alt 2, the nominal transmission #3 is split into two actual PUSCH transmissions. The split part 1 is regarded as an orphan symbol, which would be dropped. The total number of symbols including DMRS and data symbols, for two actual PUSCH transmissions is the same to the number of symbols of the nominal transmission, i.e. four symbols in this example.
For Alt 3, the nominal transmission #3 is split into two actual PUSCH transmissions. The split part 1 is regarded as an orphan symbol, which would be dropped. The total number of data symbols (excluding DMRS symbols) for two actual PUSCH transmissions is the same to the number of data symbols of the nominal transmission, i.e. three symbols as in this example
Compared to Alt 2 and Alt 3, alternative 1 can provide the minimum transmission latency and the highest code rate. For alternative 3, the longest transmission latency can be observed while code rate can be maintained the same as the nominal transmission without splitting. Alternative 2 is a compromise in both latency and code rate compared to Alt 1 and Alt 3. 


Figure 1 Demonstration for Alt 1


Figure 2 Demonstration for Alt2


Figure 3 Demonstration for Alt 3
When a nominal transmission is split, it can go across some non-available DL symbols. When DL-heavy slot format is configured, the transmission latency is prolonged. Considering the URLLC service with stringent latency requirement, a nominal transmission delay should be restricted, for example, time interval between the starting symbol of the first actual transmission and ending symbol of the last actual transmission after split should be within a predefined time window. If a nominal transmission delay exceeds the predefined time window, the remaining repetition instances of the nominal transmission should be dropped. 
Proposal 3: The split actual transmissions of a nominal transmission should be confined within a predefined time window.
Proposal 4: The following three alternatives can be considered for the split of a nominal transmission:
· Alt1: the total number of symbols of all the split parts (including orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt2: the number of symbols of all the actual PUSCH transmissions (DMRS plus data symbols, excluding orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt3: the number of data symbols of all the actual PUSCH transmissions (excluding DMRS and orphan symbol) equals to the number of data symbols of the nominal transmission.
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 conflict of first transmission by selecting the suitable TDRA value. Sometimes, gNB can select the split of first transmission based on the better scheduling scheme, which is beneficial for the latency and resources utilization efficiency. Taken Figure 4 as an example, the same transmission latency is assumed. In Figure 4 (a), 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 3. In Figure 4 (b), the split of the first repetition is not allowed and the length of each nominal repetition includes 3 symbols with total 5 times repetitions. Compared to 4 DMRS symbols in scheme of Figure 4(a), the scheme in Figure 4(b) occupy more DMRS symbol (5 DMRS symbols), which leads to additional overhead and less data transmission resources, i.e., higher code rate. 


Figure 4 (a) The split of the first transmission is allowed 


Figure 4 (b) The split of the first transmission NOT allowed
Proposal 5: It should be discussed whether the 1st nominal transmission is allowed to be split.
2.1.4 Conflict handling with non-available symbol(s)   
For DG PUSCH, the SLIV of the first transmission is indicated by DCI and the SLIVs of remaining repetitions are derived by UE. When a nominal repetition runs into the non-available symbol(s), the conflict occurs. Some principles should be defined for this case. 
· Case 1: Conflict with semi-static DL symbols
· One nominal repetition is split into multiple actual repetitions within the nominal allocated resources, with one repetition in one UL period
· Case 2:Conflict with SFI-indicated DL symbols
· The priority of dynamic scheduling DCI is higher than DCI indicating SFI. Thus, at least for the first nominal transmission, it is deemed as error case when the transmission conflicts with SFI-indicated DL symbols. The SLIVs of remaining transmissions are derived by semi-static UL-DL configuration and SFI. After the determination, if UE receives a new SFI indication, the re-determination of SLIVs according to the new SFI indication make implementation complicated for both UE and gNB sides. Thus, it can be discussed whether SFI is allowed to change during repetitions. 
For case 1 and case 2, whether flexible symbols can be used for the repetition should be studied. If flexible symbols are excluded, the available UL resources would be restricted. It is not expected from system resource utilization perspective. However, the flexible symbols can be changed by dynamic SFI. If DCI 2_0 missed, misunderstanding would occur between UE and gNB. If the reliability of PDCCH carrying DCI 2_0 can reach a target requirement, e.g., 10^-6, the problem seems not serious.   
For CG PUSCH, the similar condition are observed. 
· Case 1: Conflict with semi-static DL symbols
· One nominal repetition is split into multiple actual repetitions, with one repetition in one UL period.
· Case 2:Conflict with SFI-indicated DL symbols
· One nominal repetition is split into multiple actual repetitions, with one repetition in one UL period. 
Proposal 6: For DG PUSCH conflict handling with non-available symbol(s),
· Case 1: Conflict with semi-static DL symbols
· One nominal repetition is split into multiple actual repetitions within the nominal allocated resources, with one repetition in one UL period
· Case 2:Conflict with SFI-indicated DL symbols
· At least for the first nominal transmission, it is deemed as error case when the transmission conflicts with SFI-indicated DL symbols.
For CG PUSCH conflict handling with semi-static DL symbols or SFI-indicated DL symbols ,
· One nominal repetition is split into multiple actual repetitions, with one repetition in one UL period.

