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1. [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Introduction
In the R16 URLLC SI phase, Option 4 was proposed as a candidate solution for PUSCH enhancements which is listed below [1],
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.
· The number of the repetitions signaled 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
· 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. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.

In RAN1 #96bis [2], following agreements were further achieved, 
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 both option 4 and 6, frequency hopping is supported
· FFS details
In RAN1 #97 meeting [3], option 4 was adopted for PUSCH enhancements, related agreements are listed below,
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

In this contribution, we provide detailed discussion on the remaining issues of Option 4 including the interpretation of K*L, the interaction with DL/UL directions, the indication of K and the orphan symbol issue. 
2. Discussion
2.1 Definition of L and K
One remaining issue regarding option 4 is the definition of L and K. There are two alternatives listed below [4],
· Alt 1: L*K represents the nominal number of symbols, i.e. the time window within which valid UL symbols are used for transmission
· Alt 2: L*K represents the total number of actual symbols for UL transmission (i.e. postpone in case of DL slots/symbols) 
For a dynamic scheduled PUSCH, the performance difference between Alt 1 and Alt 2 is negligible since gNB keeps control of both L and K in the scheduling DCI. The parameters can be adjusted with different DL/UL configurations. However, this difference is noticeable in case of CG-PUSCH.
For CG-PUSCH, Alt 2 can guarantee the reliability because the same amount of UL symbols are transmitted. Nevertheless, the postponed transmission may exceed the latency boundary and/or the CG configuration periodicity. On the other hand, Alt 1 can guarantee the transmission boundary and the reliability can be guaranteed as well if the CG configuration is determined based on the worst scenario, e.g., the period with the fewest UL symbols, considering the periodicity of the CG configuration and the periodicity of the DL/UL configuration may be different.
[bookmark: OLE_LINK10][bookmark: OLE_LINK13]In addition, another issue regarding Alt 2 was mentioned in [5], whether DMRS and orphan symbols should be counted into the total number of actual PUSCH symbols. If Alt 2 is adopted, this issue needs to be further clarified as well which brings extra specification work. 
Based on the above analysis, Alt 1 is slightly preferred. 
Proposal 1: K*L represents a nominal time window within which valid UL symbols can be used for PUSCH transmission.  
2.2 Interaction with DL/UL directions
Another remaining issue is the detailed interaction with the procedure of UL/DL direction determination. The valid symbols for PUSCH should be determined based on semi-static configurations due to the reliability of dynamic SFI cannot be always guaranteed. Whether semi-static configured flexible symbols can be used for PUSCH transmission can be FFS. In case of semi-static configured flexible symbols are not valid for PUSCH transmission, the valid UL symbols may be quite limited. On the other hand, in case of semi-static configured flexible symbols are valid for PUSCH transmission, PUSCH conflicts with dynamic SFI cannot be avoided.
Proposal 2: Valid symbols for PUSCH transmission in Option 4 are determined based on semi-static DL/UL configurations. The following two alternatives can be further considered,
	Alt 1: Only semi-static configured UL symbols are valid for PUSCH transmission.
	Alt 2: Both semi-static configured flexible and UL symbols are valid for PUSCH transmission.
If both semi-static configured flexible and UL symbols are valid for PUSCH transmission, dealing with DL/UL conflicts should follow the rules of Rel-15. Dynamic scheduled PUSCH is not expected to have conflicts with dynamic SFI. The same rule applies to the first PUSCH of type-2 CG-PUSCH. For type-1 CG-PUSCH and type-2 CG-PUSCH except the first PUSCH, UE will stop a PUSCH repetition if there is a DL/UL conflicts with dynamic SFI.
[bookmark: OLE_LINK2][bookmark: OLE_LINK14]Proposal 3: Dynamic scheduled PUSCH and the first PUSCH of type-2 CG-PUSCH are not expected to have DL/UL conflicts with dynamic SFI. 
[bookmark: OLE_LINK32]Proposal 4: For type 1 CG PUSCH and type-2 CG-PUSCH except the first PUSCH, UE will stop a PUSCH repetition if there is a DL/UL conflict with dynamic SFI. 
2.3 Indication of K
In RAN1 #96bis meeting, it was agreed that dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements [2]. There is a remaining issue about the dynamic indication. For the indication signalling, it is recommended to introduce a new field in the UL DCI to indicate the nominal number of repetitions. Although the nominal number joint encoding with TDRA may reduce the overall DCI bits, it brings restrictions on the scheduling as well. Another drawback of the joint encoding mechanism is the increased RRC signalling. No more than 4 candidates of the nominal number are expected to be indicated in the DCI. Individual indication of the nominal number requires 2 bits, the nominal number joint encoding with TDRA may reduce at most 1 bit with the cost of the reduced scheduling flexibility as well as the increased RRC signalling overhead. The dynamic indication can be applied to the DCI format scheduling Rel-16 UL URLLC and the mechanism can be enabled/disabled by RRC signalling. Regarding type 2 configured grant PUSCH activating, the same handling as dynamic PUSCH is recommended. 
Proposal 5: For option 4, introduce a new field in the DCI format scheduling Rel-16 UL URLLC to indicate the nominal number of repetitions for a dynamic scheduled PUSCH and a type 2 configured grant PUSCH activating. The dynamic indication can be enabled/disabled by RRC signalling.
[bookmark: OLE_LINK5][bookmark: OLE_LINK15]2.4 Orphan symbol issue
When a nominal repetition is split into multiple actual repetitions due to segmentation at the slot/UL period boundary, there may be only one symbol in a repetition. DMRS is always transmitted at the beginning of each actual repetition and the data may not be transmitted at all. In such a case, it does not make sense just to transmit the DMRS if the data cannot be transmitted. The simplest solution is to drop the repetition, however, it may lead to performance lost in case when the repetition can be combined with an adjacent actual repetition. Orphan symbol can not only happen at the end of UL period (e.g., slot boundary) but also happen at the beginning of a UL period as shown in Figure 1. 

