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Introduction
In the RAN1#98bis meeting [1], the following agreements and conclusion related to Option 4 were reached.
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 further discuss the details for Option 4.
Interaction with DL/UL directions
[bookmark: OLE_LINK3]2.1. How to handle the interaction with DL/UL directions  
· If dynamic SFI is configured
Based on the conclusion in RAN1 #98 meeting [2], in terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, there are two options about UE behaviors in case of dynamic SFI configured for both DG PUSCH and CG PUSCH repetition:
· [bookmark: OLE_LINK14]Option 1: behavior not dependent on dynamic SFI
· Option 2: the UE uses SFI to determine the symbols to transmit
For Option 2, given the dynamic SFI may be transmitted before or after the PUSCH repetitions and the UE may miss the detection of SFI, it would cause ambiguity between gNB and UE about whether some SFI related symbols are transmitted or not. In this sense, we prefer that UE behavior is not depended on dynamic SFI.  
[bookmark: OLE_LINK10][bookmark: OLE_LINK27][bookmark: OLE_LINK21][bookmark: OLE_LINK9]Proposal 1: In case dynamic SFI is configured, solutions with UE behavior not depended on dynamic SFI is supported for both DG PUSCH and CG PUSCH repetition.
[bookmark: OLE_LINK5]In the following, we further discuss the solutions under condition of Proposal 1 in case dynamic SFI is configured. 
· [bookmark: OLE_LINK23]DG PUSCH repetition
Based on the above analysis, we suggest UE behavior is not depended on dynamic SFI. As concluded in RAN1 #98 meeting and agreed in RAN1 #98bis meeting, for this case, there are two options to specify UE behavior:
	· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
·  FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.


[bookmark: OLE_LINK12]For Option 1-3, extra dynamic signaling is needed to define the valid symbols, it not only increases the overhead of DCI but also needs more standardization work. So, Option 1-1 is more preferred for us. 
[bookmark: OLE_LINK13]For Option 1-1b, it will limit the simultaneous usage of SFI and Rel-16 PUSCH repetition, which seems a big restriction. Thus, we think the Rel-15 description which regards this as error case can be applied here, i.e., ‘A UE does not expect to detect the dynamic SFI indicating the set of semi-static flexible symbols of the slot as downlink and also detects a UL grant indicating to the UE to transmit DG PUSCH in one or more symbols from the set of semi-static flexible symbols of the slot’. More specifically, it means gNB has to do as follows:
A) If the dynamic SFI is transmitted before the DG PUSCH, gNB can only schedule the DG PUSCH on semi-static UL symbols and flexible symbols that not changed to DL by SFI to avoid conflicts. 
B) If the dynamic SFI is transmitted after the DG PUSCH, the UE does not expect any semi-static flexible symbol to be indicated as DL by SFI if these symbols are scheduled for the DG PUSCH, i.e., the UE can transmit PUSCH on semi-static flexible symbols. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK15]Proposal 2: In case dynamic SFI is configured for DG PUSCH repetition,
· a UE does not expect to detect the dynamic SFI indicating the set of semi-static flexible symbols of the slot as downlink and also detects a UL grant indicating to the UE to transmit DG PUSCH in one or more symbols from the set of semi-static flexible symbols of the slot.
· [bookmark: OLE_LINK17]CG PUSCH repetition
· Configured grant PUSCH repetition other than the first Type 2 CG PUSCH with associated DCI 
[bookmark: OLE_LINK16]Based on the agreement in RAN1 #98bis meeting, there is only one option to specify UE behavior not depended on dynamic SFI. That is, semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols. 
· The first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
Similar to DG PUSCH, the first Type 2 CG PUSCH is also scheduled by UL grant not RRC, so we think the UE behavior is the same as DG PUSCH to handle the interaction of PUSCH with DL/UL directions.
Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· UE behavior is the same as DG PUSCH to handle the interaction of PUSCH with DL/UL directions.
· If dynamic SFI is not configured
If dynamic SFI is not configured, it was agreed in RAN1#98bis meeting that semi-static flexible symbols are used for PUSCH, and segmentation occurs at least around semi-static DL symbols for both DG and CG with “Rel-16 PUSCH transmission scheme”.  
One FFS point is whether to further define some invalid symbols for segmentation for UL transmissions except for the  semi-static DL symbols. Similar as Option 1-3 discussed above, more standardization work is needed and we also don’t see strong necessity here. 
Proposal 4: If dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols for both DG and CG with “Rel-16 PUSCH transmission scheme”.  
[bookmark: OLE_LINK6]Another FFS point is how to handle the collision with dynamic DL transmission for CG PUSCH if dynamic SFI is not configured. In Rel-15, if a CG PUSCH conflicts with dynamic DL transmission, the UE behavior is summarized as follows:



