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Introduction
In RAN#96, couple of options for enhancing PUSCH were discussed [1]. After considering pros and cons of different options, in RAN1 #97 it was finaly agreed to adopt Option 4:
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

Earlier in RAN1 #96, Option 4 is defined as below:
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.

And in RAN1# 96bis, it was further agreed that:
Agreement:
· 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
· (Proposals): For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary,
· For front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition.
· FFS the case when additional DMRS is configured for the transmission
· FFS whether it is handled differently when there is only one symbol in the repetition
· Discuss till next meeting (also consider type A vs. type B DM-RS aspects)

In RAN1#98bis, further agreements were achived as follows:
Agreements:
· Do not support PUSCH mapping type A for Option 4.

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:
· 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 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 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:
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 paper, we consider the open design problems with Rel-16 PUSCH transmission scheme (formerly known as Option 4) for the enhanced PUSCH in Rel. 16 URLLC.
Dynamic PUSCH Enhancement for eURLLC
In RAN1 #97, it was agreed to adopt Option 4 for PUSCH enhancements. As discussed earlier, DCI in Option 4 only determines the nominal TDRA for the first transmission. Crossing the slot boundary and/or symbol direction will determine the actual number of repetitions and TDRA per actual repetition. Recall that there are two mechanisems in NR to indicate symbol direction, namely using semi-static SFI and/or using dynamic SFI, where the latter is achieved if the UE is configured to monitor GC-PDCCH on DCI format 2_0. For URLLC PUSCH where the target reliability is very high, e.g. 1e-6, GC-PDCCH carrying dynamic SFI may not be as reliable as URLLC PUSCH. It should be noted that if UE makes segmentation decisions based on symbol directions determined by dynamic SFI, there is always an ambiguity at the network whether dynamic SFI is correctly received by URLLC UE or not. Thus, network always has to go to decoding with different hypothesis based on reception or missing of dynamic SFI at the UE side. Alternatively, network can solve the reliability issue by delaying PUSCH grant until it is made sure that all the symbols within K nominal repeatitions each of nominal length L are usable for PUSCH transmission. In this case, UE will anyway rely on the grant, even if UE has missed dynamic SFI similar to Rel-15. Under this approach, it is true that reliability is achieved, but of course at the cost of larger latency. We should recall that one main motivation to enhance PUSCH in Rel-16 for URLLC is to reduce latency. Thus, we propose that UE behavior in determining symbol direction must be independent of whether dynamic SFI is received or not or basically whether dynamic SFI is configured or not. Having said that, we think relying on the semi-static SFI can be a more reliable solution in determining UL/DL direction of the symbols. 
Proposal 1: For URLLC PUSCH transmission (both dynamic and CG), UE ignores dynamic SFI for URLLC traffic, and relies on semi-static SFI to determine symbol directions.
For both dynamic and CG URLLC PUSCH transmission, it was already agreed in RAN1# 98b that semi-static flexible (X) symbols can also be used for UL transmission, if dynamic SFI is not configured. Here we extend this proposal and make it more precise. For dynamic URLLC PUSCH transmission, and also for the first URLLC PUSCH transmission and all its repetition on Type 2 CG, regardless whether dynamic SFI is configured or not, semi-static flexible (X) and semi-static uplink (U) symbols, within the set of symbols for PUSCH transmission given by DCI can potentially be used for PUSCH transmission. 
Proposal 2: For dynamic URLLC PUSCH and for the first URLLC PUSCH transmission (and all its repetitions) on the configured grant Type-2, a UE can potentially use the semi-static flexible and uplink symbols for PUSCH transmission, regardless of dynamic SFI configuration.
The logic behind the above proposal is that with dynamic allocation, the gNB can control all symbols within the allocation, except semi-static D symbols. In the rare case that some of the semi-static flexible symbols cannot be used for UL, e.g. there is a URLLC DL assignment on some of those symbols, dynamic PUSCH can be postponed for few symbols as usual, which still in terms of latency and reliability should not be worse than other options relying on dynamic SFI. Alternatively, a bitmap with short size like 1 or 2 bits can be introduced in UL DCI, where (if configured) would indicate which set of semi-static X symbols are valid for UL transmission. In the example shown by Fig. 1, the bitmap size is only 1 bit and it indicates no X symbols within the KxL window is valid for UL transmission.
Proposal 3: For dynamic URLLC PUSCH, a bitmap can indicate which (set of) X symbols are valid for UL transmission.
[image: ]
Figure 1: UL DCI indicates which (set of) semi-static flexible X symbols are usable for UL transmission.