[bookmark: _GoBack]
Figure 1
The issue of orphan symbol can be avoided to a large extent in dynamic scheduling, however, it can hardly be avoided in CG-PUSCH. Combing the orphan symbol with an adjacent actual repetition can help increase the reliability of PUSCH compared with dropping. 
Proposal 6: When a nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, DMRS is transmitted at the beginning of each actual repetition. When there is only one symbol in the repetition, the repetition can be either dropped or combined with an adjacent repetition.
3. Conclusion
In this contribution, we present our views on the PUSCH enhancements, based on the above discussion, we have the following proposals:
Proposal 1: K*L represents a nominal time window within which valid UL symbols can be used for PUSCH transmission.
Proposal 2: Valid symbols for PUSCH transmission in Option 4 are determined based on semi-static DL/UL configurations. The following two alternatives can be further considered,
	Alt 1: Only semi-static configured UL symbols are valid for PUSCH transmission.
	Alt 2: Both semi-static configured flexible and UL symbols are valid for PUSCH transmission.
Proposal 3: Dynamic scheduled PUSCH and the first PUSCH of type-2 CG-PUSCH are not expected to have DL/UL conflicts with dynamic SFI. 
Proposal 4: For type 1 CG PUSCH and type-2 CG-PUSCH except the first PUSCH,, UE will stop a PUSCH repetition if there is a DL/UL conflicts with dynamic SFI. 
Proposal 5: For option 4, introduce a new field in the DCI format scheduling Rel-16 UL URLLC to indicate the nominal number of repetitions for a dynamic scheduled PUSCH and a type 2 configured grant PUSCH activating. The dynamic indication can be enabled/disabled by RRC signalling.
Proposal 6: When a nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, DMRS is transmitted at the beginning of each actual repetition. When there is only one symbol in the repetition, the repetition can be either dropped or combined with an adjacent repetition.
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