2.1.5 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. The multiple TBS determination manners can be considered, for example:
· Alt 1:TBS determination is based on a nominal transmission without considering splitting
· Alt 2: TBS determination is based on the actual transmissions for each nominal transmission after splitting.    
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.  
Proposal 7: The following TBS determination methods can be considered: 
· Alt 1:TBS determination is based on a nominal transmission without considering splitting
· Alt 2: TBS determination is based on the actual transmissions for each nominal transmission after splitting.    
2.1.6 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 almost at the middle of all PUSCH repetitions. The first hop can include floor (N/2) or ceil (N/2) nominal transmissions, in which N can express 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.  
Proposal 8: 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. UL cancelation indication is under discussion in UL inter UE multiplexing section. The similar signaling design and UE behavior can be considered. The details can be found in our companion contribution [2].   
Proposal 9: 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,
Observation1: Whether to allow data transmission on orphan symbols leads to the quite different available resources.
Proposal 1: For SLIV indication:
· It is not necessary to support L>14.
· S+L>14 can be supported.
Proposal 2: RRC signaling configures a sub-set of the nominal repetition number for a UE and the dynamic indication field in DCI is used to indicate the repetition number.
Proposal 3: The split actual transmissions of a nominal transmission should be confined within a predefined time window.
Proposal 4: The following three alternatives can be considered for the split of a nominal transmission:
· Alt1: the total number of symbols of all the split parts (including orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt2: the number of symbols of all the actual PUSCH transmissions (DMRS plus data symbols, excluding orphan symbols) equals to the number of symbols of the nominal transmission.
· Alt3: the number of data symbols of all the actual PUSCH transmissions (excluding DMRS and orphan symbol) equals to the number of data symbols of the nominal transmission.
Proposal 5: It should be discussed whether the 1st nominal transmission is allowed to be split.
Proposal 6: For DG PUSCH conflict handling with non-available symbol(s),
· Case 1: Conflict with semi-static DL symbols
· [bookmark: _GoBack]One nominal repetition is split into multiple actual repetitions within the nominal allocated resources, with one repetition in one UL period
· Case 2:Conflict with SFI-indicated DL symbols
· At least for the first nominal transmission, it is deemed as error case when the transmission conflicts with SFI-indicated DL symbols.
For CG PUSCH conflict handling with semi-static DL symbols or SFI-indicated DL symbols ,
· One nominal repetition is split into multiple actual repetitions, with one repetition in one UL period.
Proposal 7: The following TBS determination methods can be considered: 
· Alt 1:TBS determination is based on a nominal transmission without considering splitting
· Alt 2: TBS determination is based on the actual transmissions for each nominal transmission after splitting.
Proposal 8: 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 9: UL cancelation indication mechanism could be used for early termination of PUSCH repetitions.
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