 -	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding UE processing capability [TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols. 
Based on the above analysis, Rel-15 has given a solution to solve the collision with dynamic DL transmission for CG PUSCH. We don’t see any issue to resue the Rel-15 UE behavior here
Proposal 5:  If dynamic SFI is not configured, reuse the same Rel-15 rules for handling of the conflict with dynamic DL transmission for CG PUSCH.
2.3. How to handle guard period
If there are downlink symbols before uplink/flexible symbols in one slot according to slot configuration, there might need a guard period (GP) for switching from DL to UL. An example with K=4 and two symbols for each repetition is shown in Figure 1. The first three transmissions are transmitted in slot #n, and the last one is in slot #n+1. That is both slot #n and slot#n+1 are available slots for transmission. If one symbol is used for GP, the first available symbol is the second flexible symbol in slot#n+1. 


Figure 1. K=4  DG PUSCH repetitions across the slot boundary.
Proposal 6: For PUSCH repetitions, the first available symbols in a slot is the (n+1)th flexible/UL symbols after DL symbols where n is the number of symbols for GP. 
Issues caused by splitting
3.1 Handling of “orphan” symbol
For PUSCH repetition, if a “nominal” repetition goes across the slot boundary, this “nominal” repetition is automatically split into multiple PUSCH repetitions. But the implicit splitting procedure could cause orphan symbols, e.g., the duration of repetition#3 is too small due to splitting as shown in Figure 2. In this case, gNB may avoid the orphan symbol by either postpone the transmission or changing the duration of a “nominal” repetition. However, it would either introduce additional latency or restrict the gNB scheduling which becomes more complicated for configured grant PUSCH. 


Figure2. An example of orphan symbol for PUSCH repetition
Firstly, we need to clarify the definition of orphan symbols. For example, when the duration of the repetition is too small(e.g., smaller than a predefined threshold) or when the coding rate of the repetition is too high(e.g., larger than a predefined threshold), the symbols in this repetition are orphan symbols. Then, UE behavior on handling of orphan symbols needs to be defined. One simple way is to transmit nothing on these orphan symbols. This might be not very efficient if the orphan symbols cannot be easily allocated to other signals/UEs. 
[bookmark: OLE_LINK4]Proposal 7: When the duration of a repetition is too small or when the coding rate of a repetition is too high, a UE transmits nothing in this repetition. 
3.2 DMRS determination 
[bookmark: OLE_LINK7]As shown in Figure 3, front-loaded DMRS and additional DMRS are configured for each nominal repetition, and the nominal repetition #2 is split into actual repetition#2 and actual repetition#3. How to determine DMRS location for the two segmented repetitions needs to be considered. If the DMRS configuration is based on the duration of the nominal repetition, we can see that actual repetition#3 has no DMRS. So, it is better to configure DMRS location according to the duration of actual repetition. That is the DMRS configuration of actual repetition#2 and actual repetition#3 is based on their actual duration i.e., 4 and 2 respectively.


Figure 3. An example of DMRS determination
Proposal 8: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
3.3 RV determination
When a “nominal” repetition goes across the slot boundary, it is automatically split into multiple PUSCH repetitions. How to determine RV for the segmented repetitions needs to be considered. There are two options to determine the RV:
· Option 1: Same RV is used for multiple segments corresponding to the same nominal repetition.
· Option 2: Different RVs are used for multiple segments according to the RV cycling pattern.
As shown in Figure 4, any nominal repetition may go across the slot boundary from Case 1 to Case 4. Comparing the two options, we can see Option 2 could possibly give more systematic bits because the same or more RV 0 are used. 