It should be noted that when we say semi-static X and U symbols can “potentially” be used for PUSCH transmission, it is because in TDD, there should be some guard symbols between the last semi-static downlink (D) symbol and the first semi-static X or U symbol usable for PUSCH transmission. The purpose of this guard period is to apply timing adjustment and/or in case UE not capable of full-duplex communication to switch from receiving mode to transmission mode. Further, UE does not use a semi-static flexible symbol X for PUSCH transmission if the symbol is indicated to UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set. Also, UE does not use a semi-static flexible symbol X for PUSCH transmission if the symbol is indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks. 
 
For URLLC PUSCH transmission on Type-1 configured grant, and on Type-2 configured grant except the first PUSCHand all its repetitions, where gNB may be not be aware of PUSCH transmission ahead of time, semi-static flexible symbols might have been turned to D by dynamic SFI or other dynamic grants. Thus, semi-static X symbols are not reliable for configured PUSCH transmission with  Type-1 and Type-2 schemes (except the first Type-2 PUSCH); in particular, a UE may have missed the dynamic SFI or other dynamic grants. Indeed, in this case, only the semi-static U symbols are reliable for PUSCH transmission. Here, a nominal repetition will be segmentated if it goes across the slot boundary or there is a semi-static D or semi-static X symbol within the set of symbols for the nominal repetition.
Proposal 4: For Type-1 PUSCH transmission, including any repetition corresponding to a PUSCH transmission, and for Type-2 PUSCH transmission, except the first PUSCH and its corresponding repetitions, a UE ignores the dynamic SFI and uses semi-static U symbols for URLLC PUSCH transmission.

Other aspects:
There are few other aspects regarding the design of PUSCH enhancement which are discussed below:
· New SLIV formulation: Common understanding is that Option 4 follows Rel. 15 SLIV formulation for each repetition. The only exception under Option 4 is the case where the SLIV indicating the first repetition needs to cross the slot boundary, i.e. S+L>14. Here, Rel-15 SLIV formulation can be simply adopted to address S+L>14 case. An example of such adoption could be to extend SLIV equation as below:
· If S+L<=14, resue Rel-15 equation
· Else SLIV=14x (L-1+Y)+(S+1)-Z, where Y =7 and Z=39
Note that with the above simple modification, only a single constraint is added in respect to Rel-15 (while Rel-15 equation itself considers two conditions to obtain SLIV). Based on that, UE will reuse Rel-15 equation if SLIV number is less than 105, otherwise the new equation is used to map the SLIV number to S and L.
Proposal 5: Adopt Rel-15 SLIV equation for S+L>14, as follows: If SLIV<105 then reuse Rel-15 equations to obtain S and L. Otherwise use new SLIV= 14x (L-1+Y)+ (S+1)-Z.
· Handling of the repetitions under some conditions, e.g., when the duration is too small: This can be solved by configuration and/or by scheduling. For example, instead of granting mini-slot based repetitions that crosses the slot border, multi-segment repetition can be scheduled by the gNB. On the other hand, there might be cases that gNB purposefully schedules the URLLC UE with some orphan symbols left at the end of the slot, e.g. to allow SRS transmissions for other UEs. For simplicity, PUSCH is not transmitted on any orphan symbol, i.e., it is dropped. 
Proposal 6: The UE should drop the orphan symbol for PUSCH transmission.
· DMRS determination: For Option 4, it was agreed not to support PUSCH DMRS mapping Type A. There was also an FFS for the case when additional DMRS is configured for the transmission. In Rel-15, additional DMRS may be configured based on the assignment length. For enhanced PUSCH transmission with possible multiple repetitions, Rel-15 specification can be adopted per actual repetition duration.
Proposal 7: Adopt the Rel-15 specification to determine additional DMRS for Type B PUSCH based on the actual repetition duration.
· TBS determination: TB size can be determined based on the L from the SLIV for the first nominal repetition. 
Proposal 8: TB size is determined from the first nominal repetition.