Figure 4. An example of RV id determination
Proposal 9: In case a nominal repetition is split into multiple repetitions, different RVs are used for multiple segments according to the RV cycling pattern.
Frequency hopping
In the RAN1#98bis meeting, the number of actual hopping locations in frequency is agreed as 2 for Rel-16 PUSCH. But, time domain hopping pattern is still FFS. There may be four kinds of hopping mode in the time domain.
· Mode 1: Intra-slot hopping
· Mode 2: Inter-slot hopping
· Mode 3: Intra-PUSCH repetition hopping
· Mode 4: Inter-PUSCH-repetition hopping
In Rel-15, only slot-based PUSCH repetition is used, i.e., one repetition within one slot. Thus, Rel-15 intra-slot hopping is equivalent to intra-PUSCH repetition hopping. However, when introducing more than one repetitions within a slot for Rel-16 PUSCH enhancements, it seems unclear about the implementation of intra-slot hopping. Thus, intra-PUSCH repetition hopping should be supported instead of intra-slot hopping.
Similarly, inter-slot hopping is equivalent to inter-PUSCH repetition hopping in Rel-15. While with introducing more than one repetitions within a slot for Rel-16, it seems inter-slot hopping is only a sub-set of inter-PUSCH repetition hopping. Thus, inter-PUSCH repetition hopping should be supported instead of inter-slot hopping.
Furthermore, it needs to determine whether it is based on nominal repetition or actual repetition for both intra-PUSCH repetition hopping and inter-PUSCH repetition hopping. For intra-PUSCH repetition hopping, basing on nominal repetition seems not workable or more rules needs to be defined when there are multiple repetitions within this nominal repetition. For inter-PUSCH repetition hopping, basing on actual repetition is more desirable since it could provide more frequency diversity compared to basing on nominal repetition.
Proposal 10: For Rel-16 PUSCH enhancements, support intra-PUSCH-repetition hopping and inter-PUSCH-repetition hopping
· Both intra-PUSCH-repetition hopping and inter-PUSCH-repetition hopping are based on actual repetition.
· Intra-PUSCH-repetition frequency hopping


Intra-PUSCH-repetition frequency hopping could reuse Rel-15 rules for intra-slot hopping, i.e., the number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot. The starting RB in each hop is given by:

,


where  i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information and is the frequency offset in RBs between the two frequency hops. 
· Inter-PUSCH-repetition frequency hopping
[bookmark: OLE_LINK2]For inter-actual-PUSCH-repetition frequency hopping, it could also reuse Rel-15 rules for inter-slot hopping, i.e., the starting RB in each hop is given by:

,



where  is the current repetition number instead of slot number in Rel-15.  is the starting RB within the UL BWP as calculated from the resource block assignment information and is the frequency offset in RBs between the two frequency hops.
In addition, intra-PUSCH-repetition frequency hopping and inter-PUSCH-repetition frequency hopping is no need to be enabled simultaneously as Rel-15.
Proposal 11: For Rel-16 PUSCH enhancements, intra-PUSCH-repetition and inter-PUSCH-repetition frequency hopping can reuse Rel-15 rules for intra-slot and inter-slot frequency hopping respectively, and they cannot be enabled simultaneously.
TBS determination 
In the case of unequal duration for PUSCH repetitions, if the TBS determination is based on the whole duration, it may lead to the actual coding rate larger than 1 for the repetition with shorter duration, which means some of the systematic bits may be lost and cannot be self-decodable. For example, if the whole duration is 14 while the shortest repetition contains only 2 symbols, the actual coding rate for this repetition would be about 7 times of that for the whole duration. That means if the MCS determined by the whole duration is equal or larger than MCS#7 (coding rate is 0.15), then the actual coding rate for the shortest repetition would be larger than 1. On the other hand, if the TBS is based on the shortest one, it may result in using of a too small TBS or the coding rate is very large. Alternatively, TBS based on the longest PUSCH could be a good way out. 
Proposal 12: The TBS is based on the longest PUSCH repetition for Rel-16 PUSCH enhancements.
The details of RRC parameters
· The time domain resource determination for DG PUSCH
[bookmark: OLE_LINK24]According to the email discussion of RRC parameters for NR eURLLC[3], separate configuration of the TDRA table for DCI format 0_1 and DCI format 0_2 are defined for DG PUSCH. A joint table including the parameters for both Rel-15 and Rel-16 transmission schemes could be considered. An example is given in Table 1. In this sense, a UE will only read the parameters valid for Rel-15 if Rel-15 PUSCH is enabled and vice versa. This could avoid re-configuring the whole table due to a reconfiguration of enabling/disabling between Rel-15 and Rel-16 PUSCH transmission schemes. 
Note, the parameter numberofrepetitions is always in the table, regardless Rel-15 or Rel-16 PUSCH transmission scheme is enabled. The candidate values of numberofrepetitions could be {1,2,4,8}.
Table 1  A joint TDRA table for Rel-15 and Rel-16 PUSCH transmission schemes
	Row index
	PUSCH
Mapping type
	

	startSymbol
	length
	startSymbolAndLength
	numberofrepetitions

	-
	-
	-
	-
	-
	-
	-



[bookmark: OLE_LINK22]Proposal 13: A joint table including the parameters for both Rel-15 and Rel-16 transmission schemes is supported and is configured per DCI format.
- The parameter numberofrepetitions is always in the table and the candidate values could be {1,2,4,8}.
· The time domain resource determination for CG PUSCH
[bookmark: _GoBack]For Type 2 CG PUSCH, a TDRA table can be chosen based on the activating DCI format, which is the same as the mechanism for determining the PUSCH transmission scheme. For Type 1 CG PUSCH, which has no associated DCI, it is simple to define a new TDRA table for it, while causing more RRC overhead. Another alternative is to use the same TDRA table configured for DCI format 0_1 or DCI format 0_2 by default, or introduce a new RRC parameter for choosing one TDRA table between the one configured for DCI format 0_1 or DCI format 0_2. Note, although Type 1 CG PUSCH could be configured with a different PUSCH transmission scheme as DG PUSCH, the joint table defined for both Rel-15 and Rel-16 PUSCH transmission schemes can make this possible. That is, Type 1 CG PUSCH and DG PUSCH could share a same TDRA table and possibly apply different columns.  
Proposal 14: For Type 2 CG PUSCH, the UE uses the TDRA associated with the activating DCI format. 
Proposal 15: For Type 1 CG PUSCH, the UE uses the same TDRA table configured for DCI format 0_1 or DCI format 0_2 by default, or a new RRC parameter is introduced to determine which TDRA table is applied.
Conclusion
According to the analysis given above, we have the following proposals and observations:
Proposal 1: In case dynamic SFI is configured, solutions with UE behavior not depended on dynamic SFI is supported for both DG PUSCH and CG PUSCH repetition.
Proposal 2: In case dynamic SFI is configured for DG PUSCH repetition,
· a UE does not expect to detect the dynamic SFI indicating the set of semi-static flexible symbols of the slot as downlink and also detects a UL grant indicating to the UE to transmit DG PUSCH in one or more symbols from the set of semi-static flexible symbols of the slot.
Proposal 3: For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· UE behavior is the same as DG PUSCH to handle the interaction of PUSCH with DL/UL directions.
Proposal 4: If dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols for both DG and CG with “Rel-16 PUSCH transmission scheme”.  
Proposal 5:  If dynamic SFI is not configured, reuse the same Rel-15 rules for handling of the conflict with dynamic DL transmission for CG PUSCH.
Proposal 6: For PUSCH repetitions, the first available symbols in a slot is the (n+1)th flexible/UL symbols after DL symbols where n is the number of symbols for GP. 
Proposal 7: When the duration of a repetition is too small or when the coding rate of a repetition is too high, a UE transmits nothing in this repetition. 
Proposal 8: In case a nominal repetition is split into multiple repetitions, DMRS configuration for each segmented repetition is based on its actual duration. 
Proposal 9: In case a nominal repetition is split into multiple repetitions, different RVs are used for multiple segments according to the RV cycling pattern.
Proposal 10: For Rel-16 PUSCH enhancements, support intra-PUSCH-repetition hopping and inter-PUSCH-repetition hopping
· Both intra-PUSCH-repetition hopping and inter-PUSCH-repetition hopping are based on actual repetition.
Proposal 11: For Rel-16 PUSCH enhancements, intra-PUSCH-repetition and inter-PUSCH-repetition frequency hopping can reuse Rel-15 rules for intra-slot and inter-slot frequency hopping respectively, and they cannot be enabled simultaneously.
Proposal 12: The TBS is based on the longest PUSCH repetition for Rel-16 PUSCH enhancements.
Proposal 13: A joint table including the parameters for both Rel-15 and Rel-16 transmission schemes is supported and is configured per DCI format.
- The parameter numberofrepetitions is always in the table and the candidate values could be {1,2,4,8}.
Proposal 14: For Type 2 CG PUSCH, the UE uses the TDRA associated with the activating DCI format. 
Proposal 15: For Type 1 CG PUSCH, the UE uses the same TDRA table configured for DCI format 0_1 or DCI format 0_2 by default, or a new RRC parameter is introduced to determine which TDRA table is applied.
Reference
[1] 3GPP RAN1#98bis, Chairman notes.
[2] 3GPP RAN1#98,  Chairman notes.
[3] 3GPP RAN1#98bis, R1-1911729, RRC parameters for NR eURLLC_post RAN1#98bis
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