· Length of transmission for the first nominal repetition (L): In RAN1 #96, L>14 was left as FFS. We should note that L>14 needs new design/signalling for SLIV equation, and DMRS determination. Besides, considering all these limitations, the benefit of allowing L>14 is unclear. Thus, we propose to keep L <= 14.
Proposal 9: L>14 for Option 4 is not supported.  
On the other hand, another aspect yet related to nominal length of repetition is the minimum value for L. In Rel-15 and for TypeB PUSCH allocation, in theory the minimum duration of time domain resource assignment can be down to one symbol. For PUSCH enhancement, it is already agreed there will be no DMRS sharing between repetitions. Thus, L=1 basically will result a lot of DMRS overhead.
Proposal 10: For PUSCH repetitions, the minimum length of nominal transmission, L, is more than 1 OS.

· Further restriction on Rel-16 PUSCH scheduling: It was agreed in RAN1 #98bis that for dynamic Rel-16 PUSCH, an RRC parameter is configured for each of DCI format 0_1 or DCI format 0_2, which indicates whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”. It is left as FFS whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously. In general the usecase to simultaneously enable both DCI format 0_1 and 0_2 to schedule Rel-16 PUSCH transmission is not strongly justified. Thus UE should be configured with either DCI format 0_2 or 0_1. In case UE is configured with both DCI formats for Rel-16 PUSCH scheduling, it is enabled only on DCI format 0_2.  
Proposal 11: Support FFS to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously.
· [bookmark: _Hlk7191703]Frequency hopping: It was agreed in RAN1 96bis that frequency hopping is supported, while details are left as an FFS. The inter-slot frequency hopping as well as hopping over UL/DL period switching, where new DMRS per repetition is needed anyhow, will bring frequency diversity gain theoretically at no extra cost. On the other hand, we should note that intra-repetition frequency hopping may increase DMRS overhead, thereby incurring a higher code rate. Besides, under the same DMRS overhead, the gain from frequency hopping over the loss from channel processing gain may be limited. 
Proposal 12: Support inter-slot FH or inter repetition FH. The intra-repetition FH is not supported.  
Conclusion
In this paper, we made the following observation and proposals:
Proposal 1: For URLLC PUSCH transmission (both dynamic and CG), UE ignores dynamic SFI for URLLC traffic, and relies on semi-static SFI to determine symbol directions.
Proposal 2: For dynamic URLLC PUSCH and for the first URLLC PUSCH transmission (and all its repetitions) on the configured grant Type-2, a UE can potentially use the semi-static flexible and uplink symbols for PUSCH transmission, regardless of dynamic SFI configuration.
Proposal 3: For dynamic URLLC PUSCH, a bitmap can indicate which (set of) X symbols are valid for UL transmission.
Proposal 4: For Type-1 PUSCH transmission, including any repetition corresponding to a PUSCH transmission, and for Type-2 PUSCH transmission, except the first PUSCH and its corresponding repetitions, a UE ignores the dynamic SFI and uses semi-static U symbols for URLLC PUSCH transmission.
Proposal 5: Adopt Rel-15 SLIV equation for S+L>14, as follows: If SLIV<105 then reuse Rel-15 equations to obtain S and L. Otherwise use new SLIV= 14x (L-1+Y)+ (S+1)-Z.
Proposal 6: The UE should drop the orphan symbol for PUSCH transmission.
Proposal 7: Adopt the Rel-15 specification to determine additional DMRS for Type B PUSCH based on the actual repetition duration.
Proposal 8: TB size is determined from the first nominal repetition.
Proposal 9: L>14 for Option 4 is not supported.  
Proposal 10: For PUSCH repetitions, the minimum length of nominal transmission, L, is more than 1 OS.

Proposal 11: Support FFS to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously.
Proposal 12: Support inter-slot FH or inter repetition FH. The intra-repetition FH is not supported.  
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